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(This is a translation of ·Aircraft Accident Investigation Report on Japan 

Air Lines JA8119, Boeing 747 SR-100· prepared for reference only with 

intent to be helpful to those who aay w.fsh to read the report in translation . 

Therefore, it goes without saying that the original text in Japanese governs 

in case there is any discrepaflCY from the original. in usage of words. 

substantial content. or context in any part of this English version.) 



This Report on Japan Air Lines JA8119 has been prepared by Aircraft 

Accident Investigation Commission in accordance with Article of Aircraft 

Accident Investigation Commission Establishment Law. 
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(2) For the investigation of fractured metal surfaces and related matters 
Satoshi Nishijima 
Dir~ctor, Fatigue Test Division, National Research Institute for Metals, 
Science and Technology Agency 

(3) For the analysis of Clow-out phenomenon of pressurized air 
Kazuaki Takeshi~a 
Chiel. two-dimensional Transonic find Tunnel Lab .• Second Aerodynamics 
Division. National Aerospace Laboratory , Science and Technology Agency 

(4) For the analysis of flight performance characteristics 
Gorou Beppu 
Director. Flight Research Division. National Aerospace Laboratory, 
Science· and Technology Agency 

Masaki Komoda 
Chief. Flight Test Lab. ! Flight Research Division. 
National Aerospace Laboratory, Science and Technology Agency 

Nagakatsu Kawahata 
Chief, Flight Qualities Lab .• Flight Research Division. 
National Aerospace Laboratory, Science and Technology Agency 

(5) For lhe phonetic analysis of cockpit voice recorder 
Osamu Fujiwara . (until Jan. 1. 1986) 
Chief, Sensory Section, First Division, Aeromedical Laboratory, 
Air Self-Defense Force 

Narisuke Utsukt 
Sensory Section. First Division, Aeromedical Laboratory, 
Air Self-Defense Poree 

(6) For the acoustic analysis of cockpit voice recorder 
Yoshio Yamasaki 
Acoustic Section. Science and Engineering Research Laboratory, 
laseda UniversJty 

(7) For the analysis of photographic images 
Toshihuai Sakata 
Director. Tokai University Research and Information Center 

1.2.1.4 For the purpose of study on relevant specialities. the Str~~tural 
Investigation Group, Flight Performance Investigation Group and CVR (Cockpit 
Voice Recorder) Investigation Group were established. 

1. 2.1 .5 Upon occurr.ence of the accident. chairman. members. investigator-in­
charge, and investigators (inciuding the assigned 1edical officers) were 
dispatched to the crash site. and at the same time an investigation team on 
the spot was organized. The team engaged in the investigation stayed at the 
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August 28 - Nov. 30. 1986 
fuselage and oxygen deficiency disease 
Analysis of photographic images 

1.2.3 Co•ments from Persons relevant to the Cause 
AAIC heard comments. 

1.2.4 Hearing 
AAlC published a draft of the report on factual investigation on March 28. 

1986, and held a hearing on April 25 to hear the opinions of per~ons related to 
the accident as well as 11 men of learning and experience. 
(1) Date 10:02 - 16:13 hours. April 25, 1986 
(2) Place Large Assembly Dall, Ministry of Transport 
(3) Presider Hisaji Fujitomi. Director -General. Secretariat of AAIC 
(4) fitnesses (in order or witnesses) 

Mr. Hideo Hirasawa Senior Vice President. Japan Air Lines Co .• Ltd. 

Mr : Masayuki Ando Co-pilot of 8747. Japan Air Lines Co .. Ltd. 
Vice President. Japan Air Lines' Flight Crew Union 

Capt. Ryuzou Yamada Japan Air Lines Co .. Ltd. 
Board Member. Japan Air Lines' Captain Association 

Dr. Hiroshi Hakaguchi Opinions are asked by AAIC 
Professor Emeritus. Tokyo University 

·. Specialized in structural mechanics 

Dr. Shlgeo Kobayashi Opinions are asked by AAIC 
Professor, Tokyo University 
Specialized In structural mechanics 

Mr. Hiroshi Ichikawa 

Dr. Tsugihjko Sato 

Cabin Attendant. Japan Air Lines 
Assistant General Secretary, Japan Air Lines 
Cabin Attendants Union 

President, Osaka Institute of Technology 
Professor. Mechanical Engineering Dept. 

Capt. Hiroshi Fujimoto Toa Do1estic Airlines Co .. Ltd . 

Capt. Yoshi1i latari 

Chairman. Japan Federation of Civil Aviation 
lorkers Unions for Air Safety 

Toa Domestic Airlines Co .. Ltd. 
President. Japan Flight Crew Unions Federation 

Mr . Yoshiyuki' Funatsu Exec·utive Vice· President. All Nippon Airways Co .. Ltd . 
Chairman. Safety Promotion Com•ittee 

Dr. Keihachiro Shimizu Professor , International Budo University 
Professor Emeritus, Chiba University 
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Foraer Memb~r of Council for Civfl Aviation 

(5) The contents of statements 
omitted 

(As described in the stenographic record of the hearing.) 

1. 2.5 Reporting and Publication 
The progress and process of the investigation of the aircraft accident 

involving principal facts which becoae known by the factual investigation was 
reported to Minister for Transport and was published on August 19, August 27, 
Septeaber 14, December 19, 1985 and August 6, 1986. 
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then asked ·what ls the nature of the emergency ? •. but received no response from 
the aircraft. At 1828:31 Tokyo Control instructed again the aircraft to 'take a 
magnetic course or 90° for radar vector to Oshima·, but the response ·now 
uncontrollable· was received from the aircraft at 1828:35. 

The aircraft traversed Suruga Bay, passed over north of Yaizu City, Shizuoka 
Prefecture approximately 1830 hours. and then changed course to the right for a 
northbound fl-lght approximately 1831 hours. about which time Tokyo Control asked 
the aircraft ·can you descend?·. to which the pilot responded ~Now descending• at 
1831:07. and then reported his altitude as 24.000 feet in response to the 
subsequent inquiry on current altitude. To a question aade by Tokyo Control at 
1831:14 ·Your present position is 72 NM from Nagoya Airport. Can you land at 
Nagoya?·. the aircraft answered ·Request return to Haneda·. At 1831:26 Tokyo 
Control suggested the use of Japanese to communicate thereafter. which was 
acknowledged by the aircraft. 

At approximately 1835 hours. the aircraft turned to the right at a point 
about 35 kilometers west of Mt.Fuji for an eastward flight. and about 1838 hours 
turned the heading to the left at a point about 7 kilometers HNI of Mt.Fuji into 
a north-eastward flight, and at approxl1ately 1841 hours the aircraft started a 
descent froa altitude of about 21,000 feet over the vicinity of Otsuki City, 
Yamanashi Prefecture to an altitude of about 17,000 feet changing the heading 
about 360° to the right in about 3 minutes. Thereafter the aircraft continued 
flight descending rapidly eastward. trans•itting ·aircraft uncontrollable· at 1845 
:46 hours. then turned left towards the north-east. At 1847:07 the aircraft 
requested radar vector to Haneda. to which Tokyo Control instructed the aircraft 
to ·maintain heading of 90° . Hanedis active runway 22·. ~hich was 
acknowledged by the aircraft. Then, in response to an inquiry ·1s the aircraft 
controllable?• made by Tokyo Control at 1847:17. ·uncontrollable· was answered. 
At approximately 1848 hours the aircraft turned to the left at an altitude of 
about 7,000 feet over the vicinity of Oku-Tama Town. Nishi-Tama Gun, Tokyo and 
flew INI gradually cli1bing~ and after reaching about 13.000 feet at about 1853 
hours it started again a descent. and again trans•itted ·uncontrollable· at 1853: 
31. At about 1854:19. the aircraft switched over comaunications to Tokyo Approach 
Control (hereinafter referre~ to as •tokyo Approach·) at an altitude of 11.000 
feet by an instruction of Tokyo ContrQl. At 1854:25 the aircraft requested its 
position, to which Tokyo Approach gave •55 nautical miles NI of Haneda and 25 
nautical niles west of Kumagaya·. which was acknowledged by the aircraft at 1854: 
55. Then. at 1855:05 Tokyo Approach transmitted ·Both Haneda and Yokota are 
available·. to which acknowledgement was made by the aircra(t. After this, there 
was no response .from the aircraft to calls of Tokyo Approach as well as Yokota 
Approach Control. 
According to statements of eye-witnesses (4 persons) at points 3 to 4 kilometers 
SSI of the crash point, •the aircraft flew in buzzing fro• Oku-Tama area . located 
to the ESE at quite a low altitude and slow speed, slightly nose-up. The aircraft 
passed overhead. and made an abrupt right turn short of Mt.Sanpei (elevation 1,700 
meters) situated to the NI and flew toward Mt. Mikuni (elevation 1,828 meters) 
located to the ENE. Then. about the time the aircraft would have passed Mt.Mikuni. 
the aircraft suddenly plunged into a dive banking to the left to NI direction. and 
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about 520 met ers to south-.east on a ridge extending north -east 'to south-west 
(hereinafter referred to • the single larch tree· ) was on a slope with planted and 
natural forests mingled together. The area on the south. side of the ridge where 
the single larch tree was located was covered entirely with an natural forest 
(see Photo-2 and Attached Pigure-19). 

2. 4 . Damage to Aircraft 
2.4.l Eltent of Da1age 

The .air~raft was destroyed . 

2. 4.2 Damage to Aircraft by part 
2.4 . 2. 1 Fuselage (see Attached Figure-4 and - 5) 
(1) Sections 41 and 42 (8$90-1000) near the nose were substantially damaged 

and subjected to fire. The cockpit was nearly gutted by fire. 
A portion on the copilot side or PS overhead panel. a portion of P4 panel 

for flight engineer. and some of instruments were substantially damaged, but 
were free of fire . 

The upper deck was broken into two main blocks . 

(2) Section H (8Sl000-1480) in and around 11id fuselage was destroyed and the 
original fora undiscernible for the wreckagae was scattered widely. 

(3) Section 46 (881480-2360) in and around aft fuselage was destroyed. except 
that the left side fuselage and a portion of the floor panel of 8Sl800 to near 
BS2360 bore sl ight resemblance to their original form (see Photo-4 and -5) . 

(4) Sect ion 48 (8$2360-2792) of the aftmost fuselage, where the vertical 
stabilizer is 1ounted. had a portion below the fixture of the horizontal 
stabilizer separated and scattered . The tail cone portion aft of BS2658 was 
not recovered (see Attached Pigure-25 and -26) . 

The APU fire wall in 8S2658 was not recovered except for a small portion 
remaining attached to the fuselage frame. 

2.4.2.2 lings (see Attached Flgure-6) 
( l ) The left wing retained its linear shape as a whole from root to tip. but 

its leading edge flap and trailing edge flap were both damaged and separated 
from the wing . Pylon positions of Ko.1 and Ko.2 engines were gutt ed by f i re . 

(2) The right wing . including the leading and the trailing edge flap, was 
shattered to such an extent that lt retained no rese1blance to the original 
form. Their main wreckage or outer wi ng was recovered between the single larch 
tree and the crash point. 

The structural portions recovered between the si,;gle larch tree and 
Sugeno Dale were slender and wrinkled frag1ents. long along the spar and short 
along the longitudinal ax is of the aircraft . The frag1ents of the wing's under­
surface were significant in scratches due to impact with the ground. and much 
s1aller as compared with those of the wing upper -surface. 
Attached figure - 29 was made based on recovered parts. 

2.4 .2.3 Empennage (see Attached Figure-7) 

-9-



a 



. 
.... 

• • • • • • . ..... • • ~ • v • • • • •• • • • .. • .. .. .. - '·.·. :. ,_ • •• 

compressor case was cracked, but the original fora almost preserved up to the 
turbine assembly. 

The spinner. fan blades, fan case. and a portion of thrust reverser 
were torn off and separated from the engine (see Photo-9). 

(4) The fan section and core of No .4 engine were destroyed, the fan and the 
high pressure compressor shaft being severed, and broken into two in the 
vicinity of stage 9 of the high pressure compressor. The spinner, fan blades • 
fan case, thrust reverser, engine mounts, gear boxes. combustion chamber, high 
and low pressure turbine blades. turbine sleeve and plug were torn off and 
separated (see Photo-10). 

The thrust reverser screw jack was broken and separated from the engine. 
As to the thrust reverser pneumatic drive unit. only a part of its motor was 
recovered. 

The fan front case was broken in its almost directly below portion. and 
damage to its lower portion left of the engine body was significant. 

No.4 engine nose cowl was severed in the upper half (about 150 degrees) 
as well as in the right side (about 1/4 of the circumference). and the left 
side portion was destroyed, retaining no resemblance to its original form. 

2.4.2.5 Others 
(1) All landing gears were torn off at their fittings and separated fro1 the 
fuselage. The front gear was subjected to fire . 

(2) The digital flight data recorder and the cockpit voice recorder were both 
found among the wreckage in the third branch of Sugeno Dale. part of their 
outer case being collapsed. 

(3) The attach screw on the lowest portion of the lining of the engine fan exit 
case and fragments of the cascade vane were found iabedded in the severed 
section (about 14 aetets height fro• the ground) of the single larch tree. 

(4) The portion of the hydraulic lines for the elevator control system running 
along the rear spar of the horizontal stabilizer was not daaaged. 

The · lines for other hydraulic systems were severely damaged. and it was 
impossible to specify its locations and damaged conditions. 

(5) With regard to the APU systems, the pneumatic duct, battery, and wiring, 
etc installed forward of the fire wall were recovered in a damaged state. but 
for tbe portion or aft of the fire wall (APU coapartaent) only the air intake 
duct was recovered from Sagaml Bay. The APU and other portions have not been 
discovered. 

(6) A portion of P2. · p~. P5 and P6 panel . installed in the cockpit were 
recovered (see Attached Figure-12). 

2. (. 3 Distribution of lreckage, etc. (see Attached Pigure-13 to -19) 
2.4.3 . 1 On a slope, about 1.565 meters in elevation. south of the range 
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extending east and west from the crash point (the location "of the provisional 
heliport) earth was exposed about · 40 meters long and about 10 meters wide. 
around which the left and the right landing gear support beam. skin from the 
right wing and flap trucks. etc were found ·buried. 

2.4.3.2 The nose. left wing, nose wheels and main wheels of the aircraft were 
s~attered for about 110 meters west of the crash point. most of which were 
burnt. Nearby trees were cut off. brought down. or scorched. 

2.4 . 3.3 The fuselage portion from the upper deck cabin to the vicinity of the 
upper part of the wing was split in two and scattered for about 200 meters 
NNY of the crash point. while the portion adjacent to the nose was gutted by 
fire. Nearby trees were cut off. brought down. or scorched. 

2.4.3.4 Trees within an area extending about 244 meters NNJ of the crash point 
with a width of about 35 meters were cut off or brought down. where a part of 
the right wing, aft fuselage, etc. were scattered. Most of the aft fuselage 
wreckage was lying in a heap in the third branch of Sugeno Dale. 

2.4.3.5 In the U-Ditch located about 570 meters SE of the crash point. trees on 
the range were scratched about 40 meters long and about 2-10 meters wide in a 
V-shape, where parts on the right wing tip, wing skin and others lay scattered 
about. 

2.4 . 3. 6 Trees on a slope located about 140 meters SE of the U-Ditch were cut 
off or brought down in an area about 40 meters long by 18 meters wide, where 
parts of No.4 engine lay scattered a~out. 

2.4.3 . 7 The single larch tree on a range of about 1.530 meters elevation. and 
about 520 meters ESE of the U-Ditch were cut off at a height of about 14 
meters from the ground. The tip of five trees out of the densely grown hemlock 
spruce located about 9 ·meters west of the single larch tree were cut off 
about two meters higher than the single larch tree was cut off. Lying scatter ­
ed in the vlcinity were the right main wing t railing flap , No.8 track rod end 
fitting, the leading edge flap, flap track fairing , turbine 
blades. etc . 

2.4.3 . 8 No.4 engine and its parts. and parts in the right wing leading edge, 
etc were lying widely scattered between the single larch tree and the 
U-Ditch. 

2.4.3.9 Part o; the leading edge of the vertical fin and others were lying 
scattered at a spot about 60 1eters SE of the U-Ditch. 
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The result of the sonar investigation indicated 17 spots as possible 
locations where non-natural substances existed (see Attached Figure-21). On 
these spots a follow-up investigation was made for the substances using a 
towing type deep-sea camera and a video tape recorder of the Oceanic Science 
and Technology Center. 

2.4.5 Wreckage discovered on Flight Course 
Besides the flotsam recovered on Sagami Bay, five pieces of wreckages had 

been discovered up to July 2. 1986 (see Attached Figure-22 and -27. and Photo-
17,-18,-19 and -20 ). 

2 . 5 Other Damage 
About 3,300 trees in the larch grove of about 3.22 hectares in the state 

forest located in Hontani. Narahara. Ueno Village, Tano County, Gunma Prefecture 
were brought down, cut off, or burnt down. 

' :..: 2. 6 Crew Information 
2.6.1 Plight Crew 
Captain Male 49 years old 

Joined JAL December 1, 1966: 
Acquired Airline Transport Pilot License No. 1125 July 4.. 1969 
Ratings and Limitations ·Boeing 74.7 July 1. 1975 

land single, land aul t iple. YS-11. · B-727, and DC 8; 
Qualified as captain who may authorize his copilot to fly aircraft from 
the left-hand seat(*) June 16, 1977; 
Holds Class 1 Medical Certificate No.12810242 valid until January 18, 1986; 
Total Flying Hours 
Flying Hours on Boeing 747 
Flying Hours last 30 days 
Latest Training received 

for rescue 

12.423 hours 41 minutes 
4,842 hours 22 minutes 

53 hours 46 minutes 

March 19. 1985 
on the ground (in study room) 
by flight simulator 

January 30 & March 26 1985 
June 27. 1985 

Latest Checks received 
Proficiency 
Route 

Copilot: Male 39 years old 
Joined JAL. April 18. 1970; 

June 28, 1985 
February 5, 1985 

Acquired Airline Transport Pilot License No. 2834. June 20, 1984 
Ratings and Limitations Boeing 747 May 23. 1979 

land single. land multiple, and DC 8; 
Qualified as left-seat copilot C*) June 4., 1984: 
Holds Class 1 Medical Certificate Ho.12553779 valid until November 11. 1985: 
Total Flying Hours 3,963 hours 34 ·minutes 
Flying Hours on Boeing 747 2,665 hours 30 1inutes 
Flying Hours last 30 days 46 hours 47 minutes 
Latest Training received 

for rescue Apri I 5, 1985 

-14-



on the ground (in study room) 
by flight si•ulator 

April 8 & 16, 1985 
May 5, 1985 

Latest Checks received 
Route July 19, 1985 

*(Note) In an ordinary flight, the captain flies the plane from the left-hand 
seat, and the copilot assists the captain in the right -hand seat. However. 
Director of Operation Crew Departaent for each tYPe of aircraft may, 
pursuant to a provision of company regulations, for the purpose of training 
the copilot for captainship or other reasons, approve the copilot to fly the 
aircraft fro• the left -hand seat ~s left -seat copilot, provided he has 
completed an established course of training, and that a captain experienced 
to a certain level is seated in the right -hand seat and supervises the 
copilot as captain capable of permitting the copilot to fly the plane fro• 
the left-hand seat. 

flight Engineer: Male 46 years old 
Joined JAL April 1. 1957; 
Acquired Flight Engineer License No.266 September 8, 1965 
Ratings and Limitations Boeing 747 November 7, 1972 

DC-6, B- 727. and DC 8; 
ttolds Class 2 Medical Certificate Ho.22552133 valid until Novembei 13. 1985; 
Total Flying Hours 9,831 hours 03 minutes 
Flying Hours on Boeing 747 3. 846 hours 31 minutes 
Flying Hours last 30 days 
Latest Training received 

for rescue 

41 hours 26 ainutes 

November 14. 1984 
on the ground (in study room) 
by flight simulaLor 

October 5 & Noveaber 28. 1984 
February l 0, 1985 

Latest Checks ·received 
Route 

2. 6. 2 Cabin Attendants 
Chief Purser 

August 27, 1984 

A Male 39 years old (seated Al) 
Joined JAL October 18, 1969 
Total flight hours 
Latest rescue training 

Assistant Purser 

10.225 hours 33 minutes 
December 6, 1984 

B Female 30 years old 
Joined JAL 

(seated A') 

Total flight hours 
Latest rescue training 

January 22. 1974 
5,704 hours 55 minutes 
June 25. 1985 

C Female 31 years old 
Joined JAL 

(seated Cl) 

Total flight hours 
LaLest rescue training 

January 17, 1975 
4,815 hours 43 minutes 
June 25. 1985 
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D Female 28 years old (seated A2) 
Joined JAL September 1. 1977 
Total flight hours 4.432 hours 13 minutes 
Latest rescue training June 25 . 1985 

position 
. 

E Female 30 years old (seated D2) of cabin 

Joined JAL December 1. 1977 at t endant s 

Total flight hours 3,161 hours 23 minutes 
Latest rescue training June 25. 1985 .. 

.. 
F Female 29 years old (seated El) 

Joined JAL January 5, 1978 
. . Total flight hours 4.227 hours 03 11inutes 

Latest rescue "training June 4. 1984 

G Female 27 years old (seated Bl) 
Joined JAL January 5. 1978 
Total f-1 ight hours 4.165 hours 54 minutes 
Latest rescue training January 9. 1985 Al AZ· 

H Female 28 years old (seated Dl) 

Joined JAL January 10. 1979 
Total flight hours 3. 541 hours 01 minutes ·a1 82 
Latest rescue training June 21. 1984 

Stewardess 
I Feaale 25 years old (seated C2) 

Joined JAL November 2 4. 1981 ·Cl ·CZ 
Total flight hou rs 2.179 hours 44 minutes 
Latest rescue training June 25. 1985 

J Female 26 years old (seated E2) 
Joined JAL May 20. 1982 ~Dl DZ. 
Total flight hours l . 610. hours 37 minutes 
Latest rescue training June 6. 1984 

K Female 24 years old (seated B2) El :-E2 
Joined JAL ·January 12. 1984 
Total fl i&ht hours 549 hours 19 minutes 
Latest rescue training June 25. 1~85 

L Fe.ale 24 years old (seated 02) 
· Joined JAL June 19. 1984 
Total flight hours 363 hours 41 minutes 
Latest rescue training December 27. 1984 
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3 
4 

686046 
685929 

2.7.3 Weight and Center or Gravity 

29.623 hours 35 minutes 
33.841 hours 58 minutes 

The gross weight or the aircraft at take-off is calculated as 527.333 
pounds and the center of &ravitY as 22.8% MAC. and both were within the 
prescribed liaits(the maximum take-off weight is 570,000 pounds; the center of 
gravity corresponding to the take-off weight is 14.4%-33. 0% MAC). 

2.7.4 Fuel and Lubrication Oil 
The fuel on board was JET-A/40 and engine lubrication oil was Mobile JET 

OIL-2. both being regular products. 

2. 8 Meteorological Information 
2.8.l Synoptic leather Conditions 

Synoptic weather conditions for the time zone related to the accident in 
Kanto and Koushin Districts and Shizuoka Prefecture, according to Meteorological 
Agency, were as follows: 

On the day of the accident. Honshu Island and its vicinity were covered by a 
Pacific lligh, but the atmosphere in these areas was somewhat unstable. and thunder ­
clouds were formed In afternoon hours in To~yo Metropolis and the western part of 
Saitama Prefecture, and the northern part of Gunma Prefecture. Heavy rain 
accompanied by the thunderclouds was observed, as much as 38 mm at Banba in Gunma 
Prefecture. and 30 1m at Ogouchi of Tokyo Metropolis for one hour from 1600 to 
1700 hours. 

The thunderclouds over the western part of Saitama Prefecture developed as 
high as 13,000 meters at maxi1u1 at about 1700 hours. and a heavy rainfall of 58 
mm was observed at Chichibu City for one hour from 1700 to 1800 hours. However. 
the thunderclouds declined thereafter, decreasing their height to 6,000 meters at 
1800 hours. and further weakened at 1900 hours. The rain at Chichibu City ceased 
to fall. and rainfall in some parts of Gunma, Saitama and Nagano Prefectures was 
limited Lo several milliaeters for an hour from 1800 to 1900 hours. 

The Thunderstor• over th·e northern part of Gunma Prefecture developed after 
dark. -but it had almost died out by 2200 hours. 

Between lzu Oshima Island and lzu Peninsula. weak cumulus was scattered over. 
locally with middle stratum clouds and upper stratu1 clouds. The wind was about 5 
mis from the south. 

2.8.2 Observations at related Airports 
Meteorological Observations at Tokyo International Airport. Yokota Airport. 

Nagoya Airport. and Shizuha.a Airport in· the time zone related to the accident 
were as follows: 
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Observed Location Tokyo International Airport Yokota Airport 
Observed Hour 1700 1800 . 1830 1900 1800 1900 
tind (degree/knot) 210/18 220/17 210/15 220/13 Calm Calm 
Visibility (ka) 40 40 40 40 50 50 
Present Weather showers 
Cloud Amount 1/8 1/8 1/8 5/8 2/8 6/8 
Cloud Fon . Cb Cu Cu Ac Cb Ac 
Ceiling (feet) 2.000 3,000 3,000 9,000 3,500 12,000 

7/8 3/8 3/8 7/8 2/8 6/8 
N Cl Ac Ac Ci Cu Ci 

- 9.000 9,000 - 3,500 20.000 
7/8 7/8 5/8 

;; Ci Ci Ac 
- - 12.000 

6/8 
;; Ci 

20.000 
Temperature (°C) 29 29 29 28 28 28 
Dew Point C"'C ) 21 21 21 21 23 23 
QNH (inch/Ilg) 29.91 29.93 29.93 29.94 29.96 29.97 ' 

Cb 50 k1 Cb 14 HM 
Reaarks Ml HI, 1ovi ns 

NE 

Observed Location Nagoya Airport Shlzuhama Airport 
Observed Hour 1700 1800 1830 1900 1800 1900 
lind (degree/knot) 180/7 210/4 220/10 Cali 240/5 250/5 
Visi bl l itY (kl) 10 10 10 10 60 40 
Present leather showers 
Cloud Amount .2/8 2/8 1/8 1/8 1/8 1/8 
Cloud Form Cu Cu Cu Cu Cu Cu 
Ceiling (feet) 1,300 1,500 1. 000 1. 000 2.500 2,500 

1/8 5/8 3/8 5/8 1/8 1/8 
N Cb Sc Cu Cu St St 

2,500 4,000 2,000 2,000 3,500 3,500 
6/8 7/8 7/8 7/8 2/8 3/8 

'" Sc Ac Ac Ac Ac Ac 
5,000 12. 000 12.000 10.000 10,000 10.000 

7/8 7/8 

'" Ci Ci 
25,000 25.000 

Temperature ("'C) 25 26 26 26 29 28 
Dew Point (°C) 23 24 24 23 25 24 
QNH (inch/Hg) 29.98 29.99 30.00 30.00 .29. 9·3 .. 29. 99 

ac.• Cb HE 
(Note) 

Tokyo International Airport. Yokota Airport and Nagoya Airport are located 
about 109 km ESE. about 66 km ESE and about 180 km ISi. respectively of the crash 
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site. 
Sizuhama Airport (Oigawa -Cho. Shita -Gun. Shizuoka Prefecture) is situated 

about 10 km south of the f light course of the aircraft at approximately 1831 hours. 

2.8.3 Radar Sketch Chart 
Tokyo Radar Sketch Charts(l800 hours and 1900 hours) by Meteorological Agency 

are shown in Attached Figure 23 and -24. 

2.8. 4 Briefing to Flight Crew 
The following are a summary of the weath~r information which was briefed to 

the crew of JAL Flight 123 by a JAL dispatcher: 
2.8.4.l The meteorologi~al synopsis is such that white a Pacific High is 

covering Japan proper and its vicinity , Typhoon 9 was located south of Okinawa 
with an indication of moving north gradually, causing a warm and moist air mass 
to flow in from the south so that the atmospheric condition is becoming unstable 
in western Japan and towards the south. and favorable to formation of cumulus 
type clouds. Although weather is cloudy or drizzly in western Japan. it is fine in 
Kanto Area. 

2.8.4.2 The current and forecast weather of Tokyo International Airport (the 
destination airport and the alternate airport ) and Osaka International Airport 
(the destination airport): · 

Tokyo International Airport. 1630 hours. wind 200° at 18 knots. visibility 
more than 10 km, 1/ 8 cumulus, 2.000 ft. 7/8 cirrus. temperature 30°C. dew point 
21°C, QNH 2990 inch Hg 

Forecast for 1500 hours to 1500 hours of the following day, wind 200° at 20 
knots. visibility more than 10 km . 3/8 cumu lus 1.400 ft. 4/ 8 altocumulus 11.000 ft 
5/ 8 cirrus 21.000 ft 

Temporary change for 1600 to 2100 hours. visibility 7 k1. shower. 6/8 
cumulus ] ,300 ft. 1/8 cumulonimbus 1,700 ft. 8/8 altocumulus 9,000 ft 

Osaka International Airport. 1630 hours. wind variable 4 knots. visibility 
more than 10 km. shower. 1/8 cumulus 2.000 ft. 3/8 cumulus 3,500 ft. 6/8 
stratocu~ulus 6,000 ft. temperature 28°C. dew point 25°C, QNH 29.92 inch Hg 

Forecast for 1500 hours to 1500 hours of the following day, wind 090° at 7 
knots; visibility more than 10 km. 2/8 cumulus 3,000 ft . 7/8 altocumulus 10.000 
ft 

Temporary change for 1500 hours to 2100 hours. visibility 7 km. shower. 1/8 
cumulus 2,000 ft, 5/8 cumulus 2,000 ft. 5/8 cumulus 3,000 ft , 7/8 altocumulus 
10 .000 ft 

2. 8. 4. 3 
On the day of the accident. the western Japan was covered by rain clouds from 

the early morning, and there was a well -developed cumulonimbus in the vicinity of 
Kowa. Aichi Prefecture. where JAL Flight 151 (New Tokyo lnternatiolal Airport 0745 
hours-Osaka International Airport 0850 hours) encountered severe turbulence. To 
avoid it. ·subsequent scheduled flight of JAL flew a route (Zama-Nagoya) deviated 
to the north from the regular route ·(Yokosuka-llamamalsu-Kowa). JAL Flight 121 
(Tokyo International Airport 1700 hours-Osaka In ternational Airport 1800 hours). 
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however took the regular route because the radar echo was judged as decreasing 
thereafter. 

Briefing of meteorological conditions en route was also given to ihe flight 
crew of Flight 123 by the dispatcher. The captain desired a flight plan on a route 
detoured to south than is normal (refer to 2.1 History of the Plight) for the 
reason that the radar echo near Kowa had not been cleared up and that almost no 
radar echo was found over the sea further south, and it was acknowledged by the 
dispatcher. 

2.8.5 Others 
2.8.5.l According to a witness who was of the captain of a Lockheed L-1011 (on 

a flight for Komatsu via Zama depart(ng .Tokyo International Airport 1831 hours), 
and who saw .the accident aircraft turning over the vicinity of Otsuki. Mt. Fuji 
above about its 8th station was visible, and there were no clouds at altitudes 
10,000-25 , 000 ft on the course including over the vicinity of Otsuki. 

2.8.5.2 Sunset at the crash site was about 1840 hours. 

2. 9 Aids to Navigation 
Functions and operational conditions of the aids to navigation related to 

the flight of the aircraft were normal during the related hours. 

2. l 0 Communications 
The aircraft was communicating with Tokyo Aerodrome Control. Tokyo Terminal 

Control. Tokyo Area Control. Tokyo Approach Control, and Flight Operations 
Department of Tokyo Airport Branch of JAL. According to communication records, 
contact with the aircraft was maintained up to approximately l minute and 30 
seconds before the crash, during which time the aircraft failed to respond several 
times and there were soae cases that the other aircraft used the sa~e frequency. 

Contents of the communications with the aircraft which are not included in 
the records of the cockpit voice recorder are attached as •Attachment 3 
"Communication Records with ATC Facilities· and Attachment 4 "Communication 
Records with Company" 

2 . l l Flight Recorders 
The aircraft was ' equipped with a Sundstrand Model 573A Flight Data Recorder 

(hereinafter referred to as DFDR). Serial No.3413 and a Collins Model 642C-l 
Cockpit Voice Recorder (hereinafter referred to as CVR). Serial No.2579. 

The DFDR was r~:overed, part of its outer case being crushed. and the 28 
meters of magnetic tape on which the digital signals of the flight was recorded 
was broken at spots shown in <D and ~ of Photo-10 l, and for about 1 11eter before 
and after the broken spot was found damage such as many s•all folds and wrinkles 
(see Photo-101). The flight records deciphered are attached as "Attachment 5 DFDR 
Record· . 

The CVR was also recovered. Although its outer case was crushed in part. 
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the voice- recording aagnetic tape was kept intact. The voice records deciphered 
are attached as •Attachment 6 CVR Record·. 

2. l 2 Responsive Actions of Cabin Attendants 
Responsive actions taken by the cabin attendants after the occurrence of the 

abnormal situation are summarized as follows. based on the CVR record and 
statement of survivors: 

Guidance by cabin attendants on how to put on anq use the oxygen mask was 
given to passengers without dealy iamediately after the abnormal situation 
occurred with the sound like ·bang·. This responsive action was continued up to 
about 1847 hours when the aircraft descended to about 10,000 feet. during wh ich 
time passengers were briefed on the flight information, etc, and the flight crew 
in the cockpit was kept inforaed of the status in the passernger cabin , and in the 
aft portion of the passernger cabin, cabin attendants were moving around checking 
the status passengers were using the oxygen mask, taking oxygen for themselves 
from empty oxygen masks in the cabin, not relying upon the portable oxygen bottle. 

After 1847 hours, guidance was Provided on how to wear the life jacket as 
well as shock -buffering attitude to be taken in preparation for an emergency 
landing (or an alighting on the water). 

2 . l 3 Medical 1 nforaat ion 
2. 13.l Injuries to Survivors 

Out of a total of 524 persons on board consisting of 509 passengers and a 
crew of 15. only four passengers (all female) survived, all being seated at the 
left side or near the center of seat row number 54 to 60 of aft fuselage (see 
Attached Figure-5). 

Medical inspection at hospital upon their rescue indicated that all four 
survivors were seriously injured with bone fractures at parts different for each 
due to strong impact from fhe crash, and subjected aore or less to a traumatic 
shock, which would require 2 to 6 months to recover completely . 

2.13.2 Recovery of Bodies 
For convenience's sake in describing the conditions in which bodies were 

recovered. seating i~ divided into the following five sections by seat row nuaber 
(see Attached Figure- 5) . 

A : The upper deck seats and No.1--No.8(8 row) 
B No.10-No.18(9 row) · 
C No.19--No.31(13 row) 
D No . 32--No.42(11 row) 
E No . 43--No.60(18 row) 

Bodies · in A and B sections were recovered mainly at the crash point as well 
as in its vicinity, while bodies in C sections were near the top or the ridge 
because C section turned over B section subsequent to crash of the damaged 
airframe. Bodies in D section were recovered in an extensive area right of the 
right forward slope of the ridge . Bodies in E section which fell down to the d~le 
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together with the damaged airframe were recovered concentrated withjn a narrow 
area with relatively less damage. The four survivors were also rescued from this 
section. 

2. 13.3 Damage to the Bodies 
Damage to the bodies in section A to D sections by severence. fire burn and 

carbonization was remarkable because they were subjected to severe shock from 
breakage of the airframe, and heat of fire. 

· On the bodies of passengers in E section. there was found comparatively 
little cosmetic damage, but autopsy indicated almost all of them suffered from 
total bruise. brain damage or bursting of internal organs, resulting in 
instantaneous or near - instantaneous death except for the four survivors. 

2 . 1 4 Survival Aspects 
2.14.l Search and Rescue Activities 
2.14.1.1 The Rescue Coordination Center of Tokyo Airport Office of Tokyo 

Regional Civil Aviation Bureau (hereinafter referred to as •the Coordination 
Center·) began to gather information with close coordination with Tokyo Area 
Control Center and . JAL. upon receipt of a report that an emergency occurred to JAL 
Flight 123 from the Area Control Center at 1826 hours. August 12. 1985. 

The Coordination Center. upon receipt of a report at 1859 hours from the 
Tokyo Approach Control that the target of the aircraft disappeared fro• radar 
screen at a point 59 nautical 111iles on a magnetic bearing of 308° from llaneda at 
1857 hours. forwarded the said in format ion to the Pol ice Agency. I ruma Rescue 
Coordination Center of Air Self -Defence Force, and Maritime Safety Agency, while 
Adm inist rator of the Tokyo Airport Office requested Commander of Central District 
Air Corps of Air Self-Defence Force as well as Superintendent General of East 
District Corps of Ground Self-Defence Force to dispatch their troops for calamity 
relief at 2033 and 2130 hours. respectively. 

Further•ore, the Rescue Coordination Center received approximately 1915 hours 
via Yokota Approach Control the infonation fro• a US Air Force aircraft (C-130) 
to the effect that a fire was found at a point 35 nautical miles on 305 radial of 
Yokota TA CAN. 

2. 14.1 .2 The Government. upon occurrence of the accident on August 12. 
established ·The JAL Aircraft Accident Counter•easure Headquarters·. of which the 
chief tas ~inister of Transport. with the intent of •akin& every possible effort 
toward rescue of survivors and recovery of re•ains with close coordination 
maintained between related organi£ations. 

Within Ministry of Transport. too, its accident countermeasure head-quarters 
was established, assigning the permanent vice-minister as its chief. imaediately 
after the accident occurred. 

2. 14. 1.3 The Police Agency, establishing ·August 12 JAL Crash Accident 
Countermeasure Headquarters· withing the agency im•ediately after the accident 
occurred, ordered the prefectural polices of Gunma, Nagano , Yamanashi. and Saitama 
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· Prefectures · within whose jurisdiction the crash spot might be located, to carry 
out confirmation of the crash site. search. and information collection, and 
instructed Tokyo Metropolitan Police Board, Saitama and Shizuoka Prefectural 
Polices and others to proyide supporting by their task force and helicopter fleet . 
In response to the orders, each prefectural police established their commanding 
system in an early stage, and developed. all night August 12 to 13. activities for 
confirmation of the crash site, search. and information collection. As a result 
of the searching activities focussed on areas on the boundary between Gunma and 
Nagano Prefectures by helicopters. wreckage of the JAL aircraft was found by a 
helicopter of Nagano Prefectural Police at approximately 0537 hours. August 13. 
and the crash site was confirmed. 

The Gunma Prefectural Police, carried out search and rescue for survivors. 
with the support of task forces. rescue units. helicopters from Tokyo Metropolitan 
Police Board, and Saitama and Nagano Prefectural Polices . 

The number of police-related personnel and equipment engaged in search and 
rescue August 12 to 13 were as follows : 

Personnel 
Vehicles 
Aircraft 

August 12 
about 2,500 
about 250 

August 13 
about 3,500 
about 400 

7 

2.14.1.4 The Self -Defence Agency, upon receipt of information from the 
Coordination Center to the effect that the target of JAL Flight 123 disappeared 
from the radar screen. judged the situation as an e1ergency, dispatched at 1901 
hours two jets in wait on the ground originally for the scra1ble mission. The 
aircraft had a flare in sight at a location which seemed to be the accident site . 
For more accurate confirmation of the location. the Agency dispatched 1954 hours a 
helicopter. who arrived over the site 2042 hours. The Agency instructed its Air 
Self-Defence Force and Ground Self-Defence Force to locate the crash spot and to 
prepare for movement to the calamity area. and to collect inforeation. 

Based on the instruction above as well as the request of Administrator or 
Tokyo Airport Office to dispatch troops for calaaity relief. Central District Air 
Corps of Air Self · Defence Force, and Eastern District Corps of Ground Self -Defence 
Force developed, all night froa August 12 to 13. 1ove1ent of .their party to the 
estimated crash site. confirmation of the crash point by helicopters. search, and 
collection of information. 

As a result of their research activities. wreckage of the JAL aircraft was 
found 0439 hours, August 13. and th~ crash site was confir1ed. 

The Self -Defense Agency carried out search and rescue of survivors on the 
surface as well as fro• the air, using members of Ground Self · Defence Force and 
Air Self-Defence Force . 

. The number of persons ·of the Agen~y engaged in the search and rescue and 
equipment used August 12 to 13 were as follows: 

Personnel 
Vehicles 

August 12 August 13 
about 1.000 about 3.200 
about 180 about 480 
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Aircraft about 10 about 30 

2. 14.1.5 The "Maritime Safety Agency received froa the Coordination Center on 
August 12 information to the effect that the target of JAL Flight 123 disappeared 
from the radar ·screen . 

Since they also received from the Coordination Center approximately 0230 
hours. August 13 the information that there was a possibility of passengers being 
sucked out due to the pressure difference in and outside the cabin should the door 
have been broken open. the Agency iamediately ordered their patrol boats out: and 
furthermore. from 0710 hours. dispatched their aircraft for search over the Suruga 
Bay and Sea of Sagami. 

The number of personnel and equipment of the Maritime Safety Agency engaged 
in the search on August 13 were as follows: 

Personnel 161 
Ships 6 
Aircraft 3 

2.14.1.6 The ·Fire Fighting Headquarters of the Tano Fujioka Extensive Municipal 
Zone Reclevelopment Association (hereinafter referred to as ·Tano Fujioka Extensive 
Fire Fighting lleadquarters·). instructed, about 1955 hours August 12, Ueno Village 
Fire Sub -station and Oku Tano Fire Branch in whose jurisdiction the JAL aircraft 
might have crashed, to carry out information gathering and search activities; and 
set up the Fire Fighting Center for aissing JAL Aircraft about 0230 hours August 
13. Based on the above instruction. the initial search was conducted on the area 
including Nakanosawa. Budou Pass. and Ryouginyama using three vehicles; and after 
the crash site was confirmed in the early morning , an advance troop of 7 was 
headed for the crash site froa Mototani Woodland Path Terminal and engaged in 
search and rescue of survivors . 

The Tano Fujioka Extensive Fi re Fighting Headquarters arranged ambulances for 
carriage of survivors one at Ueno Village General Ground. and three (one of the• 
belonging to a private hospital) at Fujioka First Priaary School's Ground. 

2. 14 . l . 7 The Gunma Prefecture Chapter of Japan Red Crbss Society, after the 
JAL aircraft accident occurred August 12, endeavored to gather information in 
close coordination with the Fire Fighting and Calamity-Preventive Section of Gunma 
Prefectural Government and Gunma Prefectural Police. and ordered their three 
relief squads to be on stand - by alert. 

Thereafter. the chief of the red cross chapter (Governor or Gunma Prefecture) 
ordered the relief squad out. based on the information that the JAL aircraft 
crashed .. 

The relief squads departed for Ue no Village , and upon arrival at the Ueno 
Village Hall, it was brought under the co•mand or Chief of the Countermeasure 
eadquarters at Si~e for JAL Aircraft Crash Accident of Gunma Prefectural Police 
(Director of Gunma Prefectural Police), and set up a frist aid station at the side 
of Ueno Village General Ground . 

The above headquarters at the site. after the presence of survivors was 
confi rmed . requested the Relief Squad to dispatch 2 doctors and 2 nurses. 
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The relief team flew over the site by a helicopter of Tokyo Metropolitan 
Police Board and descended to the ground by a hoist. They administered first aid 
treatment to the four survivors at the site. treatment at Ueno Village General 
Ground. and intravenous drip injection during the airlift from the Ground to 
Fujioka City First Primary School's Ground. etc. Persons called out of the relief 
squad on August 13 totaled 20. 

·2.14.l.8 Gunma Prefecture municipalities including Fujioka City and Ueno 
Village together coordinated extensive search and rescue measures. 

2.14.l.9 Ueno Village Fire Corps issued a standby order to its 6th. 7th and 8th 
team about 2305 hours August 12. because the JAL aircraft was estimated to have 
crashed in the vicinity of Ueno Village, and thereafter extended the standby order 
to all teams in the early morning of August 13. 

About 0600 hours August 13. all teams were ordered to rally at Ueno Village 
Middle School. and about 0630 hours. all teams. approximately 160 persons were 
headed for the crash site in two groups. 

Upon arrival at the crash site. all teams were engaged in search and rescue 
for survivors. 

2.14. 1.10 Ueno Village Hunters Association was requested by Gunma P~efectural 
Police. slightly before 2100 hours August 12. to provide guidance service for the 
mountainous search. Members rallied at Uen6 Village Hall waiting for the arrival 
of a task force of the Prefe~tural Police. and upon its arrival. they guided the 
task force to the site taking two different routes . 

After arrival at the crash site. they were engaged in search and rescue of 
survivors. Members called up of the Association totaled 11. 

2.14.2 Situation from Discovery of Survivors up to their Rescue and 
Acco1111odation 

Various reports by th~ related units and personnel are synthesized as follows: 
After the crash site was confirmed, comprehensive search and rescue activities 

were energetically extended throughout the crash site in a steep mountainous 
region by Police, Self-Defense Forces, Ueno Village Fire Corps, Ueno Village 
Hunters Association, Tano Fujioka Extensive Fire Fighting Headquarters. etc. 

As a result of these activities, at approximately 1045 hours August 13. 
survivors were discovered on the third branch of Sugeno Dale where wreckage was 
widely scattered, and four survivors were rescued up to 1140 hours from among 
wreckage scattered about 4 11eters x 4 meters by cooperative act ions of search 
teaMs or the above-mentioned organizations. All the survivors left the accident 
site at 1329 hours on board a large helicopter of Ground Self-Defense Poree to 
Ueno Village General Ground. where they were given first aid treatment. and from 

. there they were carrie'd to Fujioka City First Primary Schoo·!' s Ground by the above 
helicopter and a helicopter of Tokyo Meteropolitan Fire Fighting Board with two on 
board each. 

Thereafter. they were carried by two ambulances to a hospital in Fujioka City 
at 1413 and 1417 hours. 
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2 . 1 5 Tests and Research to Verify Facts 
2.15.1 Inves tigation of Damage to Aft Airframe 
2.15. l.1 Outline 

Reconstruction was conducted on the airframe wreckage aft of the vicinity of 
BS2200 in the investigation of wreckage of the aircraft, on the assumption that an 
irregularity occurred in the aft airframe during the flight, from the fact that 
the vertical fin and a portion of the aft fuselage were discovered from Sagami Bay 
as well as from the records of DFDR and CVR. 

The reconstruction was carried out mainly on wreckage of the structure. and 
functional components. passenger cabin interior materials, flooring and seating, 
etc were not reinstated. Recovered wreckage was restored as much as possible. but 
some of the fragment was unidentifiable because of substantial damage. 

The reconstruction was conducted separately for aft fuselage, vertical fin, 
horizontal fin. and aft pressure bulkhead. 

The aft fuselage was reconstructed by assembling the wreckage three­
dimensionally (see Photo-21 and -22). 

The vertical fin was reconstructed by spreading the wreckage, mainly of the 
forward torque box. on a stand(see Photo-23) . The rudder was not reconstructed 
because the wreckage recovered was insufficient . 

As to the horizontal fin. for convenience of transport. the elevators had 
been removed. and the horizontal stabilizer separated into eight parts. Each 
elevator was spread on a stand. and the divided horizontal stabilizer was spread, 
enclosed in a wooden framework. 

The aft pressure bulkhead was reconstructed by assembling its wreckage 
separate! y froa the fuselage (see Photo-24). 

(1) Damage to the aft ·fuselage is shown on Attached Pigure-25 and -26. 
( 2) Damage to the vertical fin is shown on Attached Figure-27 and -28. 
(3) Damage to the horizontal stabilizer is shown on Attached Figure-30 and 

-31. 
( 4) Da111age to the .aft pressure bulkhead is shown on Attached Figure-32 . 

2.15.l. 2 Investigation of Damage to Aft Fuselage 
( 1) The aft fuselage was substantially damaged in the structures on the right 
side surface and the under surfAce. The damage was especially significant below 
RS door and between FS2360 (to which the aft pressure bulkhead is attached) and 
852484. and there were many small pieces of wreckage whose location could not· 
be specified froa restoration. 

(2) The fuselage structure (including the APU fire wall) aft of BS2658 (to 
which APU fire wall is attached) was not found in the recovered debris. It is 
noted that the APU air intake duct attached to this part of structure was 
recovered from Sagami Bay. 
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(3) ln 8S2360. the ringform chord of a Y-section (hereinafter referred to as 
My- chord. see Flgure-1) retained on the whole its original circular form. 
although partly bent. 

Figure-1 Cross Section of Joint of Y Chord and Fuselage 

inner cap 

art pressure bulkhead web 

fuselage skin 

(4) A major part of the inner cap (a ringform angle or L-section having 
lightening holes) attached inside of, and along the Y chord was fractured and 
separated from the Y chord, and the rivets connecting the inner cap with Y 
chord were sheared off by forces at right angles to their shanks . 

(5) Fractures along the circumference or 8S2658 (where APU fire wall is 
attached) were as follows: 
(see Figure-2 for fuselage stringer numbers at 8S2658; see Figure-3 Cor 
cross section of the Joint of APU fire wall and fuselage) 

Figure-2 Cross Section of 8S2658 where APU Fire hll is attached 
(as viewed from the rear) 
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Figure-3 Cross Section of Joint of APU Fire lall and Fuselage 
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(a) Between fuselage stringer lL (hereinafter stringers are represented by 
abbreviation only, where L indicates left side, and R right side) and lR. the 
forward angle. doubler . and forward fuselage skin were all fractured on 
fastener row CD (see Photo- 33). 

(b) Between 2R and 7R.both angles were partially fractured at the L section's 
corner (hereinafter referred to as ·corner·). but the hinge support channel of 
the APU air intake duct reaained attached. 

The hinge support channel originally fixed in parallel to the APU fire 
wall (at right angles to the fuselage skin) were bent backward at the joint 
with the doubler (see Photo-34). 

In the vicinity of 7R, a few fragments of the APU fire wall. remained 
attached. 

(c) The port ion Near 9R reaai'ned, the cross sect ion shown in Figure-3 being 
kept unchanged. From llR through lSAR a fracture was found on fastener row <2>. 
only the doubler remaining in the rear. The doubler was fractured on fastener 
row ~ by tens ion (see Photo- 35). 

(d) In the vicinity of 15AR there was a ~light portion where the forward 
angle. doubler and forward fuselage skin were all fractured on fastener row CD. 
but from there to 23R the cross sect ion as shown in Figure- 3 was kept 
unchanged, and fragments of the APU fire wall. although few. were remaining. 

(e) From 23R to 49R. the forward angle was fractured at the corner. and aft 
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thereof only the doubler was rema)ning. 
Many of fastener holes in the doubler were elongated in the longitudinal 

direction. and bending of the doubler itself outward of the fuselage was 
observed (see Photo- 37 and - 38). 

(f) Near 3L . all other than the doubler were fractured at the corner of the 
forward angle. Fasteners remained on the doubler (see Photo-39) . 

(g) From the middle of 4L and SL to 7L, the cross section as shown in Figure 
-3 was unchanged and part of APU f ire wall was remaining . 

(h) Prom 9L to 16AL. all except the doubler were fractured at the corner of 
the forward angle. fasteners remained on the doubler (see Photo-40). 

(i) From 17AL up to 421.. the forward angle. doubler. and forward fuselage 
skin were al I fractured on fastener row 1 (see Photo- 41) . 

(j) Prom 46L up to 49L. except than the doubler were fractured at the corner 
of the forward angle. Many fastener holes were elongated in the longitudinal 
direction. 

Bending of the doubler outward of the fuselage was observed (see Photo 
-42). 

2.15.1.3 Investi gati on of Damage to Vertical Pin 
(1) Vertical Fin Forward Torque Box 
(a) In that part of the vertical fin forward torque box above FS395 recovered 
from Sagami Bay, part or the skin of the honeycomb structure was peeled off 
and the apex was damaged, but there was little damage to the front apex chord 
and web, and on the whole the box s~ructure was retained. 

The portion below PS395 was broken into five large parts including the 
dorsal fin. and most or the front spar web was fractured and separated from 
the spar chord. Most of the ribs were also fractured and separated froa the 
forward torque box skin. 

(b) In most part of the left side front spar chord of the forward torque box 
above FS395, the skin of the vertical fin's aft torque box was fractured 
immediately aft of the spar chord. leaving some skin on the spar chord side. 
The skin which remained on the spar chord side was bent outward (see Figure-
4a and the arrow In Photo-44).' Above the vicinity of FS545, there wasp.art 
where the head of rivets connecting the aft torque box skin and the spar 
chord was broken o.f by a force applied in its shank direction. and the skin 
was separated (see Figure-4b and the arrow in Photo-45) . 

(c) The right side front spar chord .o.f the for:ward torque box above FS395 was 
fractured for alaost half of its entire length in the saae state as shown in 
Figure- 4b(see t he arrow i n Photo- 46). A very saal 1 number of rivets near PS 
545 were found sheared off by force at right angle to their shanks (see Figure 
-4c and the arrow in Photo-47). Near PS495, the aft torque box's skin was 
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torn off and fractured. and there were parts where fragments remained 
connected to the spar chord (see Figure- 4d and an arrow in Photo- 48). 

Figure-4a Pigure-4b 
FID 

FJO 

L Inside -forward torque box skin 

S.Par web S.Par web 

I 

S.Pa·r code 

spar code 

F igure-4c Figure-4d 
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(d) The end fitting ac the fuselage side of the tie rod link connecting the 
vertical fin's auxiliary span with the fuselage was fractured at the neck of 
an eye bolt. but no evidence of fatigue fracture was recognized on the 
fracture surface. and the fracture would have been caused by tension. Its 
end fitting on the auxiliary spar side. including the attaching bracket, was 
fractured and separated. and has not been recovered. 

(2) Vertical Pin Front Spar 
(a) The following parts of the vertical fin front spar chord were remaining: 

(see Attached Figure-34) 
Left Side: The part FS295 TO PS420 was connected to the forward torque box. 

out of which the portion about 30 cm above FS295 to FS395 retained 
the T-section for•. 

Right Side: The part fro• FS169 to FS220 was connected to the skin of the aft 
torque box (separated from the forward torque box). The portion 
from PS245 to FS395 retained the T-section form, and was 
connected to the forward torque box. 

(b) As to rib angles on the front spar side of the ribs between the front 
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spar and the rear spar, the parts as shown in Attached F ig'ure- 34 were 
recovered in a state of being connected to the front spar web. These rib 
angles were, except for those connected to FS545. FS445 and FS195 (ref er to 
Photo-49. -53 and -56). all fractured at the L-section corner (see Photo-
50,-52.-54 and -57). 

A macroscopic observation of these fracture surfaces indicated that the 
fracture would have developed as a whole starboard to port. 

(c) At the following locations on the rear surface of the front spar web (the 
surface to which the rib angles are attached) were found abrasions which would 
have been caused at the time the rib angle was fractured: 
(see Attached Figure-34) 

1) above FS445 (see Photo-53) 
2) above fS420 (see Photo-54) 
3) above FS220 (see Photo- 55) 
4) above FSl 69 (see Photo- 56) 
5) above FS143 (see Photo-57) 

(3) Vertical Fin Aft Torque Box 
(a) The skin attached to the rear spar was not recovered except for the lower 
skin which was recovered attached to the fuselage structure (see Attached 
Figure- 27 and - 28) . 

(b) An observation by the electron microscope with the replica method of 
fracture surfaces of the lower skin and stringers recovered connected to the 
fuselage structure revealed no fatigue fracture on the1 . Also. a macroscopic 
observation of the stringer surface indicated that the fractures would have 
developed from inside to outside. 

(c) A part of the skin (to which some of stringers of 2L to SL are attached), 
recovered from beneath the flight path, of the vertical fin aft torque box was 
bent to the outside both longitudinally and laterally . A macroscopic 
observaiion of the fracture surface of the skin and stringers indicated that 
the fracture would have developed from inside to outside. 

2.15.1.4 
(1) 

Investigation of Da1age to Uorizontal Stabilizer 
The horizontal stabilizer. for both the right and the left side, were not 

subjected to significant da1age except for damage to the leading edge near its 
base to the fuselage, forward torque box and the tips. 

The left hand outboard ele¥ator and the some portion of the both forward 
torque box (including the fairing) near the base to the fuselage were fractured 
and separated fro• the horizontal stabilizer. but these were otherwise intact. 

(2) Left Leading Edge and Forward Torque Box 
The portion from near SS195.25 to near SS310 was crushed by a force fro• 

the front (see Photo- 60) . 

(3) Right Leading Edge and Forward Torque Box 
The ponion from near SSl67.73 to near SS285 was crushed by a force from 
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the front (see Photo- 61). 

(4) The right stabilizer tip portion between SS510 and the tip was crushed by 
a force from the front. but there was no significant damage to the left 
stabilizer tip portion except that a part of. the honeycomb structure at the 
upper surface was missing (see Photo- 62 and -63). 

2.15.1.5 Investigation of Damage to Aft Pressure Bulkhead 
(1) Structure of .Aft Pressure Bulkhead 
The aft Pressure bulkhead is a semi-spheric structure about 4.560 mm in 
diameter 2,560 mm in radius of curvature. and 1.390 mm in height of dome. 

The main structure of the aft pressure bulkhead is such that 18 webs 
(fan -shaped) are assembled in a dome shape , and thereon are arranged 4 straps 
(strip-shaped) concentrically, 36 full-length stiffeners (for reinforcement) 
radially, further arrayed therein short-length stiffeners. all these elements 
being riveted down to form a single body. 

In this report. the following numbers are given to the structural 
components for identification as viewed the aft pressure bulkhead from the 
rea r : 

Setting 12 o· clock and 6 o· clock as O and 36, respectively, stiffeners are 
named clockwise Zero. Rl. R2. R3. • • • • and counter-clockwise Ll. L2. L3. • • 

The stiffener portion where the fan-shaped web is connected is designated 
as joint. and the stiffener portion between joints as reinforceaent. being 
prefixed by the stiffener nu•ber. (Examples: L18 joint. L20 reinforcement) 

In L18 Joint. the upper side fan-shaped web and the lower side fan -shaped 
web are referred to as the upper web and the lower web. respectively; web 
portions sectioned by each strap and stiffeners were designated sequentially 
as Bay l. Bay 2. Bay 3. Bay 4. and Bay 5 from the outer margin of the bulkhead 
to the center. Rivets fastened on the joint are also named sequentially as Ho . 1, 
No.2 . Ho .3 • • • from the outer margin toward the center. 

Straps are designated sequentially No . I. No.2 , Ho.3. and No. 4 from the 
outer margin of the bulkhead toward the center. 

(2) The aft pressure bulkhead, ·as see shown in the da•age chart (Attached 
Figure-32). was broken into six main parts, with auch complex damage to lower 
parts. The damage to each part was as follows: 

(a) Part 1 (see Photo- 64 and - 65) 
R6 joint. L2 joint and outer aargin of the webs (fractured at No.2 rivet 

row in the connecting section with the Y chord) were all in such a state as 
the fracture would have been caused by tension. ·rhe portion between the second 
and the third strap was bent towards the non -pressurized side. 
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Some of structure from th~ fourth strap to the centei side was not 
recovered. but the fracture surface was in such a state as the fracture would 
have been caused by tearing. 

(b) Part 2 (see Photo- 66 and - 67) 
Jeb margins were all fractured at No.2 rivet row in such-a state as the 

fracture is estimated to have been caused by tension. The web's fracture 
surfaces on the center side were also In a fractured state estimated to have 
been caused by tension. Between the second and the third strap, there was a 
large bend leading to the damage in Part 1. The portion outside of the first 
strap and surrounded by Ll6 reinforcement and Ll8 joint (Part 2A) was 
fractured and separated (see Photo-68 and 69). This part contains the passage 
the bundle of electrical wires . 

Refer to ·(7)1nvestigation on Fractured Su~face of Aft Pressure Bulkhead· 
for the state of fracture of Ll8 joint. 

(c) Part 3 (see Photo- 70 and - 71) 
The fractured surface of webs along R34 joint. R30 joint and R32 

reinforcement were in such a state that the fracture is estimated to have been 
caused by peel-off or tear-off. Webs near the hydraulic piping passage(between 
L30 and L32) and the APU high pressure air duct passage were fractured and 
separated by tear-off. Most of the web's outer margins were fractured at No.2 
rivet row, but the portion from L18 joint to L22 foint was in a fractured 
state estimated to have been caused by tear-off. The portion from L32 
reinforcement to R33 reinforcement was buckled by a force from below. 

(d) Part 4 (see Photo- 72) 
From Rl8 joint through to R33 reinforcement. webs were united to the 

fuselage by the Y chord. but were fractured on a circumference near the Y 
chord. 

(e) Part 5 (see Photo~ 73 and - 74) 
This is the part leading to the center side of Part 4. Each fracture 

surface was in such a state that the fracture was estimated to have been 
caused by tearling or peeling. 

(f) Part 6 (see Photo- 75 and - 76) 
The fracture at R6 joint was caused by tension at the rivet row. but 

fractures at Rl2 reinforcement and the lower portion were estimated to have 
been caused by tear-off. The outer margins were connected to the fuselage skin 
by the Y chord (Photographed is the fuselage skin cut off for convenience of 
trans port). 

(3) Breaking and Bending of Aft Pressure Bulkhead 
(a) The aft pressure bulkhead was broken and bent to a largo degree toward 
the non-pressurized side between the second strap and the third strap. The 
breaking and bending extended archwise from RS reinforcement anticlockwise to 
LIO joint. viewing the bulkhead from the rear. The web was broken open between 
LlO joint and Ll2 reinforcement. From this opening along LlO joint up to the 
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third strap the web was fractured and a·gain along the thira strap it was 
broken and bent toward the non -pressurized side up to L18 joint. Furthermore. 
there were shallow contact scars on the web surface froa Ll2 reinforcement to 
Ll6 reinforcement almost on an extended line of the former breaking and 
bending (see Photo-77 to -83). 

(b) A measurement of the distance along the spherical surface of the above 
breaking and bending from the web's outer margin (fractured at No.2 rivet row) 
showed that it was 1,350 am at RS reinforcement. 1,300 ••at 0 reinforcement. 
and 1.200 mm at LlO joint. 

(4) Appearance of Lower leb Edge at L18 Joint 
At L18 joint the lower web edge had been cut off between the first and the 
third strap about 1. 050 mm along the web edge with a width of about 20 mm at 
right angles thereto (see Attached Figure-36 and Photo-84). The cut-off 
portion expressed in rivet numbers was from Ko.30 to No.83. 

In the cut-off position. an aluminum filler about 0.9 mm in thickness had 
been inserted and riveted to the stiffener together with the upper web. The cut ­
off of the lower web edge was made in the repair work related to the accident 
which occurred to the aircraft June 2. 1978. 

(5) Rivet Row at L18 Joint 
(a) At the lower web edge of Ll8 joint. the edge distance of the rivet hole 
gradually decreased from the outer margin toward rivet No.29 as well as from 
the center toward rivet No.84. The edge distance near portion where the web 
edge had been cut off were as follows: 
(see Photo- 85 and - 86) 

(Remarks) ln this Report. the edge distance is defined as the shortest distance 
from the edge of the rivet hole to the edge of the web. 

Rivet No. Edge Distance(1111) 
No.25 3.0 
No. 26 3.6 
No.27 unable to measure due to fracture 
No.28 ,,,, 

No. 29 ,,,, 

No.8-4 3.5 
No.85 2. 9 
No.86 4.6 
No.87 3.5 
No.88 4.9 

(b) Edge distances at the upper web edge of Ll8 joint were all more than 6 •• 
except for rivets Nos.28. No: 29. No.47. No . 63. "o.107 and No.120 (excludes 
the rivet holes for which the measurement was iapossible due to fracture or 
other reasons). 
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(c) Most or rivet holes along the line or the fracture in the upper web were 
fractured by tension load , and the holes were transformed into an elliptical 
shape . The aajor axes were measured as fo llows : 

Rivet No. Average Major Standard 

No . 2- No . 30 
No . 31 - No. 82 
~o.83-No.136 

Axes (mm) Deviation(am) 
5. 05 0. 38 
4.78 
4.75 

0. 26 
0. 25 

Max . Major 
Axes ( 11111) 

5. 9 
5.4 
5. 5 

Out or the above. sections between the following rivet holes were in such a 
state that the fracture was estimated to have been caused by heavy tension: 

Rivet No. Average Major Standard Max. Major 
Axes (mm) Deviation(mm) Axes (mm) 

No. 14- No. 27 
No . 123- Ho.136 

5.3 0. 25 5.9 
5.0 0.25 5 . 5 

(d) The diameter of the rivet holes of the lower web along the line of the 
fracture in the upper web were measured as follows : 

Rivet No . Average llajor Standard 

No . 2- No. 30 
No . 31- No. 82 
No. 83-No. 136 

Axes (mm) Deviation ( mm) 
4.95 0. 42 
4. 68 
4. 63 

0. 16 
0 . 18 

Max . llajor 
Axes (mm) 

5 . 5 
5 . 1 
4. 9 

( e) The riveting was, on the whole, found somewhat irregular. 

(6) Investigation on Qualities of Structural Materials of the Aft Pressure 
Bulkhead 

An investigation was carried out on conformity or webs. stiffe"ers, straps 
and rivets composing the structure of the aft pressure bulkhead to the aircraft 
manufacturer's specifications for materials and the materials standards. 

Specifications for the structural materials are as follows: 
Upper Yeb Aluminum Alloy 2024-T42 clad. about 0.8u thick 
Lower Web • • • Aluminum Alloy 2024-T42 clad. about 0. 9H thick 
Straps • • • Alu•inum All oy 2024 - T3 clad. about 1.0mm thick 
Stiffeners. full-length type • • • Aluminu11 Alloy 2024 - T42, about 2. 41nm 

thick. Z· shaped Section 
St iffeners. short · lcngth lYP~ • • • Alum inu• All oy 2024 - H2 . about 1.0 H 

thick. LI Z-shaped Section 
Rivets • • • Alu•inu• Alloy 2017-T3. BACR15BB•D 

Investigated ite•s were cheaical analysis, metallurg i cal str~cture inspection, 
mechanical properties test. etc . As for the clad materials. its core material was 
subjected to investigation . 

Sa11ples was 1ade as follows : 
Samples 

upper webs 
lower webs 
straps 

Taken Froia 
near Ll7 st i ffener 
near R27 stiffener 
No . 2 strap 
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stiffeners 
rivet 

(a) Chemical Analysis 

Ll8 stiffener 
location No.29 on Ll8 stiffener 

Fe, Cu, Mn, Mg, Si, Cr, Zn and Ti were quantified by atomic absorption 
spectrometry as well as by emission spectrochemical analysis. 

For rivets, quantification was made only by atomic absorption 
spectrometry. 

Results of the chemical analysis are shown in Table 1. 
As shown in Table-l. the upper and the lower webs, straps , and stiffeners 

are verified as normal 2024 aluminum alloy, and rivets as normal 2017 aluminum 
alloy. 

The results in Table-l 1et also specifications for 11aterials prescribed by 
the aricraft manufacturer and the materials standards. 

(b) Inspection on Microstructure 
Microstructures were inspected by optical microscope for the upper and the 

lower webs, straps and stiffeners on three cross sections perpendicular with 
each other : parallel to the plane, and vertical to and parallel to the 
direction of roll; and of the rivets on the longitudinal cross section. 

Micrographs of the sect ions for these materials are shown in Photo-102 to 
-106 . 

As evidenced by these photographs, there were no abnormalities recognized 
on microstructures of the upper and lower webs, straps, stiffeners and rivets . 

(c) Hardness Test 
Vickers hardness was measured for the upper and lower webs, straps and 

stiffeners on a cross section parallel to the plane surface. 
Vickers hardness was also measured for the rivets on the longitudinal 

sect ion. 
Results of the hardness test are shown on Table-2 and Figure-5. 

(d) Tension Test 
A tension test was conducted at room temperature for the upper and lower 

webs, with standard test pieces. three for each, whose axis is vertical to the 
roll .ing direction . 

Results of the tension test are shown on Table-2 . 
The test results met specifications of the aircraft manufacturer of the 

materials as well as the Materials standards. and said materials were 
verified as normal. without any ~ontradiction in the trend between properties 
of the above materials. 

(e) Investigation on Material Quality by Measurement of Conductivity 
Electric conductivity of each structural aaterials of the upper and lower 

webs, straps and stitfeiers w~s 1easured fdr the purpose of determining 
suitability of heat treat1ent in the •anufacturing stage as well as 
investigation of subsequent thermal history. 

Results of the 11easurement are shown in Table-3. 
The results on the stiffener included one measurement which did not fall 
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within the allowance with a slight deviation. But no ~roblem in the heat 
treatment process was recognized with regard to said material. judging from the 
results of measurement at other points of the same structural miterial. 

Based on the results of the conductivity measurement. combined with the 
results of the hardness test in item (c) above. it is estimated that normal 
heat treatment had been given to the structural materials of the aft pressure 
bulkhead. It is hard to presume that inappropriate heat treatment was accorded 
such as to exert a bad influence on the structural strength of the aft 
pressure bulkhead materials in the working process. 

It is also estimated from these results of measurement that it had had no 
subsequent thermal history, such as from a fire. 

Table-l Chemical Composition (weight ratio in%) 

Structural s i Fe Cu Mn Mg Cr Zn Ti Al 
Materials 
upper web 0.19 0.32 4.39 0.69 1. 26 0.018 0.077 0.043 Balance 
lower web 0.21 0.28 4.39 0.56 1. 35 0.017 0.061 0.031 Balance 
straps 0. 18 0.30 4.83 0. 63 1. 36 0.025 0. 180 0.034 Balance 

Aircraft Max. Yax. 3.8 0.30 1. 2 Max. Max . Max. 
Manufacturer's 0.50 0.50 thru. thru. thru. 0. 10 0.25 0. 15 Balance 
Specifications 4.9 0.9 l. 8 
QQ-A- 250/5 

Equivalent to ALUMINUY ALLOY ALCLAD 2024 ( CORE ). JIS A2024PC ( CORE ) 

Stiffener 0. 21 0. 31 4. 57 0. 61 l. 44 0. 024 0.160 0.041 Balance 

Aircraft Max. Max. 3.8 0.30 l. 2 Max. Max. Max. 
Manufacturer's 0.50 0.50 thru . thru. thru. 0 .10 0.25 0. 15 Balance 
Specifications 4. 9 0. 9 l. 8 
QQ-A- 200/3 

Equivalent to ALU~INUM ALLOY 2024. JIS A2024P 

rivet 0.30 0.50 3.90 0.55 0.49 0.024 0.048 0.022 Balance 

Aircraft 0.20 Max. 3.5 0.40 0.4 Max. Max. Max. 
Manufacturer's thru. 0. 7 thru. thru. thru. 0. l 0 0.25 0. 15 Balanr.e 
Spec i fie at ions 0.8 4. 5 1. 0 0.8 
QQ-A-430 

Equivalent to ALU~INUM ALLOY 2017. JIS A2017l 
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Table-2 .Mechanical Properties 
Structure 0.2% Stress IT ens i le St r -Elongation Vickers Remarks 

MPa(ksi) engh MPa(ksi % Hardness 
upper web 
Average 269(39. 0) 403(58.4) 17. ~ 134 0.82mm thick 

test piece-! 266 405 18.6 Clad 
test piece- 2 276 406 - 0.052mm thick 
test piece- 3 265 399 16.2 (6.4%) 

lower web 
Average 293(42.5) 423(61.4) 18. 5 141 0.90mm thick 

test piece- l 294 425 11. 8 Clad 
test piece- 2 292 419 19. 9 0.058mm thick 
test piece- 3 292 425 17.8 (6.4%) 

Strap 14 3 . l.03mm thick 
Clad 0.045mm 
thick (4.4%) 

Aircraft Mnfct rs Min. Min. Min. For 0. 53- 1. 58mm 
Specifications 234(34.0) 393(57.0) 15 thickplate.Clad 

QQ- A- 250/5 thickness requi -
BAC 5946 *126-163 ed i s Mi n . 4 % . 

ALUMINUM ALLOY ALCLAD 2024 (CORE). equivalent to JIS A2024PC (CORE) 
Stiffener 140 tli{]J 2.50mm 

Aircraft Mnfctrs 
Specifications *12~-163 

QQ-A-200/3 . 
ALUMINUM ALLOY 2024. equivalent to JIS A2024P 

see 
Rivet Chart - 5 

Aircraft Mnfct r~ <> 

Specifications 
QQ-A- 430 

ALUMINUM.ALLOY 2017. equivalent to JIS A2017W 
*The Vickers hardness 126-163 are converted from HRB 70.0-83.5. 

Table-3 Measurements of Conductivity ( %1ACS) 
Structural Measured Points Allowances 
Parts A B c D E 

Upper Web 
(202·4-T42 clad) 31. 0 31. 2 31. 2 30.6 31.1 29.4-34.4 
Lower Web 
(2024-T42 c I ad) 32.5 32.3 31. 8 32.2 32.3 30.7-35.2 
Strap 
(2024-T3 clad) 30.9 31. 0 31. 0 31. 2 31.1 30. 9- 34. 8 
Stiffener 
(2024"-T42) 29.0 29.3 . 28:8 29.3 ·29. 2 29.0-32.0 

%!ACS : PERCENT INTERNATIONAL ANNEALED COPPER STANDARDS 
being in accordance with Processing Specification of Aircraft 
Manufacturer: BAC 5946 
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Figure - 5 llardncss l>istribulion of L18 Stiffener iii No.29 !Uvet 
BA"cnt5BB· I> Aluminum Alloy 2017-TJ 
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Basnd on the results of the testing including the chemical. a1111lrsis. 
microstructure inspection. and mechanical properties test above , it is verified 
that qualilies of the structural materials ust~d in the aft pressure bulkhc;id 
mnt spncificaLions for 111aterials of Llw aircraft manufacturer. and materials 
standards. 

(7) Investigation on Fracture Surfaces of the Aft Pressure Bulkhead 
The aft pressure bulkhead was broken. as shown in figure-6. into 6 

principal blocks. An electron-11icroscopic observation was curicd out by use of 
the reprica-11ethod on fracture surfaces <>f the major fracture lines which seem 
to ht~ straight (including the peripheral portion). 

Especial Ir along Lhc fracture I ine of 1.18 splice. the fracture surface 
analysis was conducted for overall lr.ngth <lirnctlr by scanning electron 
microscope. 
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Fi&ure-6 Major Fracture Lines 
Major fracture lines. indicate points observed by electron 
microscope, as viewed from aft of the pressure bulkhead . 

L2 
P.6 

' ' ' 

36 

(a) Fracture of webs along Ll8 stiffener 

\ R12 ' .... \ 
\ 
\ 

Rl8 Portion not fractured 
and remained intact with 
Y chord (see Figure-1) 

Fracture of the art pressure bulkhead along Ll8 stiffener is as shown in 
Attached Figure-37 . 

The major fracture lines along Ll8 stiffener run through rivet holes of the 
2nd to the 29th rivet juncture. ·and through the 84th to the 132nd rivet 
juncture. counted from the peripheral end, in the second row f ro1 the lower 
edge or the upper web. The structure ~ ross section. excluding the strap fixture 
is as shown in Attached Figure-38(a) . 

. »eanrhile. between the 30th to 83rd rivet the main fracture line runs . 
through the first rivet line fro• the lower edge of the upper reb. Structure 
cross section of the portion strengthened by the doubler plate between the 
first strap and the second strap, and between the second strap and the third 
strap are shown in Attached figure-38(b). 
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Fracture along L18 stiffener of the lower web runs only' between the 64th 
and the 89th rivet hole on the first row from the upper edge or the lower web. 
The fracture line almost coincides wi th the fracture line of the upper web 
riveted together. 

lith regard to the fracture aspect of the upper and the lower web.fractures 
through rivet holes on the second row from the lower edge of the upper web 
shown in Attached Figure-38(a) are mostly of the type shown in Attached Figure 
-38(c), while fractures through rivet holes on the first row fro1 the lower 
edge of the upper web as shorn in Attached Figure-38(b) are almost of the type 
of Attached Figure-38(d) with so1e exceptions as in Attached Figure-38(e). 

(b) Microscopic Observation of Fracture Surface on Upper leb along L18 Stiffener 
As shorn in Photo-107 to Photo- 114. traces of fatigue failure originating 

from the rivet hole were observed in several locations. 
No abnormality such as corrosions and defects in materials was recognized 

from microscopic point of view. 
It is noted that in each attached photograph, the pressurized side is 

brought ·up· . non -pressurized side ·down·. the outboard side to the left. and 
inboard side to the right. 

(c) Distribution of Fatigue Failure of the Upper ieb along L18 Stiffener 
(i) Distribution of Fatigue Failure 

Di1ensions of fatigue cracks . widths between hole edges. and others 
verified on the fracture surface of the upper web are shown· in Table-4 below. 
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Table-4 DistribuLion of fatigue Failure · 
Bar No. l.englh li<llh LongLhs Nu111bc1 Number Fal igue 

(Rivel No) L belween llolr of of or l!ol es Failure 
(mm) Edge Fatigue Holes with flat io 

in total Cracks N Fal igue 
x (H) in Lola I Crack ffx Hf /N 

f (mm2_ Nf % % 
I ( 2- 30 ) 53'1. 26 396.23 1. 98 28 6 1 21 
2 ( 31- 56 ) 481.09 366.24 205 . 55 25 21 56 84 
3 ( 57- 82 ) 496.03 382.32 53.78 25 I 0 14 40 
4 ( 83-108) 08. 50 363.41 13 . 80 25 16 4 64 ·---- -- -·- ---------· ·---- --
5(109-132) 433.25 324.27 I. 4 6 23 4 0.5 17 . --------·- ·- ----·-- ·--- -·- -··-··-·-- -- ··------ .... --- .. . "' ····--L-----
(ii) l>isLribulion of Faligue Failure Ratios beLween Hole Edges 

Ral ios of fatigue failure between the hole edges. when shown in a bar 
chart. are varying along stiffener 1.18 as in Fi&urc-7 below . 
Figurc-7 Distribution of Fatigue Failure llatios between llole Edges 
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(iii) Distribution of Striation Spacing 
Relationship between the distance from the hole center (a) and the striation 

spacing (s) is shown in Figure-8, taking as an exuple rivet hole 53 where 
striat ion-was clearly observed from a scanning electron microscopic observation 
on the fatigue fracture surface . 

IL is noted that "striation" is defined as a striped pattern crea ted by 
rereatcd stress on a fatigue fracture surface . 

figure-8 Variation in St r ia tion Intervals 
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In Table-5 are shown the striation spacing(s) at the dfstance (a) of 2.5 
mm from the hole center, the exponent (m) indicative of relation between (s) 
and (a). the correlation coefficient Cr) indicating the degree to which data 
are arranged linearly when plotted on the graph as in Figure-8. and the 
number of striation (N) calculated thereon. 

Table-5 Relationshi·P between Distance (a) from Rivet Hole Center and 
Striation spacing (s). and Number(N) of Striations calculated from them 

s (.um) Correlation Distance from Number of 
Rivet Hole Number Exponent at Coe ff i c i en t Hole Center . Striations 

DI a= 2. 5mm r ~g~ Qf _F?tlgge_C!~ N 
Initial !Terminal 

32 Inboard 3 8.280 0.068 0.878 2.39 3. 44 6586 
34 ·Average 9 . 2.288 0.203 0.939 2.23 7.46 8803 
41 of 10 l. 718 0.232 0.953 2.60 12 .15 9788 
44 both 13 0.815 0.557 0.549 2.52 15.84 9849 --
48 sides . 12 2.475 0.171 0.927 2.19 10.39 10818 --
49 // 8 2.676 0.179 0.928 2. 44 7. 00 7181 
50 // 9 2.087 0.299 0.914 2.32 9.39 6521 
51 // 6 1.188 0.779 0.918 2.36 7. 15 3246 
52 // 10 2.283 0.179 0.825 2.32 9. 19 9930 
53 // 15 1. 430 0.363 0.930 2.48 14.24 8497 
54 Inboard 4 2.896 0.190 0.912 2 .18 7.38 8127 
56 Outboard 4 2.371 0.444 0. 844 1. 78 6.06 5320 
57 Inboard 5 2.096 0.182 0.872 2~23 7.68 10529 
59.Average o 7 4. 14 3 0.076 0.939 2.28 6.98 13615 
61 both side· 9 2. 149 0.141 0.773 2.32 8.37 12999 
62 Outboard 5 3.339 0.130 0.831 2.22 4.60 8850 
66 Outboard 5 2.514 0.290 0.929 l. 77 5.68 7973 

(iv) Fracture of Four Straps attached at Right Angles to L18 Stiffener 
The fracture line of ~he four straps attached at right angles to Ll8 

stiffener almost coincides with the fracture line of the web riveted together 
therewith. 

As shown in enlarged views in Photo-112 to Photo-115, the fracture surface 
of the straps is inclined about 45 degrees in the direction of thfckness and 
the fracture is considered as resulting from tension due to overload. 

No problem was found such as corrosion and defects in materials. 
Coating was flaked off in part near the fracture surface because of severe 

plastic deformation. 

( v) Fracture of L18 Stiffener 
L18 Stiffener was fractured, as shown in Photo-119 and Photo-120, at 

rivet hole 30 and rivet hole 83. 

Fractures. as evidenced also by the state of fracture of the web described 
in item (a) of para 2.14. 1.5 (6), were caused at rivet hole 30 to 83 in such a 
manner that the stiffener portion involving rivet hole 30 to 83 was pulled 
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upward relative to the remaining right and left side portions. 
The former rivet hole remained attached to the upper side fragment. while 

the latter to the lower side fragment. 
The fracture surface of the stiffener had an aspect characteristic of the 

fracture due to shear as shown in Photo-121 and -12.2. 
In this case too. neither corrosion nor other defects in the materials 

were found. and the fracture was recognized as resulting simply from overload. 

(vi) Fracture of other parts 
Excluding fractures visually recognized as resulting from tension. the 

fracture surface analysis was carried out by electron microscope with the 
replica method on the fracture line (including outer margin portions)which 
looks macroscopically linear as shown in Figure-6. The analysis indicated 
the fractures were all due to overload. 

The fracture of the outer margin portion left and downward of Ll8 
stiffener is of a type as shown in Figure-38(e). and is recognized as due to 
overload. 

The sole fracture through rivet hole 84 to 89 of the lower web a!ong Ll8 
stiffener is also recognized as due to tension by overload as can be seen 
in Photo-123. 

2.15.2 Investigation of Engines. Equipment. etc and function Tests 
2. 15. 2. 1 Engines 

Visual inspections were made on engines. 
(1) The variable stators in the forward compressor of No. 1 Engine were at the 
closed position, and the actuator was off the set position. about 6 mm from 
the retracted position (forward thrust position). 

As to the thrust reverser. only the left upper screw jack and carriage 
were recovered intact in the fan exit rear case. The recovered screw jack 
was at the retracted position. 

(2) The variable stator of No.2 and No.3 engine were at the closed position, 
and the actuators were at the retracted position. Although thrust reverser of 
Ho.2 engine was not identified. the engine was estimated to have been at the 
forward thrust position. since the yellow mark of retracted position was 
recognized in the recovered pneumatic drive unit. 

(3) The thrust reverser of No.3 engine was approximately at the forward thrust 
position. while the Pneumatic drive unit at the retracted position. 

(4) The variable stators of No.4 engine were at the open. or closed position 
on a random basis. The thrust reverser screw jack of the engine was at the 
extended position (reverse position). It was impossible to determine the 
position of the thrust reverser from the motor assembly of the pneumatic drive 
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unit. 

2.15.2.2. Function Tests of Equipment 
(1) Function tests and disassembly check were carried out on the following 
equipment: 
(a) Elevator Power Control Package (Note)(two each for inboard and outboard) 

(Note) the power control package is hereinafter referred to as ·pep· ) 

Equivalent angles. calculated from the distance between the actuator body 
edge surface and the eye end center before the function test. were as follows: 

Location Equivalent . Angle 
right inboard about 20° nose up 
right outboard about 15° H 

left inboard ·about 18° H 

left outboard about 15° H 

Results of the function test revealed that some of the functions deviates 
somewhat from prescribed values, but to a degree that would not cause any 
practical problem, except for the right inboard PCP. 

No irregularities were recognized from results of disassembly check. 

(b) Elevator Position Transmitter (one each for left and right) 
There were no irregularities in functions. No irregularities were 

recognized from results of disassembly check. 

(c) Flight Spoiler PCP (one for outboard, set position unknown) 
The position before the disassembly was the retracted position, and there 

were no irregularities in functions. 
No irregularities were recognized from results of disassembly check. 

(d) Right Stabilizer Cont rol Module (one) 
Only a partial function test could be carried out since the motor. pressure 

switch . and others were missing, and the arming and the manual control lever of 
the control valve were bent. 

The manual ara valve was at the neutral, and the hydraulic fluid leaked 
from the valve down position, releasing the brake from action. The disassembly 
check did not clarify the reason for this irregular function. 

(e) Upper Rudder Ratio Changer Control Unit (one) 
Fractures and dents were found, and the linearity was somewhat off the 

prescribed value in some position . 
No irregularities were recognized from results of disassembly check. 

(f) Lower Rudder Ratio Changer Control Unit (one) 
No irregularities were recognized from results of the functional test and 

disassembly check. 

(g) Rudder Ratio Changer Comparater 
No irregular ities were recognized from results of the functional test and 
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disassembly check. 

(h) Left and Right Stabilizer Control Brake (one each) 
No irregularities were recognized from results of the functional test and 

disassembly check . 

(i) Trailing Edge Flap Flow Control Module (one. set position unknown) 
In a test of the pressure setting value of tbe priority valve. it became 

functional at 1,470 psi. The disassembly check revealed that a crack extend­
ed for about one half the circumference of the priority valve flange, and the 
poppet stop had fractured. 

(j) Outboard Aileron PCP (one. set position unknown) 
A function test was conducted at l,500 psi . one half the regular actuating 

pressure, since the piston rod was transformed.and the servo valve fixing screws 
had come loose. From the test. it was estimated that there were no 
irregularities in functions. Some portions of the unit which were unable to 
disassemble due to transformation were cut away . From results of disassembly 
check. no irregularities were estimated. 

(2) For the following equipment. only the disassembly check was conducted 
because the damage was severe: 
(a) Flap Control Modular (two. one outboard. the other set position unknown) 

The two bypath valves were at the bypath position. and the control valves 
were at the neutral and the up -select position. 

(b) Hydraulic Return lrlodule (t wo. set position unknown) 
There .was no clog in either the primary and the secondary element. About 

90 cc' s of malodorous liquid was recovered from one of return modules. All 
filter elements were damaged. 

(c) Constant Speed Drive (two. set position unknown) 
Although the outside was damaged. no irregularities were found in the 

internal structure. 

(d) Trailing Edge Flap Hydraulic lrlotor (one each for inboard and oulboard) 
Although the outside was damaged. no irregularities were found in the 

internal structure. 

(e) Hydraulic Pressure Module (three. set position unknown) 
One was subjected to substantial external damage. The filter element or a 

module free of external da~age was out of joint. There was no clog in the 
filter element for any of the modules. The recovered hydraulic fluid was 
discolored to light brown. but not malodorous . 

(f) Engine Driven Pumps (two) and Pneumatic Pumps (four) 
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Unit Ryd.system Condit Ions 
Engine-Driven Pump No.2 Evidence of dry run. Cylinder block dis -

colored. Residue of gellatinized hydraulic 
fluid about 5 cc 

// No.4 No evidence of dry run. 
There is external damage. 

Pneumatic-driven No. l No evidence of dry run. External damage, 
Pump but internal structure in excellent 

conditions. Residue of hydraulic fluid 
about 70 cc 

// No.2 Clear evidence of dry run . Internal damage 
significant.No residue of hydraulic fluid. 

// No.3 Evidence of dry run. Ex·ternal damage. 
Cylinder block discolored. 

// No.4 Evidence of dry run is most 
significant. A lot of grated metal present. 
No residue of hydraulic fluid. 

(Note) No.l and No.3 engine-driven pumps were not recovered. 

(g) Case Drain Module (two. set position unknown) 
The ~p Pop-up Indicator on System A (EDP' s case line) of one module popped 

up and was dented. Results of disassembly check indicated no clog in the filter. 
The hydraulic fluid remained about 28 cc, but discolored. In the 
filter bowl on EDP side of the other module. there was an earthy foreign 
material. but there was no clog in the filter . 

(h) Flight Spoiler PCP (five) 
Unit ISet Posit i or Conditions 

Outboard Flight No.3 Actuator and input lever were in full retracted 
Spoiler position. Results of disassembly revealed no 

irregularities.Residue of hydraulic fluid about 
250 cc 

// unknown Actuator was in full retracted position. It was 
impossible to determine existence or 
irregularities due to total severe burn-out . No 
residue of hydraulic flu id. 

// unknown Actuator in a position extended 4 mm from fu 11 
retracted position. Other conditions the same as 
above. 

// unknown Actuator was in full retracted position. Other 
conditions the same as above. 

Inboard Flight unknown Damaged . Actuator position unknown. There was 
Spoiler PCP grated metal which seems foreign, but no 

irregularities in structural components. 
(Note) The other 5 units were not recovered. 

(i) Inboard Flight Spoiler Ratio Changer Actuator (one, set position unknown) 
The actuator was approximately in the full retracted position. and no 

irregularities were recognized from results of disassembly check . 
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(Note) The fact that the actuator was in the full retracted position 
indicates that the speed brake was in the down position or in the 
in-flight speed brake position . 

(j) Flight Control Shut-off Yalve (four) 
Set Positi on Conditions 

unknown Lever was in the open position. Although it was damaged. no 
irregularities were recognized from results of disassembly check. 

unknown Lever was broken. A test conducted by running hydraulic fluid 
r~vealed the valve was in the closed position. The disassembly 
check revealed that it was rusted and corroded. 

unknown Lever was in the closed position. Although it was damaged, no 
irregularities were recognized from results of disassembly check. 
Residue of hydraulic fluid about 2 cc. 

unknown Lever was in the open position. The electric circuit operated 
normally with DC20V and 27V . Between pin 2-4 (Valve open 
indicator circuit). poor connection was occasionally indicated. 
There were no irregularities from results of disassembly check. 

( k) Elevator Feel Computer (one) 
It was iapossible to specify the posit ion of the lever since the stabilizer 

input lever was not fixed. It was also iapossible t o estimate the posi t ion of 
the stabilizer in.put lever from dents. scars. etc. The system feel pressure 
transducer electric receptacle was torn off from its mount. but a circuit still 
connected circuit of electric pin l and pin 5. (This indicates there was less 
than 25% difference between the feel pressure of the two systems). Ho 
i rregularities were recognized from results of disassembly check. 

(1) Stabilizer Con trol Module (one. left side) 
Although the arming nose-up solenoid and the manual control l ever were 

missing and the motor -operated valve electric plug was fractured. the aanual 
input lever in the neutral position. and the lever moved saooth and was made 
sprung back to the neutra l position. 

There were no irregularities recognized from results of disassembly check 
except that water and the hydraulic fluid had been mixed into the pneumatic 
housing. Hydraulic fluid remained about 20 cc : 

(m) Stabilizer Trim Drive Mechanisa (one) 
The jack screw was fractured at a point about 655 11 fro• the upper end 

stopper. About one third of the circua ference of the gear housing was aissing. 
Cracks were found on the upper cover housing uabrella. 

Residue of the hydraulic f luid was aoout 2.800 cc . 
The primary brake was manually operable at both the horizontal and the 

vertical position. The left and the right hydromotor were in a good working 
condition~ and no irre~ularities were recognized from results 'o( ~isassembly 
check . 

The horizontal stabilizer angle corresponding to the position of the 
s tabili zer ball screw anci nut is 3. 54 units. 

(Note) The ·unit. approximately equals ·degree·. The neutral position or 
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the horizontal stabilizer is 3 units. The operabfe range of the 
manual lever in the cockpit is 1/4 unit (nose -down side) to 13-3/4 
units (nose-up side). 

(n) Elevator Feel Actuator (one) 
The piston on one side was at the full retracted position. the position of 

the piston on the other side was extended 10 am. 
Although soaewhat daaaged, it was in a good condition. and no irregularities 

were recognized fro1 results of disassembly check. 

(o) Reserver Pressure Module (two. set position unknown) 
One module bore evidence of the inside being flooded with water. and the 

metallic filter element on the inlet side was rusted. Three valves operated 
smoothly. 

The other unit was damaged substantially throughout. and a slight clog was 
found in the paper filter element. Two valves were operable by finger. but the 
other was not. 

(p) Jing Gear Door Actuator (one. set position unknown) 
It was substantially damaged throughout, dented in the middle of the 

cylinder. and was bent about 5° . The actuator was at the full retracted 
position (position the gear door is opening). 

(q) Hose Gear Door Operated Sequence Valve Cone. nose gear) 
It sustained substantial fire daaage throughout. The distance from the eye 

end center to the body edge surface was 57 ••. A check of the hydraulic Paths 
indicated that the hydraulic path between ·L· and ·DN. and the path between · R• 
and ·c· were clear and that ·up· and ·o· were in the closed position.(The valve 
position above indicate that the nose gear was unlocked and in the middle 
position.) 
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(3) Visual checks were conducted on instru11ents and others of which the 
disassembly check was impractical due to severe damage. Their indication or 
state clarified by the visual check were as follows: 

Unit Set Pas it ion Indication or Condition 
or Systems 

Air Cycle Machine Exit unknown 12" F 
Temperature Indicator 
Compressor Discharge unknown off scale below 0 
Temperature Indicator 
Turbine By -path Valve unknown Full cool 
Position Indicator 
Inlet Door Position unknown Fu 11 cool 
Indicator 
Exhaust Door unknown Fu 11 hot 
Position Indicator 
Out Flow Valve right side full closed position 
Position Indicator 

,, left side about 25% open 
CSD 0 i I unknown 142· c 
Temperature Indicator 
KW/KVAR Meter - - - - 3KW/KVAR(Note) 
DC Ammeter unknown + 50 a11peres 
Total Air Tem/lndctr - - - 36. i · c 
Total le1ght/Total P4 panel Total Weight 496.0(Xl,OOO lb) 
Fuel Weight Indicator Total Fuel leight 049 . 3(X 1,000 
Consu111ed Fuel l ndct r No. l 6, 750 lb 

,, No .'2 7,790 1 b 
,,, Ho.3 6.610 lb 

~ ,, No.4 6.690 1 b 
Fuel Qua.ntity No. 2 Pointer 10.000 lb 
I ndicator(ma in tank) Counter 12.750 lb 

// 'No. 1 Pointer 2.400 lb 
(reserve tank) Counter 3.250 I b 

,,, Ho.4 Pointer 550 lb 
(reserve tank) Counter 3.250 1 b 
Fuel Pressure Gauge No. 1 Inlet Pointer l.2(X lOpsi) 

or No.2 First Stage 
Pointer 10. 2 ( X l 0 PS i) 

Dlf'F Pointer 9 ( x 1 Ops i) 
,, Ho.4 Inlet Pointer of f scale 

First Stage 
Pointer L4.8(X lOpsi) 

DlFF Pointer 14.3(Xl0psi) 
(Note) Since KW/KVAR is read by switching one another. it is unknown 

which is indicated. 
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Unit Set Position Indication or Condition 
or Systeas 

Fuel Pressure ·1ndctr No.3 unknown 
Fuel Temp/Indicator unknown - 56. c 
Hydraulic Fluid unknown 1. 2 ( x 1. 000ps i) 
Pressure 
Indicator unknown 0.35(X 1.000psi) 
Hydrau·lic unknown 16USga l 
Quantity unknown 0.3USgal 
Indicator unknown off scale belwo 0 

unknown off scale belwo O 
Nz Tachometer No.1 Pointer 6% 

Counter 999 
Red Pointer 101% 

No. 2 Pointer 47% 
Counter between 55 and 56 
Red Pointer lacking 

No.3 Pointer 3% 
Counter 00 

. Red Pointer lacking 
No.4 Pointer 0% 

Counter 988 
Red Pointer 111% 

Engine Oil No.1 or 2 - 22" c 
Temperature 
Indicator No. I or 2 - 35• c 

No. 4 unknown 
Engine No. l unknown 
Vibration No. 2 0 but pointer trans formed 
Indicator Ho. 3 2 

. No. 4 unknown 
Oxygen Pressure - - - Crew Pointer lacking 
Indicator Passenger Pointer 0 PS i 
Frequency Meter - - - 386 Hz 
AC Vol t111eter unknow 105.5V 
APU Tachometer - - - 32% 
APU Oil Qty Indicator - - - 0.3 USgaJ 
Engine Oil No.2 unknown 
Quant i lY No.3 unknown 
Indicator No.4 unknown 

(4) Inspection of Flap Positions 
Flap unitJ, estimated from the ball screw position· of the trailing edge 

flap jack screw recovered fro1 the crash site. were as follows: 
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Item Position Flap Unit (Note . l) 
Inboard Jack Screw unknown 11. 6 

;; unknown 12.2 
;; unknown 13.3 
;; unknown unknown 

Outboard Jack Screw outboard 5.6 
;; inboard 6. 1 
;; inboard 5. 1 
;; outboard (Note 2) 

(Note I) The ·unit• equals nearly ·degree·. 
(Note 2) Unmeasurable due to a breakage in the middle. 

The leading edge flap is estimated to have been at extended pos1t1on from 
an investigation on four leading edge flap rotary actuators (set position 
unknown for all). 

2.15.3 Investigation of Warning Lights. Switch Lights. etc 
It was very difficult to identify systems or to judge on their operational 

status, because the wiring, electric bulbs, switches and circuit breakers equipped 
to P2. P4. PS and P6 were severely damaged or contaminated (see Attached Figure-
12). 

2.15.3.1 Warning Lights and Switch Lights 
As for electric bulbs, their condition of ·on· or ·off. at the time of crash 

were studied by inspecting the status of filaments visually or by microscope. 
The nu1ber of inspected electric bulbs totaled 373, out of which 56 are 
estimated to have beern lit, 251 (including 105 whose filament was not broken 
down) to have been off. and 66 were unknown due t9 damage. 

It was impossible to determine the operational status of each generators 
at the time of crash from the lighting status of electric bulbs of the 
generator system which could be specified. 

2.15.3.2 Visual inspection and functional test were conducted on switches and 
circuit breakers. The number of inspected switches totaled 138, out of which 4 
were ·on·. 115 were ·off •. and 19 were unknown due to damage . A total of 132 
circuit breakers were inspected, and they are all damaged except one. 

From these inspections. it wa~ i1possible to obtain sufficient infor1ation 
to estimate the state of the aircraft. 

2 . 1 6 Other Necessary Matters 
2.16.1 lnvesti&ation of Adhesion of Thermal Insulation to Structure of 

Non-pressurized Area of the Aft Fuselage 
Extensive adhesion of thenal insulation aaterial(*Note) installed inside 

the pressurized cabin wall for thermal and acoustical insulation in the aircraft 
was found in non-pressurized area aft of the aft pressure bulkhead. 
Distinctive features of the adhesion of the insulating material are as follows: 

Note: Fiberglass material installed inside the wall of the pressurized cabin 
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for thermal and acoustic insulation. 
(Thermal Acoustical Fiberglass Insulation) 

(1) Fuselage 
The insulation material was found in a mass between fuselage frames to which 

the vertical fin is attached as well as in the vicinity of the root of the aft 
torque box (see Photo- 94 and -95). 

(2) Vertical Fin 
Fragments of the film cover of the insulator were found on the VOR antenna 

cable of the vertical fin aft torque box. and others (see Photo-96). 

(3) Horizontal Fin 
Such adhesion of the insulation material as it would have been sprayed 

aftward was found on the elevator control cable inside the horizontal 
stabilizer's center section (see Photo-97). 

(4) From the vicinity of stringer 2R through to the vicinity of 8R at BS2638, a 
portion of the fastener connecting the fuselage skin with the frame was 
fractured with the result that the fuselage skin was suspended. On some of the 
fastener holes on the suspended portion of the fuselage skin was observed 
adhesion of the insulation material which would have been blown out from inside 
the fuselage (see Photo-43). 

(5) A large amount of insulation material was found on the exposed inner side 
of a fragment (70 cm x 53 cm) of the ceiling of the aft lavatory (Lavatory R) of 
the passenger cabin referred to in Item 7 of Para . 2.4.2 . 3 (see Photo-98) . 

2.16.2 Investigation of Black Marks on lreckage 
2.16.2. l On a portion of the right side skin of the vertical fin aft torque box 

(the skin connected portion from the vicinity of FS245 to the vicinity of FS345 
of the front spar in Attached Figure-28) were found black marks which had blown 
out in stripes through the edge of the head of the rivets connecting the skin to 
the stringer. The black marks were significant in the vicinity of FS200 through 
to the vicinity of FS295 on the rivet row along the stringer (see Photo-58 and 
-59). 

The analysis of the marks revealed that the main component was aluminum 
alloy powder. mingled with hydraulic fluid. grease and sand dust . 

2.16.2.2 Chemical analysis was conducted on adhesions collected from. several 
portions inside the aft torque box of the vertical fin. several portions on the 
left side skin of the vertical fin recovered from a forest on a mountain under 
the flight course (in Nippara. Okutama-Citr). several portions inside the 
fuselage in the vicinity of BS2436. and fragments of the cabin interior material 
as referred to in para.2.4.2 . 3(7). which results revealed components of the 
hydraul ic liquid on all the specimens. 

2.16.3 lnvesti&ation of Contact Marks on Upper Surface of the Lower Rudder 
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2.16.3.l On the upper surface of the lower rudder. there were found striped 
contact marks which would have been caused by contact with gum seal installed on 
the under surface of the upper rudder. The state of the contact marks are shown 
in Figure-9. 

2.16.3.2 These marks are estimated to have been caused by difference in rudder 
angle between the upper rudder and the lower rudder. 

2.16.3.3 On Boeing 747 aircraft. the upper rudder is operated by Ho. 1 and No.3 
hydraulic system, and the lower rudder by No.2 and No.4 hydraulic system. 

During fli&ht. almost no difference is caused in rudder angle between both 
rudders because they are operated in concert. During maintenance, however. 
inspection is conducted by operating each hydraulic system separately, thus 
causing a difference in rudder angle between rudders. 

2.16.3.4 An investigation made on several aircraft of the same type in current 
operation revealed the sa10e marks on them as the mark ·A· as shown in Figure-9. 
The refore. the mark ·A· is esti•ated to have been caused during the maintenance 
work. 

2.16.3.S Marks ·s· and ·c· in Figure-9 are estimated to be marks caused by 
adhesion of the gum seal installed under the surface of the upper rudder strongly 
compressed between the two rudders. Such severe CO•Pression to the gu10 seal does 
not occur during operation. The adhesion may therefore be estimated to have 
resulted r rom severe compression applied to the gum seal by the upper rudder when 
it was torn off. It was. however, impossible to clarify the process by which 
marks Band C were caused. because a little was recovered of the wreckage of the 
rudder. 

figure- 9 Stripped Contact Marks on Upper Surface of Lower Rudder 

.. rk A 

.. rlc C 

.. rk B 

2.16.4 Investigation of Adhesion of Tobacco Nicotine 
2.16.4.l At 18L joint of the aft pressure bulkhead. there was adhesion of 

tobacco nicotine on the sur(ace •Utually overlapped among the lower web, the 
upper web and the splice plate near the following rivets: 

(1) near Rivet No. 21 - No. 24 (see Photo-87) 
(2) near Rivet No.39-No.45 (see Photo-88) 
(3) near Rivet No. 49- No. 55 (see Photo- 89) 
(4) near Rivet No . 70 -No. 72 (see Photo- 90) 
(S) near Rivet No.75 -No.78 (see Photo-91) 
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·Out of the above, in the vicinity of riv.ets No.41 and No.SU. a slight gap ca•e 
to separate the lower web and the spliced plate. through which a very small amount 
of tobacco nicotine would have been blown out towards the non-pressurized side 
(see Photo- 92 and - 93). 

2.16.4.2 In Ll8 joint. all fatigue failures occurred o~ the upper web. Except 
for (1) of the preceding paragraph. every adhesion of tobacco nicotine was found 
on the joint surface of the lower web and the splice plate. 

As to (1) of the preiedirig paragraph, adhesion of tobacco nicotine was 
found on the joint surface of the upper web and the lower web. but no fatigue 
failures were recognized between rivets No.21 to No.24. (No splice plate is 
applied to this section.) 

2.16.4.3 No adhesion of tobacco nicotine was found in Rl8 joint where its 
joint work had been conducted at the same time as repair work to the aft 
pressure bulkhead carried out in relation to the accident of June 2. 1978. 

2.16.5 Investigation of Stabilizer Jack Screw Access Door 
(1) The stabilizer jack screw access door (hereinafter referred to as 

"pressure relief door·) is an access door to the stabilizer jack screw in the aft 
fuselage, and it also functions to release pressure from within the aft fuselage 
to prevent structural damage in case the pressure increases and reaches a certain 
va 1 ue for some reason or other. (*Note) 

*(Note) As a cause for the increased pressure. rupture of APU high 
pressure air duct or the aft pressure bulkhead is conceivable. 

The Pressure relief door is a plug type door having an area of 0.485 square 
meter . opening outward using the front as a hinge. 

(2) The pressure relief door has a sprlnged latch mechanism. and the 
1echanism in accordance with 1anufacturing specifications is set so as to 
unlatch (the door opens) when the pressure differential between inside of the 
aft fuselage and the outside air rises to between 1.0 psi to 1.5 psi. The 
specifications further prescribe that in test and adjustment at the time 
of manufacture the latch should be unlatched when loads of 199.6 kg(440 lb)± 
18.1 kg(40 lb) are applied on the center line of the roller of the latch 
aechanisa . 

(3) The stay brace which keeps rhe pressure relief door in a full open 
position while on the ground was fractured at the portion where it is fixed to 
the pressure relief door. an~ the pressure relief door was separated fro• the 
stay brace. There was found. on the edge of the skin of the pressure relief 
door near the hinge, a indentation which was estimated to have been caused 
by overswing of the pressure relief door to the opening direction. There was no 
other damage to the pressure relief door (see Photo-25 to - 29). 

(4) The length of springs of the door latch mechanism were as follows: 
(see Photo- 32) 
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Before Disassembly 
Left Side Spring 69.8 mm 
Right Side Spring 71.5 mm 

After Disasse~bly (free length) 
Left Side Spring 73.2 mm 
Hight Side Spring 73.4 mm 

(5) A disassembly check of the latch mechanism revealed scratches on the 
surface of the shoulder nut caused by scraping against the trunnion (see Photo 
-30 and -31). The scraping of the shoulder nut against the tranion does not 
occur when the pressure relief door is manually operated. It does occur only 
when the pressure relief door Is made open from the closed position by a force 
other than manual force (see Attached Pigure - 33). However. as was described in 
para.2 . 16 . 5.2. the latch mechaniSll had been tested and adjusted in the 
manufacture stage, where the scratches could also have been brought into 
existence on the shoulder nut due to scraping against the trunnion. 

It was iapossible to determine whether the scratches recognized on the 
shoulder nut were all caused at the test in the manufacturing stage or they 
involve scratches which would have come into being when the latch released 
during the flight of the aircraft. 

(6) As a result of a functional test of the pressure relief door carried out 
· in accordance with the procedures set forth by the manufacturer of the latch 

mechanism. it was found that the door opened under a load of about 110 kg 
(average of three times of testing) instead of the prescribed 199 . 6 kg(440 lb). 

(7) Relationship between the load applied on the center line of the roller of 
the latch mechanism and the pressure the door is subject to by the pressure 
differential with the outer air is as follows : 

load on roller center . line pressure differential 
199 . 6 kg about 1.2 psi 
l l 0 kg about 0 . 7 psi 

(8) During t'he flight. the pressure differential before the occurrence of the 
irregular situation between the pressure cabin and the outer air is estimated 
to have been about 8. 7 psi. Therefore. the door is esti1ated to have opened if 
the aft fuselage had been pressurized in flight by the pressurized air in the 
passenger cabin. 

2. 16. 6 
(1) 

Investigation of Horizontal Stabilizer Body Seal Door 
The horizontal stabilizer body seal door assembly (hereinafter referred 

to as ·body seal·) consists of sliding blade seals and seal door. 
Sliding blade seal is directly attached to the horizontal stabilizer and 

seal doors are coupled to the stabilizer through the drive aechanism . 

(2) The body seals have the function to shut the openings or the fuselage in 
coordination with the operation (pitch trim) of the horizontal stabilizer. 
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Therefore. when the non-pressurized area aft of the aft pressure bulkhead is 
pressurized, the body seals are also subjected to pressure . 

(3) The status bf damage to the body seal is shown in Attached Figure - 35. 

(4) Relationship between the position of the seal door and the operative angle 
of the horizontal stabilizer is shown in Figure-10. 

Since the position of the horizontal stabilizer when the irregular sound 
ocurred during flight over Sagami Bay is estimated to have been about -1° . 
it is estimated that the lower seal doors rose to seal the lower openings of 
the fuselage together with the sliding blade seals as shown in Figure-lo and 
Figure-11. 

(5) Under the above condition. it is estimated that the lower openings of the 
fuselage would have a area large than the upper openings and that the lower 
sliding blade seals were more vulnerable to the inner pressure. 

(6) As seen from Attached Figure-35. damage to the lower sliding blade seals 
was slight. There were fragments. other than the wreckage shown in Attached 
Figure-35, whose location was difficult to specify . In view of the .fact that 
they were recovered from the crash site. it is estimated that the horizontal 
stabilizer body seal doors were not damaged to such an extent that they 
constitued a large opening during flight. 
Figure-10 Relationship between Seal Door and Operative Angle of Horizontal 

Stabilizer 

Stab position at abnormal situation in fl ight 

( APP. -1° ) 

+ 3• 

-3. 33° 

-5. s1° 

-12 .00• 
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Figure-11 Functional Sketch of Horizontal Stabilizer Body Seal Door 

fuselage skin 

interlocking upper opening 

~~==-===·~~\ ~/====.(=. ,,~ 
pitch trim fuselage opening area 

horizontal stabilizer 

(0 degree) 

sliding blade seal ';\ .=Al 
interlocking lower opening 

fuselage skin 
2. 16.7 Investigation of Explosives and Others 

Inspection was made on about 160 pieces or specimen taken from · cabin 
interior material. lavatory interior material. aft pressure bulkhead. vertical 
fin fixture and horizontal fin fixture. etc. out of the aircraft wreck'age recover­
ed from the crash site. Sagami Bay, etc for any possibility of inclusion of gun 
powder. explosives, etc. In the investigation, no inorganic substances such as 
ammoniun or chlorine. nor nitroglycerin or trinitrotoluen (organic substances) 
were detected from any of these specimens. There were no traces found from 
the wreckage of the subjection to explosion blasts . 

2. 16.8 Investigation of Radioactive Substances 
(1) On board the aircraft were loaded radioactive substances, 93 in number of 
package and 13 of nuclear kind (an radioactive amount of 161.7729 mlllicuries) 
for use mainly in medicine. 

The radioactive substance was found to meet the criteria for air transport 
in packaging configuration, storage limit. loading procedures, etc . 

(2) On August 13, 1985. a radioactive substance transport accident counter­
measure aeeting was held by Ministry of Transport. and Science and Technology 
Agency as main members. 

(3) During August 14, to 16, 1985, specialists in radioactive substance and 
officers-in-charge of related ministries and agenc'ies were sent to the crash 
site, and the recovery work and investigation on site was carried out. By this 
work. 64.8%, in radioactive amount. of the loaded radioactive substance was 
recovered. Measurement of the radioactive amount rate on the ground at the 
crash site indicated that radioactivity was at such a level as to exert no 
influence to the human body. 

(4) On October 11. 1985. search at the crash site as well as investigation on 
radioactive pollution were again carried out, and it was confirmed that there 
was no radioactive influence to the environment. 
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Table-6 Estimated Strength of Parts of Ll8 Splice 
Condition of calculation The weakest part Estimated strength 

(psi) 
ALL parts not fractured 

(Fatigue cracks the same bay 2 6.9-9.4 
as accident aircraft) 
bay 2 fractured bay 3 6.7-9.0 
bay 2 and bay 3 2nd strap · 6.0-6 . 5 
both fractured 
bay 2. bay 3 and 2nd bay 4 6.2-8 .4 
strap fractured bay 1 6.9-9.4 
bay 2. bay 3, 2nd 3rd strap and 5.6-5.8 
strap, bay 4 L18 stiffener 
and bay 1 fractured 1st strap and 5.9-6.1 

Ll8 stiffener 
When Ll8 splice is broken into two portions, upper and lower, the stress of 

bay S connected with a collector ring increase. This indicates a possibility that 
the connection of the web and the ring is then ruptured towards a series of 
succeeding ruptures. 

Figure-12 Vicinity of Ll8 Splice of the Aft Pressure Bulkhead 

st l flener 

-CJ8 

lower side 
L20 =•'IS•·· 

strap 
chord 

3.1.l . 3 Est i•ation on Sequence of Rupture 

LEFT HAND 

bay 5 

From the analysis of propagation of fatigue cracks, the analysis on the 
residual stren&th and its test results. and the aspects of destruction of the 
wreckage, the sequence of rupture in L18 splice of the aft pressure bulkhead ls 
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estimated as follows: 

(1) Since bay 2 and bay 3 were of one-row riveting, the stress on the hole edge 
was high.and judging fro1 the behavior of fatigue cracks existent at hole edges, 
the fat ig ue crack was initiated and propagated on the rivet hole in a 
comparatively early period after the repair was made for the accident at Osaka 
International Airport. Fatigue cracks were inttiated also on rivet holes of the 
webs overlapping with the 1st strap, the 2nd strap and the 3rd strap. 

(2) Following the propagation of fatigue cracks from rivet holes in bay 2 and 
bay 3. fatigue cracks were initiated and propagated on the upper side rivet hole 
edges (subjected to higher stress than lower side rivet hole edges) located above 
the two -row riveting on both bay 1 and bay 4 which are of the two-row riveting 
structure. 

(3) Bar 2 having fatigue cracks was fractured by a estimated cabin differential 
pressure of ~.66 psi. 

(4) In bay 3. fracture started from the outboard portion where fatigue cracks 
concentrated. ending in total fracture . 

(5) The 2nd strap fractured. then bay l and bay 4 fractured, being followed by 
fracture of the 1st strap, the 3rd strap, the 4th strap, bay 5 and L18 stiffener. 
resulting in overall fracture of Ll8 splice. 

(6) After L18 splice was separated into upper and lower parts, the web above 
its portion connected with collector ring was fractured, and the fracture 
progressed along R6 stiffener and L2 stiffener. 

On the other hand. the web above the portion connected with Y chord on the 
outboard side was also fractured, with the result that an opening was brought into 
being in the upper portion· of the aft pressure bulkhead. 

3.1.2 Test and Research for Analysis of Rupture of Vertical Fin (Reference 
Material - Addendum 2) 

The vertical fin is ordinarily not designed as to withstand an excessive 
internal pressure. In this accident. the possibility would be high that part of 
pressurized cabin air. which flowed out due to rupture of the aft pressure 
bulkhead, rushed into the vertical ' fin. and the excessive internal pressure 
ruptured the aft torque box structure. 

A study was made then on the possibility of the vertical fin being ruptured 
by the in ternal pressure as well as on the sequence of rupture. by calculating the 
strength of the vertical fin structure against the internal pressure. and by 
conduct ins. for the corroboration purpose. a fracture test of component structures 
of the vertical fin by internal pressure and a fracture test on fasteners. 

3.1.2. 1 Strength of Fixture between Stringer and Rib Chord 
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in basis stiffness· of 25% of the vertical stabilizer . 

Based on the above confirmation as well as the study in 3.1.2.4. the sequence 
of rupture under the assumption that flutter or divergence contributed to the 
fracture of the vertical fin including the rudder would be as follows: 

(1) Part or the pressurized cabin air . which flows out due to rupture of the 
aft pressure bulkhead . rushes · into the vertical fin. causing internal pressure 
rise there. 

(2) Jhen the internal pressure rises about 4 psi . the fixture between the 
stringer and the rib chord near the top of the aft torque box is fractured. 

(3) Jhen one fixture between the stringer and the rib chord is fractured. it 
induces the similar fracture of neighboring fixtures between the stringer and the 
rib chord, expanding the area of such fracture. and causing at the same time 
expansion of fracture of connecting rivets between the rib's shear tie and the 
skin toward the rib chord direction. 

(4) Since connection between the stringer and the rib chord has weakened, 
stiffness of the aft torque box decreases considerably, and flutter related to 
the vertical fin involving rudder. or divergence of the vertical fin occurs . with 
the resu l t of rupture of the vertical fin. and separation of the rudder. 

(5) In these processes is conceivable the contribution of buckling of the rib. 
peel fracture of the fixture of the skin, local collapse of the skin. etc . 

Such a process of the rupture may be possible. but no evidence was found of 
occurrence of flutter nor divergence fro• records of the three -axis accelerometer 
of DFDR or from the state of damage of the recovered wreckage . 
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Figure-13 Fixture between Stringer and Rib Chord 
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3.1.3 Study .on Structural Strength in the Vicinity of APU Firewall 
(Reference Material - Addendum 3) 

In order to study how structures in the vicinity of the APU firewall may be 
damaged in case the air in the cabin flows out by rupture of the aft pressure 
bulkhead (BS2360) and effects as a pressure on the APU firewall~ analysis and 
calculation were made on the strength of each structure in the vicinity. 

Outlines of the calculation as well as estimated sequence of rupture based 
thereon are as in the following paragraphs . 

3.1.3. 1 Estimated Strength of Each Structural Parts 
Calculation showed that in case the APU fire wall is subjected to a pressure 

and al 1 the structural parts are normal. the wall is the weakest in lateral bea111s 
CD and <ID shown in Figure-14. and they buckle under a pressure of 2.2 to 2.5 psi. 
When lateral beams (j) and <ID are fractured, lateral beams ~.(5) and (/) are also 
estimated to be easily fractured. 

The calculation also indicated that in case lateral bea1s, except lateral 
beams CID and@ supporting the support struts. are all fractured. the lower part 
of the peripheral frame is fractured under a pressure of 2.1 to 3.5 psi. in which 
case the support struts are also fractured under a pressure of 4.4. to 4.8 psi. 
These are summarized in Table-7. 

3.1.3.2 Estimation of Sequence of Rupture 
Based on the estimated anti-pressure strength of the structural parts above 

as well as the state of damage of the recovered airframe, the sequence of rupture 
of the APU firewall is esti1ated as follows: 

(1) First of all. lateral beams of the upper and the lower portion except for 
~and@) buckle under a pressure of about 2.2 to 3.5 psi . 

(2) Then, fracture of the lower part of the peripheral frame (under a pressure 
of about 2. I to 2.5 psi). as well as buckling (under a pressure of about 3.l to 
3.9 psi) and fracture of the lateral beams supported by the support struts. 
occurrs almost simultaneously, causing the air to flow rearward. 

(3) The air pressure which caused the APU firewall to be ruptured is estimated 
to have been of the order of 3 to 4 psi . 

(4) Following the complicated rupture of the firewall and structures in the 
neighborhood. the support struts were also fractured, with the result that the APU 
is separated together with structur~s aft of BS 2658 firewall. 

(5) The time required for the pressure to the APU firewall to reach about 4 
psi is estimated to be extre1ely short. and therefore the rupture wouJd have been 
mo1entary and i1pulsive. However, the actual process of destructioin would have 
been more complicated than that estimated in the above calculation which based on 
static analysis . 
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Figure-I~ Outline of APU ~·irewall Structure. 
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3.1.~ Study by Numnrical C11lc11latio11 on l>ischanw of Prnssuri?.c<I Air from 
Aft Pressure Bulklwad (Udercncc Material - Addendum 0 

3.1.~.I A study was 111acfe on the relationship between the facts listed below and 
the pheno1nena which could occur if Part of the ;ift pressure bulkhead ruptures Lo 
Make an opening, ~n<I air in a pressurized compart1ent discharges into tbc 
empenna·gc . 

(1) Fog formation in the passenger cabin (based on witness) 
(2) Dcpressurizatiott alert (based on CVR record) 
(3) Start of automatic play of pre - recorded announcc•cnl (refer Lo 3.1.9(0) 

and 1lrop-out of oxygen masks (based on CVR recoid and witness) 
(~) Rupture of the APU firewall and the vertical fin (base<' on wreckage 

invnst igat ion) 

All above are closely related lo the pressure or temperature at some parts 
of Lhn interriat fuselage. Ther~fore, analysis and calculation was conducted using 
a quasi -static method wherein the space within the airplane was divided into eight 
compartments, an<l LiMe history of pressure and temperature was estimated from the 
movement of air resulting from differential pressure among compartments . . 
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The study was made assuming a wide variety of change for conditions which 
would affect critical results of the calculation. such as the area of the opening 
in the aft pressure bulkhead. ~nd release pressure of the vertical fin and the APU 
firewall. (As to the release pressure, the calculation was carried out for a range 
of ±30% of 4.75 psi and 4.00 psi for the vertical fin and the APU firewall. 
respectively, based on results of fracture test of component structures of the 
vertical fin by internal pressure. etc) 

3.1.4 . 2 From wreckage investigation, the area of opening of the aft pressure 
bulkhead is estimated as of the order of 2-3 square meters. The calculation 
indicates when the area of opening of the aft pressure bulkhead is varied from 1.5 
to 3.5 square meters. the following times are required before the phenomena occur 
after the rupture of the bulkhead: 

The time the release pressure of APU firewall 
is reached (rupture b~gins) 

The time the release Pressure of vertical fin 
is reached (rupture begiis) 

The time relative humidity reaches 100 % 

The time the pressure equivalent to cabin altitude 
10.000 ft is reached (alert detector f~nctions) 

The time the pressure equivalent to cabin altitude 
14.000 ft is reached (oxygen masks drop out. and 
detector functions for pre-recorded announcement) 

0.09-0.04 second 

not ruptured-0.29 second 

l.73-1.21 seconds 

2. 21-1. 56 seconds 

3.37-2.40 seconds 

provided that the release pressure of the APU firewall and the vertical fin are 
taken as 4.00 and 4. 75 psi. respectively, and that the rupture of the APU firewall 
and the vertical fin by internal pressure is 11011entarr. and further that the 
pressure relief door can open, but the upper and lower body seals are not damaged. 

Detailed results which are arrived at, when the release pressure of the APU 
firewall and the vertical fin and other conditions are varied. are shown in 
Addendum 4. 

From these calculations. it 1w'as found that rupture starts earlier at the APU 
firewall than at the vertical fin. and fog is for1ed about 2 seconds after the 
rupture of the aft pressure bulkhead. Further1ore. the decoapression speed of the 
pressurized compartment is of such an order that the pressure equivalent to cabin 
altitude 14.000 feet is reached within several seconds after the rupture of the 
aft pressure bulkhead. There are slight differential pressure among the passenger 
cabin. cockpit and cargo compartment which are all pressurized, but they are 
negligible. In addition, when the release pressure are changed to the value in the 
estimation of rupture of the APU firewall (refer to 3. 1.3) and the value in the 
estimation of rupture of the vertical fin (refer to 3. 1.2). the time up to 
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the APU firewall are disregarded and either reflection of the 'shock wave or 
stagnation of the jet stream are laken into account. 

The study result indicated that in the two cases the average differential 
pressure were 2.74 psi and 2.88 psi, respectively. From this. it is 
inconceivable that the APU firewall will be ruptured by the transitional phenomena 
caused immediately after the opening of the aft pressure bulkhe~d. because these 
values, although they are values taken to the larger side, are smaller than the 
estimated values for the rupture of the APU firewall of 3-4 psi. 

3. 1 • 5 Displayed Time on Various Records 
3.1.5. l Time Display of CVR 

Since time is not recorded on CVR. its estimation was made by the method 
below. 

The time scale on CVR was estimated by collating, as precisely as possible 
using a sound spectro-analyzer and others. contents of the communication with air 
traffic controllers recorded on CVR tape with contents of the same voice portion 
of the communications recorded on the ATC communication tape on which the time 
signal of the Japan Standard Time is recorded. · 

However, an error may be involved to some extent except for the afore­
mentioned portions which have been collated with the ATC tape, because the running 
speed of CVR tape can not be kept always uniform due to limited characteristics 
of the equipment. 

3.1.5.2 Time Display of DFDR 
On DFDR is recorded the time of the intra -aircraft clock whose display is on 

the captain's seat. Since the time of the clock is not always accurate, the follow ­
ing adjustment was necessary. 

On DFDR is recorded the keying time at the communication with Air Traffic 
Control, while on ATC communication record tape is recorded the time signal of the 
Japan Standard Time. Collation 1ade of DFDR keying times with the recorded Japan 
Standard Time indicated a delay of about 6 seconds in DFDR recorded time. 
Therefore, the DFDR time is described by adding 6 seconds . 

There may be an error not exceeding one second in the time display of DFDR 
collated with ATC communication record tape on which the time signal of Japan 
Standard Time is recorded. because'on DFDR the keying signal is recorded with a 
delay of less than one second after a keying is done. 

3 . I . 6 Error Correct ion in DFDR Record (Reference Material - Addendum 5) 
(I) Outline of DFDR Record 

The DFDR record is a digital recording system in which data is recorded by 
two signals ·o· and · 1·. and each data are recorded at a cycle of 1/8-4 seconds. 

Data such as altitude, speed and bearing are recorded ever~ second, data 
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suddenly changeable such as acceleration every ·118-1/4 second·. data such as time 
every 4 seconds, and all data are covered through in a 4 seconds cycle. In DFDR 
decoder. data check is done every second, and if there is an unreadable portion 
due to insufficient signal level or signal distortion, or when an error in the 
data format is discovered. an error mark is registered to indicate "unreadable • . 

(2) Error Correction by Decoder 
As described in para.2.11. on DFDR tape of the accident aircraft were found 

cuts or wrinkles, and at the time of read-out many error aarks were registered on 
the portion invo lv ing the cuts. the wrinkles and others. It was found that the 
appearance of error marks · relevant to low signal level or large signal distortion 
are dependent on conditions such as individuality of read-out equipment used. 
tension of the tape when being read ou t and others. For this reason the read -out 
was tried changing the equipment or tape tension for an optimum condition. By this 
method, error marks could be lessened . 

However. the error mark· still remained at three portions, i.e. about 1824:35, 
about 1840:34. and a portion of more than one minute after 1855:12. which needed 
data recovery by the method in (3) below. 

(3) Error Correction by Computer 
As to portions unreadable by the ordinary decoder due to low output level or 

distorted wave shape, decoding was done by taking out the signals from the 
intermediary stage in the play back. process of DFDR. and converting them in to an 
array of digital signals ·o· or ·1· through~ computer after rectifying the wave 
shape using various devices . Normally the signals indicating ·o· and ·1· are 
arranged under a regular rule, but in some of portions involving errors the 
arrangement of signa ls ~as far out of the rule, for which such a computer 
processing was done as to try decoding by allowing variable bit -cells in the PCM 
signal. 

As a result of the above, most of portions where the signal level exceeds 
a certain degree became readable. but other portions. specifically portions where 
the signal distortion is large, remained unreadable with the data processi~g by 
computer, where such human decipherment became necessary as finding out data based 
on signal patterns before and behind. 

(4) Outline of Results of Error Correction 
By the afore-mentioned methods, most of portions where originally had an 

error urk beca111e readable. In the 'portion of continuous errors after 1855:12. the 
error correction work was conducted only on factors related to dynamic analysis of 
flight course. attitude of aircraft. etc. (altitude, speed. acceleration. bearing, 
attitude angle. engine output level, etc.). 

The DFDR rec9rd .corrected Co~ errors b~ the methods above is shown in .. 
Attachment 5. Portions corrected were indicated by the correction 111ark. 
Non -corrected data in the continuous error portion are also shown for reference 
in Attach111ent 5. 
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3.1.7 Flight Situation and Flight Course of Accident Aircraft' based on DFDR 
Record (Reference .Material - Addendum 6) 

3.1. 7.1 Situation before and after Occurrence of the Abnormal Situation 
(1) Sequence of Events (refer to Attachment 5) 

From the analysis of DFDR. the following events are conceivable to have taken 
place before and after the occurrence of abnormal situation: 

(a) Longitudinal Acceleration (LNGG) 
The longitudinal acceleration at 1824:35.70 shows a spike of about 0.047 Gas 

compared to those before and after the abnormal situation occurred. When the 
aircraft weight at that time is taken into account. it is estimated that an 
externa·l force of as much as about 11 tons acted forward. and that the rupture of 
the aft fuselage occurred at about this time. 

Great changes in longitudinal acceleration recorded for a few seconds after 
1824:l6.ZO are conceivable to have been due to the aircraft motion. 

(b) Lateral Acceleration (LATG) 
Between 24:35.73 and 35.98 . a first significant change is recorded in lateral 

acceleration. Th is change in the lateral acceleration occurred after the 
protrusion of the longitudinal acceleration and is considered to endorse the 
estimation that the rupture of the empennage occurred before 24:35. 73 hours. 

For a few seconds after 24:35.98 an oscillation having a 1aximum total 
amplitude exceeding 0.08 G is observed in the lateral acceleration . Judging from 
the fact that it completely decayed in a few seconds. it is considered that it was 
a free oscil lation excited by an abnormal external forces. 

(c) Displacement of Horizontal Stabilizer Position (HSTB) 
Up to 1824:35.13. the position was at the normal trim position of -1.2° . At 

the next recording time i .e .. 36.13 seconds and thereafter, values exceeding the 
HSTB sensor limit are recorded. It is estimated that HSTB sensor or the signal 
wiring was broken tetween 35.13 and 36. 13 seconds. 

(d) DFDR Error 
DFDR records several errors in the neighborhood of 1824:35.64 and 35. 73. It 

is considered that the errors occurred because DFDR was installed 9n the upper 
part of the fuselage portion to which the vertical fin is attached and was 
subjected to strong shocks due to the structural destruction. 

(e) Control Column Position (CCP) and Auto-pilot Channel A (CMD 1) 
After the occurrence of the abn0r1al situation, CCP as a whole was in an 

extraordinarily forward position. Judging fro1 the fact that no corresponding 
change in Pitch attitude was recorded.it is estimated that the normal relationship 
was lost between the control column position and the power control package output 
position of the elevator within a comparatively short period after the occurrence 
of the abnormality. 

Auto-pilot Channel A was in ·command mode· up to 1824 :37.92, and was ·orr· 
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after 38.92 seconds. 

(f) Vertical Acceleration (VRTG) 
Vertical acceleration that is indicative of normal flight conditions are 

recorded up to 1824:35.66. Thereafter to 31.16 seconds the vertical acceleration 
increased slightly, and at 36.18 seconds it jumped by about -0 .24 G. causing a 
disturbance to begin. 

It is estimated that the vertical fin ruptured nearly at this time. 

(g) Rudder Pedal Position 
PED had been in the normal neutral pos1t1on of 0° up to 1824:36.22. and 

changed radically to more than 25° to the right not later than 36.72 seconds . This 
time almost coincides with the time when the oscillation in lateral acceleration 
originated. PED varied abruptly thereafter from 20° right to 15° left, but the 
heading and roll angle did not respond as expected to such a large PED input. From 
this. it is estimated that the rudder had Jost its effective control aoment after 
36.22 seconds. 

(2) Numerical Analysis of Aircraft Motion 
(a) Purpose . 

The purpose of the analysis is to confirm that there is no significant 
contradiction among DFDR data and to estimate external forces arising from jet 
streams or changes in the exterior shape after the abnormal condition had occurred 
and theory to confir1 that the process of destruction is consistent with the 
descriptions in item (1) above . 

(b) Study on the Assumption that no Abnormal External Forces had existed 
When the aircraft motion is calculated on the assumption that t~e elevator 

angle and the thrust are given by those which were recorded in DFDR as control 
column position and EPR (engine output), the responses well coincide with DFDR 
record for the period before the occurrence of the abnormal situation. 
However. significant differences between the calculated response and the record 
begin to exist after 1824:36. as to the altitude, speed, angle of attack and pitch 
angle. Fro1 this. it was found that the DFDR record could not be accounted for 
unless abnormal external forces had come into action after the occurrence of 
abnormality. 

(c) Estimation of External Forces resulting from Jet Streams and Changes in 
the Exterior Shape at the Occurrence of the Abnormal Situation 

In order to reconstruct DfDR record, the response of the aircraft (change in 
speed, altitude, acceleration. attitude, etc) was analyzed numerically, assuming 
abnormal external forces. From the numerical calculation. it was found that 
an abnormal external force (not exceeding about 11 tons ) directing forward coming 
into action from about 1824:35.60 and an abnor1al ex~ernal force directing 
downward having its peak at 36 . 60 seconds were necessary. 

The lateral abnormal force. if any, could not be estimated from DFDR record. 
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(4) Lateral-Directional Stability 
Different from the case of longitudinal motion. the lateral stability is 

decisively affected by a partial loss of the vertical fin. After the Joss, both 
the directional stability and the damping -in -yaw decrease due to reduced area of 
the vertical fin. with the results that the undamped natural frequency of the 
dutch roll mode decreases considerably (the period increases considerably), and 
the non -dimensional damping coefficient changes from positive to negative (stable 
to unstable within the assumption of linearization). The spiral mode is stabilized 
on the contrary, and the ti1e constantin roll subsidence decreases to some extent. 

When the abnormal situation occurred, it is estimated that the aircraft was 
flying at a height -speed combination such that the dutch roll mode would beco1e 
unstable under the assumption of linearization if the empennage had really broken 
to the afore -mentioned configuration. It is also estimated that the ruptured 
aircraft entered a flight region of more unstable dutch roll node as flight speed 
decreased thereafter . Actually, the aircraft is estimated to have been brought 
into a limit cycle as amplitude increases. 

(5) Lateral -Directional Control 
Out of the rudder and the aileron -spoiler systems originally used for lateral ­

directional control. it is considered that the rudder had been separated almost 
at the same time when the abnormal situation occurred. As a result. function of 
yaw dampers were also lost immediately thereafter. and it is estimated that the 
situatioin was such that an external disturbance. if any, would have excited the 
dutch roll mode . 

Judging from the response of the aircraft as recorded on DFDR, it is 
considered that the aileron have functioned for more than one 1inute. but 
thereafter did not at all due to loss of hydraulic pressure in the same manner as 
the elevator. 

Suppressing of dutch roll mode by use of the differential thrust between the 
right and left engines is estimated practically impossible for a pilot . 

(6) Effects of Flaps on Lateral -Directional Stability 
When part of the vertical fin is missing, the contribution of the eapennage 

to the total directional stability decreases and the contributions of the wings 
and fuselage relatively increases to give a dominant effect on the directional 
stability. The contribution of the wings on the directional stability depends to a 
large extent upon the trimmed angle of attack as well as setting angle of the 
flaps. Since the trimmed angle of attack also depends on the setting angle of the 
flaps, the directional stability with the partial loss of empennage varies 
with the flap setting angle in very sensitive and complicated manner. 

Unless the flap angle is adjusted with fastidious prec,i~ion to speed and 
altitude. the aircraft would easily be caught into the region of dutch roll 
instability at least within small amplitude. 
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3.1. 7.3 Estimated Flight Course by DFDR 
The estimation of flight course of the accident aircraft was made on the 

basis of . radar records and decoded DFDR data. The status of propagation of radar 
wave began to remarkably worsen due to effects of mountains from approxiaately 
1848 at which the aircraft initiated a flight towards the mountainous area, 
causing disorder in radar records. For this reason the estimation for the period 
approximately 1846 to the last of DPDR record (1856:27) was made mainly based on 
the decoded data from DFDR. The estimated flight course is shown in Attached 
Figure-1. The flight course is almost consistent with statements of eye witnesses. 

According to the estimation above, the aircraft. after approached Mt.Senpei. 
initiated an abrupt right turn, and crashed turning clockwise and making an 
ellipse of about 3.4 km east to west. and about 2.5 km north to south on the north 
side of Mt. Mikuni. 

3.1. 7.4 Estimation by DFDR of Flight Situation immediately before Crash 
About 1854:40 when the aircraft was south of Mt. Mikuni, the flap angle 

became about 8 unfts. but a right bank abnormally increased due probably to 
unbalance between the right and the left flap effectiveness, and a right turn was 
initiated. The flap continued to go down, and sometime after 1855 the right roll 
angle reached 30° - 40 ° when the aircraft was west of Mt.Wikuni. gradual Jy 
steepening the right turn. After 1855:40. engine power on the left wing became 
slightly higher than that on the right wing, which situation continued up to the 
crash. 

At 1855:44 the flap angle became about 25 units. A flap ·up action was 
immediately initiated, but the right bank further increased to 50° - 60° . It is 
estimated that a situation was sustained that is susceptible of unbalanced 
effectiveness between the right and the left flaps since the flaps were kept 
operated from about 1851:14 to the crash. 

At approximately 1855:57 the pitch angle exceeded -15° and the nose 
continued to go down. For this reason the power would have been increased abruptly, 
by which the engine powers were rised from 1.15 to 1.50 level. The altitude at 
this time was about 10.000 feet. 

Asymmetric right and left thrusts of considerable amount were applied to the 
aircraft of nose down Pitch attitude and roll attitude of several ten degrees. The 
aircraft plunged into a dive increasing the right roll angle to aore than about 
80°. and supposedly entered a steep right turn due to increase in lift. resulting 
fro1 quick velocity increaent. onto the situation of large right bank angle. 
At 1856:07 the nose ca1e down as 1uch as about -36° . the rate 01 descent became 
15.000 feet/minute on theaverage, temporarily more than 18,000 feet/minute. It is 
estimated that the aircraft lost altitude rapidly, because the increase in lift 
following the increase in airspeed did not help prevent the descent with the 
resultant large upward vertical acceleration. but only causing a steep turn due to 
the deep bank. 

Approximately 1856:17. at an altitude of about 5,500, the right roll angle 
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recovered up to about 40° at which time the airspeed exceeded ·340 knots. It is 
estimated that about this time engine power was brought near the maximum, because 
the GPIS had been activated (CVR record). Although the steep turn still continued, 
the descent of the aircraft stopped. for a reason, among others . that the right 
roll angle beca1e less than before (to about 40° ). with a result that an upward 
vertical acceleration of about ·aG's continued for 5-6 seconds. 

Sometime after approximately 1856:23 a shock of backward 0. 14 G was recorded 
on the longitudinal accelerometer. and the right bank deepened suddenly, and at 
the same time the nose which was up was going down again abruptly, after which 
output of the 3rd and 4th engine on the right side decreased at an abnormal speed; 
especially power of the 4th engine dropped to EPR 0.50 which is indicative of zero 
output. However. EPR of the 1st and the 2nd engine on the left side were normal. 
and EPR of the 3rd engine remainedat about 0.86. From this record together with a 
contact sound recorded on CVR taken into account. it is estimated that at this 
time a portion of the right wing involving the 4th engine cut off trees in the 
vicinity of the single larch tree, and the 4th engine was separated from the 
airframe. 

About 3 seconds thereafter. the aircraft became subjected to a large 
rearward G's. and abnormal changes began to appear in heading and in longitudinal 
acceleration. Fro• the abnor1ality and the flight distance fro1 single larch tree. 
as well as the second contact sound recorded on CVR taken into account, it is 
estimated that this was the initial contact with the U-ditch. Almost at the same 
time output of the first and second engine on the left side began to indicate an 
abnormal drop in the same ·manner as the fourth engine, being followed by drop in 
output of the third engine. It is conceivable that at this time the 1st, 2nd and 
3rd engines were separated from the airframe and dispersed 500-700 meters ahead 
by locally concentrated force resulting from considerable aftward and lateral 
forces applied at the time of the contact and large engine thrusts corresponding 
thereto. 

At about 1856:27 the aft acceleration reached 0.26G. and at the same time the 
lateral acceleration reversed fro111 +0.5G to -0.5G. From this, it is conceivable 
that the airframe was subjected to a force more than 200 tons starboard to port. 
at which time the aircraft scooped deep the U-dich with the right wing tiP. 

IL is conceivable that the remaining vertical fin and horizontal tail were 
separated and dispersed of which strength had deteriorated due to the progress of 
destruction since the airfra1e had 'been subjected to very severe impacts in the 
course of events at the U-ditch. 

The analysis by DFDR data was possible up to the point (1856:27.25 hours) the 
aircraft would have proceeded about 40-50 meters from the U-ditch toward the 
crash site. The attitude of the aircraft recorded last was Pitch angle -42.2° 
roll angle 131.5° • heading 277.1° , and airspeed 263. 7 knots, probably with deep 
nose-down and almost upside side down. The track(bearing)at this ti•e is estimated 
as 304° . 
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Based on para.3.1.7.1. it is estimated that the aircraft 'was brought into 
configuration <ID within 1 to 1.5 minutes after the abnormal situation occurred. 

Failure configuration <ID. (i) and (i)' are set up for investigating 
relationship between the mode of failure and possible survivability of the 
accident. It is not intended to simulate with these configurations any situations 
where the aircraft was actually involved, except that the aircraft is considered 
to have been in configuration <l) for 1 to 1.5 minutes after the abnormal situation 
occurred . 

Assuming that the functions of subject pilots are those of a pilot who is 
trained to the standard level, the focus of the test was placed on a piloting 
problem to let down the aircraft of with deteriorated stability and control on a 
runway or on the sea (without specifying the touchdown point) with as much safety 
as possible. No consideration was given at all to such factors as crew­
coordination, pilots' concern to the passenger cabin, communications with the 
ground. and abrupt decompression and effects to the crew due to lack of oxygen 
resulting therefrom. 

(b) Test Sequence 
Four crews A through D were organized for this test. each consist!ng of an 

experienced captain of the instructor class. a copilot and a flight engineer. Each 
crew underwent one round test (4 hours) a day for two days, a total of two rounds . 
Prior to starting the simulation test. each group was given the caution that the 
simulator . had been modified to simulate some failure conditions for the purpose of 
investigation of this accident. and that the personal experience on the tests be 
not coamunicated to each other. 

After termination of the tests on crew A through D. test data were fully 
reviewed from the viewpoint of stability and cont rol and an optimum operating 
procedure was set up. Using the optimum descent procedures, crew E (the captain of 
crew E was selected from among crew A through D) carried out one round of the 
test on failure configuration 5 only. In other words. the test case (ii) i.e. •the 
case where the crew was well trained with the opti•um descent procedures· was 
conducted exclusively by crew E. In the all testings, a light turbulence was input. 
and a cross wind (from ~60° ) 10 knots was added in the approach and landing to 
Runway 33R of Haneda. 

(4) Test Results and Review 
(a) Detection of Abnormality 

The time required for crews A through D to detect abnormality in each control 
system is as follows: 

Each captain first of all detected malfunction of the Pitch control system 
through inability to correct pitch attitude excursion, or unusual feeling on 
response to his input to the elevator or the horizontal stabilizer. and then 
detected abnormality of the roll control syste• through inability to suppress 
dutch roll motion and poor response to the aileron control. Detection of 
malfunction of the directional control system came firstly in the form of noticing 
inoperation of the yaw damper because of apparent dutch roll oscillation, and it 
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that strength of cross wind and effect of gust co~ponent must be taken into 
account. but conclusion was that the landing on the Haneda runway was possible 
ev~n ' if a portion of the vertical fin and the rudder were lost . provided control 
functi ons of the aileron system and the elevator system remained normal . 

Failure Configuration(!) 
In all cases except for one example in which landing on Haneda Runway 33R was 

tried. landing on the runway was given up, and a water landing was selected . later 
landings were possible with an airspeed slightly over 200 knots. if functions of 
the aileron and spoiler systea had remained normal. However . the variation in 
pitch angle at touchdown is of considerable amount . 

Failure Configuration(!)' 
In failure configuration~· where only the elevator system remains effective. 

the captains gave up landing on the runway, and instead tried a water landing. The 
simul ati on test indicated that water landings were possible with an airspeed under 
200 knots. a rate of descent under 300 feet per minute. and a pitch angle over 3° . 

3.1.9 Voice Analysis of CVR Record 

( 1) Stress estimated from CVR Record 
Many studies have been reported on the correlation between stress and the 

voice fundamental frequency of pilots and other crew members. An analysis was 
conducted to estimate stress of the crew of the accident aircraft from their 
voice record based on a method developped by Aeromedical Laboratory of Air Self · 
Defense Force (*Note). 

The voice fundamental frequency is the frequency per second of vibration of 
the vocal cords, and it is said there is a difference of about one octave between 
man and woman. In this analysis, 150 Hz for man and 240 Hz for woman. which are 
said to to be voice fundamental frequencies in normal conversations of the 
Japanese, were taken as standard frequencies. 

Table-8 is a grade table by which to evaluate a stress. in case it was 
caused, into grades (l ) to (9) with reference to increase of the voice fundamental 
frequency over the standard frequencies. 

Although a great number of the crew's voices are recorded in CVR and ATC 
communication record, the analysis was carried out on 67 cases of voice 
co11unication in the following six flight segments set up in the light of change 
in flight situation of the accident aircraft. and others: 

A. departure 
B. immediately before the abnormal situation occurred 
C. immediately after the abnormal situation occurred 
D. about 15 minutes after the abnormal situation occurred 
· (altitude about 22,000 feet) 
E. about 25 minutes after the abnormal situation occurred 

(altitude about 9.000 feet) 
F. immediately before crash 
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As seen in Table-9, there are many entries of the remark· ·unclear· in column 
·maxi1u1 of voice funda1ental frequency· of Section D of the table. The entry 
means that in this portion high harmonics of the voice fundamental frequency are 
unclear. which is said to be symptomatic of hypoxic hypoxia. The unclear har1onics 
1ay have been caused by hypoxic hypoxia they suffered from. The following are a 
list-up of portions regarded as hypoxia-related in CVR voice record. (see 
Attachment-6). 

(a) The volume of conversation between the captain and the copilot from the 
latter half of 18 hours 29 minutes through 36 minutes was remarkably little, and 
the conversation among t.he flight crew was also extremely little from 18 hours 40 
minutes to the first half of 43 minutes. (It is noted that after about 1845 when 
the flight altitude became less than 20.000 feet the conversation within the 
cockpit started to increases . and their answer was made to calls from the ground) 

(b) Although it was suggested by the flight engineer twice about 1833:50 to 
wear the oxygen mask, the captain disregarded it. just replying ·yes· in either 
case. 

(c) They did not respond to call 1ade by Japan Air Tokyo 4 times during 1833 
to 1843. Jn this connection. about one minute was necessary for the crew to decide 
to which of Tokyo and Osaka they were to answer. 

(d) For about one minute after about 1835 the tone of voice of the captain had 
been extremely raised. 
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.Table-8 Stress (Grade) Conversion Table · 
Stress Voice Fundamental Frequency ( Hz ) 

(Grade) Male Female 
........... (~!. ....................................................... J~.Q .......................................................... ~.4-~ ................... . 

(2) 151 164 241 262 ···········c35············· ··················1·5·5······· ............ i'a·2· .. ··············· ................ 2·53··················2·9·0-.................. . 

........... ~~!. ................................ ~-~.? ................... ?.Q.~ .................................. ?.~.~---· ··············· ~-?.? ................... . 
(5) 202 228 323 365 ···········cs)······--····· .................. 2·2·9· .................. 2s·i ................................. iss·········· .. ······4·i·a··· ............... . 
(7) 262 308 419 492 

::: ::::::::~~>.::::::::::::: .::: : : ::::::::::::~:~I::::::::::::::::::?.!:~:::::::::: : : :::::: :::::::::::::::~:~:?.:::: ::::::::::::::~:~:?. ::: ::::::::::::: ::: 
(9) 375 599 

Grade (1)-(3) represent degrees of stress caused generally under normal 
conditions. 

11 (4)-(6) represent degrees of stress caused generally under conditions 
somewhat abnormal but not yet reaching an emergency. 

// (7)-(9) represent degrees of stress caused generally under an e1ergency. 

Time 
Zone 

A 

B 

From past examples. it has been accepted that cool-headed 
disposition or judgement would become difficult to do under 
stress(9). 

Table - 9 Stress Analysis Table (Reference Material - Addendum 6) 
Utter- Maximum Voice 

No. Ti1e er Content of Utterance Fundamental 
Frequency and 
Stress Grade 

1 17:53:17 CAP Ah TOKYO clearance JAPAN AIR 123 136Hz(l) 
2 :59:38 CAP Clearance delivery JAPAN AIR 123 - - 154 (2) 
3 18:03:43 CAP Roger JAPAN AIR 123. 15 left 165 (3) 
4 : 07: 43 CAP Al fa 4 A runway to charl ie 7- - - 150 (1) 
5 :09:45 CAP Into position and hold 15- - - - - 150 (1) 
6 : 12: 24 CAP Roger JAPAN AlR 123 138 (1) 

7 : 16: 35 CAP Roger own navigation direct ah- - - 162 (2) 
8 :16:55 CAP TOKYO CONTOROL JAPAN AIR 123 passing 168 (3) 

-- -
9 :18:38 CAP Present position direct SEAPERCH-- 170 (3) 

10 :24:12 STI Someone want to do. May I 267 (3) 
peni t it. 

11 : II : 15 COP Be careful. 250 (6) 
12 ; II : 16 F/E Ok. be careful please. 290 (7) 
13 : II ; 17 COP Quick, 220 (5) 
14 : // : 18 STI Yes. thank you. ~ simultaneous ly 300 (4) 
15 : ,, : 18 F/E Be careful please. recorded 210 (5) 
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c 

D 

E 

F 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

57 
58 
59 
60 
61 
62 
63 
64 

:24:35 
: " : 39 CAP 
: " : 4 2 CAP 
: " : 43 COP 
: ":43 CAP 
: '' : 44 F /E 
: " : 44 CAP 
: ":46 CAP 
: ":47 COP 
: ":48 F/E 
: " : 51 COP 

:38:29 CAP 
: " : 30 COP 
:":32 f/E 
: " : 34 COP 
: " : 4 5 CAP 
: ":54 CAP 
:":55 COP 
:39:13 f/E 
: " : 18 CAP 
:40:00 CAP 
: " : 01 COP 
:":22 F/E 
: " : 2·3 COP 
:":41 CAP 
: " : 42 COP 
:41:00 CAP 
:":01 CAP 
: 43: 23 CAP 
:44:22 CAP 
: " : 23 COP 

18:47:53 CAP 
· ,, · ,, cop 
:47:59 CAP 
:48:00 COP 
:":02 F/E 
:":10 CAP 
:'':19 CAP 
: ":23 CAP 
: " : 25 COP 
: " : 51 COP 

:55:44 CAP 
: '' :47 CAP 
: ":56 CAP 
: " : 58 CAP 
:":59 F/E 
:56:04 CAP 
: " : 07 CAP 
:":10 CAP 

·sang· 
So111ething exploded? 
Squawk 77 
Gear door 
Check gear, gear. 
lhat 
Check gear. gear. 
Engine? 
Squawk 77 
All engine••· 
Look at this. 

Use both hand, both hand. 
Yes. 
How about gear down? Gear down. 
Sha! l we gear down? 
Doesn't work. Gear does' t go down. 
Lower the nose. 
Yes. 

Shall I lower it slowly by alternate? 
Yes. wait a moment. 
Ah, lower the nose. 
Yes. 
1 have lowered the gear. 
Yes. 
Lower the nose. 
Yes. 
Lower the nose. 
Never 1ind that. 
Lower the nose. 
Is the wheel pushed all the way? 
All the way, it's all the way . 

le' 11 hit a 11ountain I 
Yes. 
Max. porer. 
Max. porer. 
Keep trying, 
Left turn, this time. 
Ah. right right. lower the nose. 
Lower the nose. 
lheel is pushed all the way. 
Shat l I increase power? 

Hey, 'halt the flap. 
Flap, stop crowding together. 
Power. 
Flap. 
It is up. 
Raise the nose. 
Raise the nose. 
Power . 

-88 -

250 (6) 
290 (7) 
260 (6) 
240 (6) 
300 (7) 
270 (7) 
270 (7) 
260 (6) 
320 (8) 
275 (6) 

unclear ,, 
340 (8) 
unclear 

,, 
,, 

350 (8) 
240 (6) 
300 (7) 
240 (6) 
280 (7) 
210 (5) 
332 (8) 
320 (8) 
unclear ,, 

,, 

330 (8) 
250 (6) 
300 (7) 
280 (7) 
354 (8) 
362 (8) 
368 (8) 
400 (9) 
325 (8) 
280 (7) 

326 (8) 
400 (9) 
370 (8) 
410 (9) 
318 (8) 
360 (8) 
400 (9) 
380 (9) 



(3) Alert Sound in CVR Record (refer to Addendum 8) 
In CVR were recorded the .sounds of the cabin altitude alert, take-off alert, 

altitude alert. fire alert. stall alert and ground proximity alert. 

The times at which the alert sounds were aade and classifications of the 
sounds are shown in At tachment-6 ·cvR Record·. 

(4) Pre-recorded Announcement (hereinafter referred to as ·rnA·) (refer to 
Addendum 8) 

According to CVR record in Attachment-6, at 1824:37 the cabin altitude alert 
rung indicating that the pressure altitude of the cabin (including the cockpit. 
the same applies hereinafter) became about 10,000 feet. 

Soon thereafter. pressure altitude of the cabin increased to about 14,000 
feet. at which ti1e oxygen masks would have dropped, and at the same time PRA 
would have started. However. since PRA at this time was not recorded in CVR. an 
investigation was made on whether PRA was started without delay. 
From the investigation, it is estimated that the automatic playback equipment was 
activated at about 1824: 38. and 6-7 seconds thereafter started the announcement. 
The reason an initial portion of the announcement was not recorded is that the 
recording priority was given to a live announcement being in progress by a purser. 

(5) Alert Sound for Release of Autopilot 
DFDR record indicates that the autopilot switched from command mode to off 

position immediately after the sound like ·bang· occurred, but it was unable to 
confirm the alert sound to be emitted at release of autopilot in CVR voice record. 
Although an investigation was made on the alert system for the reason, but it 
could not be deter1ined. 

It is noted that a voice of the captain ·don't bank so much. It's manual· was 
recorded at 1826:03, which may be construed as the autopilot having been released 
already at this time-. 
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3.1.10 Acoust~c Analysis of CVR Record (Reference Material ~ Addendum 9) 

3. 1.10.l Investigation on Acoustic Propagation Characteristics of Airfra1e 
as well as Playback Characteristics of CVR 

In CVR were recorded voices. sounds, radio communications. etc within the 
cockpit for about 1824:12 hours to about 1856:28. The CVR has 4 record tracks: 
one for voices from the mike; the other three for voices of radio communication 
or intercom. selected by the captain, the copilot, and the flight engi.neer. 
respectively. 

Since · the acoustic signal analysis requires to measure in advance the 
acoustic propagation characteristics in the airframe as well as the recording and 
playback characteristics of CVR. the following investigations were conducted: 

(1) Investigation on Acoustic Propagation Characteristics of the Airframe 
An area mike is installed ~ear the center of the cockpit ceiling. As 

propagation paths through which a sound originating in an aft fuselage area 
distant from the cockpit reaches the area mike. the paths through the solid 
airfra1e as well as Paths through outside of the airfraae must be taken into 
consideration, in addition to the paths through inside of the airframe. 

The acoustic propagation characteristics are considered considerably 
complicated, because, propagation of sound is affected by pressures in and out of 
the airframe. air temperature, and airspeed. Therefore, the investigation was made 
during flight as well as on the ground for items which require measurement in 
flight, using the same type of aircraft as the accident aircraft. 

As a result of the investigation, it was found that the propagation of sound 
from af t fuselage is mainly through inside of the airframe, because the sound 
insulation effect of the airframe is great and the attenuation of propagation of 
sound through solid is also considerably great. 

(2) Investigation on Recording and Playback Characteristics of CVR 

. An investigation was made on the recording and playback characteristics of 
the CVR. using CVR of the same type as used in the accident aircraft. 

Fro1 the investigation were obtained the frequency characteristics and extent 
of leakage of frequency components of the power supply which are necessary for 
analysis of Played-back sigrials of CVR. 

3. 1.10.2 Acoustic Analysis of CVR Record 
(1) A Sound like ·bang· 

A sound like ·bang· was heard from 1824:35.5- 35.6 to 1824:37 . 0. The 
frequency analysis made on playback signals of CVR around this period indicated 
that the sound was composed of several groups. The playbacked wave of CVR and its 
sound spectrograin are shown in Figure-16. 
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Since a wide distribution of frequencies involving extremely low frequencies 
· is seen in the initial portion of this sound. the sound is estimated to have been 

an impulsive sound accompanied by a voluminous air flo~. It is further estimated 
that the series of sound subsequent thereto was a complicated combination of 
sounds from several different sources and sounds generated by resonance or 
reflection from parts of the airfraae. 

Although the initial sound began at 1824:35 .5-35.6 as far as it it heard 
auditorllY. a further precise frequency analysis showed there was a symptom that 
this sound had already started in a frequency band earlier at about 1824 :35.3 
- 35. 4. 

Then. the frequency variation of leak components of the CVR power supply 
frequency (400 Hz) was investigated. for the purpose of analyzing the vibration to 
which the CVR proper was ·subjected. The investigation revealed that a large 
frequency variation attributable to a vibration had been recorded in the 
neighborhood of 1824:35.2 which ls 0.1-0 . 2 second earlier than the time t he above 
symptom was recognized . 

The reason such a large frequency variation was recorded is estimated to be 
that an airframe vibration of such a large extent as not to be absorbed by the 
damp ing dev i ce as well as violent air flows occurred in the neighborhood o~ the 
place the CVR proper is installed. 

If it i s presumed that the remarkable frequency variation recorded in CVR and 
the initial sound were of the same source. fro• above results. It is estimated 
that the source should be located several tens of •eter distant from the area mike 
when the time difference between them and the velocity of sound are taken into 
account. and this ls not inconsistent to the distance of about 54 meters between 
CVR proper and the installed location of the area mike . 

(2) Whistling Sound 
From about 1829:30 up to the crash are intermittently recorded whistling 

sounds which continued for 1 to 6 seconds and might be considered as wind sough. 
The ~ajor frequencies of theie sounds are 1.350 ttz. 1.140 ttz, or 680 Uz. The 
duration and strength of each sound are irregularly variable as a whole. but In 
soae portion they are repeated with a certain cycle. 

Check by a comparison of sounds ~ecorded on CVR with flight conditions 
recorded on DFDR Indicated that all these sounds were caused when lateral 
acceleration was minus (leftward acceleration) and that their occurrence was 
related also to Pitch toward nose-down as well as comparatively high engine output . 

From the above . . the possibility would be high that the whistling sounds are . . . . 
wind ~oughs caused when air currents whlch strike the cockpit and Its vicinity 
•eet a certain condition. but the origin of the sounds and others could not be 
clarified . 
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(3) Noises 
On the track for the area mike of CVR were recorded noises attributable to 

engines, or frictions of air currents around the airframe throughout fro• the 
beginning to the end of record . These noises vary from time to time depending on 
the flight conditions (altitude, velocity, attitude. engine power. etc) of the 
accident aircraft. 

Figure-16 
CVR Playback Jave <D and 

:1824:35. 5 36.0 

CVR Playback Jave and its Sound Spectrogram 
its Sound Spectrogram <2> 

36.5 37.0 37.5 
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3.1.11 Tests and Investigation on Variation in Behavior related to 
Hypoxic Hypoxia (Reference Material - Addendum 10) 

When the air at a very high altitude is breathed, hypoxic hypoxia is suffered 
from because the organism can not take in a sufficient amount of oxygen due to low 
oxygen tension in inspired air in the air. 

Under hypoxic hypoxia, supply of oxygen to the brain tissue decreases, 
capability to perform intelligent work and activity deteriorate. although 
different for each individual. with the risk of causing unconsciousness. depending 
on the altitude and duration of exposure. 

It is conceivable that the flight crew of the accident aircraft suffered from 
hypoxic hypoxia because they might have been in· flight for about 18 minutes 
without pressurization nor oxygen mask at an altitude more than 20,000 feet. In 
order to study whether they suffered from hypoxic hypoxia or not, the following 
tests and investi&ation were conducted, using a low pressure chamber of Aero ­
medical Laboratory of Air Self -Defense Force. 

3.1.11.1 Test Method 
(1) Test 1 

To investigate deterioration of ability to perform intelligent work due to 
hypoxic hypoxia at an altitude of 24 . 000 feet. two subjects (male A. age 26; male 
B. age 28) were taken on board the low pressure chamber with oxygen masks put 
on. and the cha1ber was depressurized to a pressure equivalent to an altitude of 
about 24.~00 feet in about 8 minutes. 

The subjects took off the misk at the altitude and worked on an assignment 
for about 12 minutes. 

The assigned work consisted of a subtraction of two-digit figures involving 
borrow and reading aloud ot a short sentence issued alternatively at a 15 second 
interval. Each assignment was periodically displayed on a CRT by a a desktop 
computer. The answer to the subtraction was input by the subject through keyboard 
and pushing return key. 

When the input answer was correct. the display to that effect was made. l hen 
it was erroneous, the display to that effect was made together with a beep, and 
re-try was requested. However, if 15 seconds has elapsed from the onset of an 
assignment. it was erased from the'screen regardless of the subject's response, 
and a next assigned sentence to be read aloud came into display on CRT. 

The sentence to be read aloud was displayed in ·hiragana· and ·katakana· 
(Japanese systems of alphabets). and the subjects were requested to read it aloud . 

(2) Test 2 
One subject (male, age 48) and three fellow riders (male, age 31; male, age 

29 (also acting as attendant doctor); female. age 24). were taken on board the low 
pressure chamber with oxygen masks put on except for the subject. In order to 
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simulate roughly the pressure change ln the cockpit and passenger cabin or the 
accident ·aircraft, depressurization was carried out in such a manner that the 
pressure ·was · flrst decreased to that equivalent to the passenger cabin altitude of 
650 feet, then decreased to the pressure equivalent to the altitude of 24.000 feet 
i n almost five seconds , and thereafter was maintained at the press ure equivalent 
to an altitude of more than 20 , 000 feet for about 20 minutes . 

The subject worked on the same assigned task as ln Test I above without the 
oxygen mask from start to end or the test. The two fellow riders other than the 
attendant doctor were engaged in a selec~lve response task with oxygen masks for 
the first 10 ainutes. and without masks for the succeeding 10 minutes, in the 
period of 20 minutes after the abrupt depressurlzation. The remaining fellow rider. 
acting as attendant doctor, was subjected to the selective response task with the 
mask on for the 20 •i~utes period . 

In the selective response task. a fellow rider was requested to push the 
switch at hand when the lamp of pre -assigned color for him was lit among three 
lamps of red, blue, and yellow which was irregularly lit . If the switch was pushed 
correctly , the lit lamp went off . 

The reaction time from the lamp was turned on till the switch was brought on was 
measured by a desktop computer and recorded. 

Through Test l to Test 2. a medical doctor was on board t he chaaber. to 
ensure the safety of personnel on board and chamber operators . 

(3) Supplementary Test 
In the tests above. the amount of oxygen exhausted from persons with the 

oxygen mask put on •aY not be negligible. because a number of persons were on 
board the low pressure chamber of a relatively small scale. 

The tension of oxygen ln the chamber was, therefore, measured in a flight 
conducted under the saae conditions as in Test 2 with the sa•e nuaber of persons 
on board as in Test 2. 

Although the partial pressure of oxygen at a pressure a'ltitude or 24.000 feet 
used in Test 2 should be theoretically about 62 ··· Hg, the oxygen tension measured 
64.4 mm Hg, which was equivalent to the partial Pressure of oxygen at an altitude 
of about 2a.ooo reet. 

(4) Test Environment 
· In the tests above, subjects and fellow r iders got on board the low 

pressure chamber with the previous knowledge that they would be placed under a 
hypoxic condition while working there. Temperature. humidity and noise were not 
regulated in the low pressure cha1ber. 
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3.1.ll.2 Test Results 
( 1) Test l 

A to the task of subtracton, correctness and response time of th~ answer 
were analyzed; while as for the task of reading aloud of a short sentence. 
measurement was made of the average voice fundamental frequency, utterance ti•e 
( Lime from start to end in reading the sentence). and the maximum value of sound 
level . 

Results of the assignment tests were reviewed in comparison with those 
obtained in advance using the same method on the ground (under the standard 
atmosphere). 

In the test on the ground under the standard atmosphere, a reduction in 
response time to the subtraction was seen. False ans wers were found in a 
comparatively early stage, but they disappeared ln the latter hair of the pirlod, 
due probably to ramiliarizaton to the assigned task. 

As to the voice index, the read ing-aloud in the first tiae showed a somewhat 
high average voice fundaaental frequency, but remained constant thereafter . 

In the test at the 24.000 feet altitude, the subject ·A· showed, after the 
elapse of about 5 minutes. significant increase in response tlae, frequent false 
answers. decrease in the average voice fundaaental frequency, increase in . 
utterance ' tlme, and decline in aaxiaum sound level . Further1ore, the abnor1allty 
was also found that he tried to read aloud the same sentence several times. 

With regard to harmonics of the fundamental Joice frequency, the sound level 
started to decrease 5 minutes after the onset of the task mainly in frequencies 
over 500 Uz, and the trend was maintained until the end of the work. 

On the other hand. the subject ·s· made frequent false answer after the 
elapse of about 4 minutes. and showed a slight increase in response time after the 
elapse of about 9 minutes. No distinct change in the average voice fundamenta l 
frequency was observed . The utterance ti1e seemed to indicate a somewhat 
increasing trend. There was no change in maximum sound level. Abnormality in 
utterance behavior was observed only one time at the elapse of 11 ainutes. 

As to haraonics components, a decrease ln the acoustic pressure of the 
order of 2 KHz- 3 Kllz was seen at the elapse of 3- 4 ai nut es after the task was 
started. but It recovered thereafter.. 

There was found no individual dlfference between the two subjects in the 
assigned work on the ground, but the difference was observed under tbe hypoxic 
conditions at the altitude of 24,000 feet. 

(2) Test 2 
(i) No subjects and fel low riders showed SY•Ptoms of decompression sickness 

when the rapid deco~pression was induced to the pressure of equivalent to the 
altitude of 24,000 feet. 

- 95-



a a 

a 



a 
a 

a 

a a 

a 



point would be estimated as 2.0-2.3 seconds. 

On the seismometer of the observatory the vibration was recorded from about 
1856:27.2 hours. At the outset a bit-by -bit wave continued for about 3 seconds. 
a~d thereafter about 56' 31.2· a wave of high frequency was acknowledged. and from 
about 1.5· thereafter. which is about 56' 32. 1· a big wave was recorded. followed 
by vibrations which were repeated for more than 10 seconds but gradually subsided. 

A big wave recorded at approximately 1856:32. 7 is regarded as caused by the 
crash on the ground of the accident aircraft. and the tine the aircraft crashed 
is esti111ated to have been 2.0-2.3 seconds earlier. i.e .. approximately 1856:30.5. 
The time above is almost consistent with the crash time estimated from DFDR record. 

The bit-by -bit wave and the high frequency wave recorded before approximately 
1856:32. 7 are estimated to be ones originated at the time engines and part of the 
airframe dropped down. and the waves thereafter are estimated to be reflexed or 
scattered waves of the shock caused at the time of crash of the accident aircraft. 

3.1.12.3 Detectability of Cracks by Visual Inspection 
(Reference Material - Addendum 12) 

At rivet hole edges of Ll8 splice of the aft pressure bulkhead of the 
accident aircraft. a number of cracks were initiated and propagated. A study was 
made on the possibility of detecting these fatigue cracks by visual inspection 
at the time of inspection and maintenance. 

The crack length detectable by the visual inspection depends on crack length. 
crack shape, location where the crack exists. accessibility to the crack for 
inspection. existence of coating/stains, experience and ability of the inspector, 
and other factors. 

As to the relationship between the crack length and the crack detectability, 
documents relating to the study on the damage tolerant design, records prepared by 
aircraft operators on the basis of their inspection and maintenance results and 
others. are so far avaialble. but their data of detectable crack length a·re 
considerably different from each other due to involvement of the various factors 
1entioned above. However. it would be possible to say that cracks of 1-2 inches 
are detectable in the average case where there would be less related factors to 
impede the detection. 

(1) Fatigue cracks in Ll8 splice of the aft pressure bulkhead of the accident 
aircraft 

Based on the fatigue crack data of Ll8 splice (refer to 2.14.1 . 5). an 
estimation was made on the length of fatigue cracks at the time No. llC maintenance 
was cbnducted on. Dece1ber 1984 before this accident. The estimation indicated that 
large ones would have been of the order of average of both side 10 mm long 
(visible crack length: 8 mm *l) at this time. 
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* 1 The visible crack length is the length of the crack fo be visible when 
the aft pressure bulkhead is inspected from the back. subtracting hidden 
portion by the manufactured rivet head and the strap from estimated 
crack length. 

(2) Probability of detecting fatigue cracks in Ll8 splice of the aft pressure 
bulkhead of the accident aircraft 

A study was conducted on the probability of detecting the fatigue cracks 
which were propagating at a number of rivet hole edges of L18 splice by a visual 
inspection at the time of No.llC maintenance corresponding to G2 level _where 
locations to be inspected are not directed (refer to Attachment 2). 

(a) · Major assumptions used in the study were as follows: 
The probability of detecting a crack by a visual inspection corresponding 

to G2 level is a function of crack length and is represented by a 
three-parameter Weibull distribution function. 

0.08 inch (2 mm) and 0.12 inch (3 mm) are used for the minimum detectable 
crack length. and the probability of detecting a crack of one inch (25.4 mm) Jong 
is 50 % . 

(b) The study revealed the following results : 
The probability of detecting a fatigue crack of the order of 10 mm in visible 

crack length was calculated to be roughly 10 % . 

The probability of detecting at least one out of a number of fatigue cracks 
propagating at Ll8 splice was calculated to be of the order of 14-60 %. 

In case the possibility of detecting fatigue cracks is discussed using this 
result. consideration should be given to the assumptions 1entioned in (a) and to 
the influences of other faclors relating to the detection of cracks. 
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3. 2 Analysis 
3.2.1 General Matters 

(1) The flight crew were properly qualified and had passed the established 
medical examination. 

(2) The accident aircraft flew a detour south of the usual route. for the 
reason that the echo from cumulonimbus in the vicinity of Kowa has not vanished 
completely on the meteorological radar screen and almost no echo was recognized on 
the sea to the south . 

It is not conceivable that meteorological conditions in areas related to the 
flight course of the aircraft from the occurrence of the abnormal situation up to 
the crash directly affected the flight of the aircraft. judging from 
meteorological data and statements of eye witnesses. although the areas were 
scattered with low. middle and high layer clouds . 

(3) Functions and operational conditions of aids to navigation related to the 
flight of the aircraft are acknowledged to have been normal. 

(4) The aircraft had a valid. airworthiness certificate. and had undergone the 
established maintenances and inspections . 

3.2.2 Repair of damage following the accident at Osaka International Airport in 
1978 as well as operations and maintenances/inspections of the aircraft 
thereafter . 

A study was made on the relationship to this accident of the repairs of 
damage by the accident at Osaka International Airport in June 1978 (refer to 
Attachment l) and the situation of operations. maintenance and occurrence of 
discrepancies thereafter (refer to Attachment 2). 

( 1) Repairs of damage by the accident at Osaka International Airport 

(a) It is acknowledged to have been proper that the repair work related to 
struct ures of the aircraft was accomplished by the Boeing Company for JAL by the 
contract. because the aircraft was manufactured by the company and that the 
company had much experience in the repairs with satisfactory achievements in the 
past. 

(b) The repair plan of the aircraft agreed on between JAL and the Boeing 
Company is considered to have been virtually proper . 

(c) lhen the lower half of the aft pressure bulkhead deformed by the accident 
was removed and was being replaced by the new one in accordance with the repair 
plan. · it was found by an inspector of the Boeing Company that there were locations 
where the edge margin around the rivet holes on the splice surface (L18 splice) 
between webs of the upper half and the lower half of the bulkhead was less tha~ 
value specified in the structural repair manual. 
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The reduced edge margin is estimated to have been caused br one or a 
combination of the following: 

a) disorder in alignment of rivet hole rows existent on the upper half of the 
aft pressure bulkhead 

b) deformation of the upper and the lower half of the bulkhead which is of a 
thin plate structure. 

c) deformation of an aft portion of the fuselage due to shock at the time of the 
ace ident. 

d) deformation caused by removal of part of an aft portion of the fuselage for 
the repair work. and 

e) short di1ensions of the cut end of the upper edge of the web of the lower 
half of the bulkhead. 

To prevent the airframe from deforming, the aft fuselage was supported by 
additional jacks; nevertheless. some deformation might have remained in the aft 
fuselage. In this connection. it might have been possible to use special tools in 
order to prevent the fuselage from deforming and to facilitate the installation of 
the lower half of the aft pressure bulkhead. but no such work was carried out. 

Prom this, it is considered that concern against deformation of the aft 
fuselage, etc. was somewhat insufficient in the repair work of the aft pressure 
bulkhead. 

(d) As a corrective measure of the shortage of edge margin mentioned above. 
an instruction to make a splice joint by inserting a splice plate was issued by an 
engineer of the repair team of the Boeing Company. The instruction is considered 
to have been virtually pertinent. 

(e) During the repair. work was carried out in which one splice plate 
narrower than described in rework instructions. and one filler were applied. 
instead of one splice plate . No written record. however. was found to the effect 
that such work was done. 

It is estimated that during this rework. part of LI8 splice which should have 
been spliced by two -row rivets beca1c spliced by one -row rivets, with the result 
that the strength of this part decreased to about 70% of the original strength . 
Prom this, it is estimated that these portions was brought under a condition 
susceptible of occurrence of fatigue cracks. 

This work was inspected by an inspector of the Boeing Company, but he could 
not find that it was different from the instruction. 

(f) On the webs of the aft pressure bulkhead repaired in such a way were 
found six oil cans. It is conceivable that they were caused by the effect of 
deformation which might have been remaining on the aft fuselage as stated in (c) 
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above. or by the difficulty in splicing with rivets the bulkhea'd having not enough 
rigidity in a workshop. 

(g) Inspection· on the repairs accomplished by the Boeing Company was made by 
their inspector in accordance with the regulations of the Boeing Company as 
approved by FAA. JAL made confirmation by their inspectors and other personnel on 
whether each work item had been accomplished as stipulated in the contract. and at 
the same time conducted an acceptance inspection including atfendance at 
inspection on items established in advance. 

Civil Aviation Bureau, on application from JAL of inspection on repair or 
modification in accordance with the Civil Aviation Law. made inspection on the 
repair plan, the process of repair and the condition after completion of the work. 

It is considered that such inspection methods were in conformance with what 
was accepted as the general inspection method on repair and modifications. This 
involves checks by the airworthiness engineers of CAB on the repair plan 
through reviewing the drawings submitted from the applicant. checks on the repair 
process based on work records, as well as inspection on the condition after 
completion of the work such as general external inspect'ion. functional tests on 
the ground and flight test (refer to 11 of Attachment 1). 

(h) It is conceivable that the confirmation by a visual inspection of the 
work results inconsistent with the afore-mentioned instruction was impossible 
after the repair work of the bulkhead had been completed. because the edge of the 
said splice portion was covered by fillet seal. 

(i) It is considered that the method of management for the work including 
the inspection of working process was in part insufficient in pertinency. 

(2) Operation. Maintenance and Malfunctions after 1978 
(a) The accident aircraft underwent an incident at the time of landing at 

Chitose Airport August 1982. in which .No.4 engine pod struck the runway. But. 
repaired were only the engine and the engine cowling, and none of these are 
considered as relevant to this accident. 

(b) In operations of the accident aircraft. after July 1978. a considerable 
number of discrepancies were reported. Out of these, the discrepancies related to 
the aft fuselage and the vertical fin were investigated. The investigation showed 
that they were not related to this ~ccident except for malfunctions of 
lavatory doors as referred to in (c) below. because their occurrence is common to 
other aircraft of the same type. 

(c) During the period February-August 1985. 33 cases o.f malfunction of 
· lavatory doors were re~orted, out 6f which 28 cases were with the lavatory located 

aftmost of the passenger cabin. and 22 cases were on the Guam flight (Osaka-Guam. 
Guam-Osaka). Investigation made of the malfunctions on the Guam flight (refer to 
1.6.2 of Attachment 2) revealed that they would be attributable to loading a large 
amount of supply materials in the coat room aft of the passenger cabin. which had 
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been specific to the Guam flights. 
However, the possibility could not be denied completely that deformations 

caused in aft portions of the airframe by the accident of June 1978 had been 
connected to malfunctions of the lavatory doors. 

(d) It is considered that the intensity of cabin pressurizati on affected the 
propagation speed of fatigue cracks found in L18 splice of the aft pressure 
bulkhead (refer to 3.1.1 and 1.7 of Attachment 2). 

(e) The maintenance procedure which had been applied to the accident aircraft 
is as shown in Attachment 2 and it is the procedure JAL is applying ordinarily 
their fleet of Boeing 747SR- l00. 

(f) Detailed maintenance of the airframe is mainly carried out by C 
maintenance (every about 3,000 hours). Maintenance work is conducted in accordance 
with each work card. lith regard to the aft pressure bulkhead there are 10 work 
cards. mainly concerning inspection of corrosion on the lower part of the bulkhead 
and inspection on the Y chord etc. The juncture of webs such as Ll8 splice of the 
bulkhead was not designated as special inspection locations. and its inspection 
was not designated as specified inspection locations. and its inspection was made 
within the overall visual inspection (equivalent to G2 level) of the rear surface 
of the aft pressure bulkhead. 

The reasons such maintenance procedures were adopted would be the judgement 
that a general visual inspection 1ainly for corrosion would be sufficient because 
enough margin of strength is provided at the web splice joint in the design of 
structural strength of Boeing 747. and there were no precedents in which defects 
such as dangerous cracks were found on this portion in the operations of other 
aircraft of the same type. 

(g) Up to the occurrence of this accident. C maintenance was conducted 7 times 
including C maintenance made together with the repairs of July 1978 (No.SC). None 
of the discrepancies matters found in these maintenance nor in A maintenance 
(everyabout 250 hours) subsequeni thereto were recognized as relevant to this 
ace ident. 

Several cases are recorded of defects (such as leak of air) on L-5 and R-5 
door (aftmost doors of the passenger cabin) . but they could not be considered as 
relevant to this accident, because these were caused by deterioration of door seal . 
etc. 

th) Tabacco nicotine found adherent between webs of L18 splice of the aft 
pressure bulkhead was concentrated at rivets No. 21-78. Blow-out of nicotine to 
the non-pressurized side was found at two places between the lower web and the 
splice plate · in the neighborhood of No. 41 and No.50. 

From these. it is conceivable that the repair work made to Ll8 splice 
contributed to the adhesion and blow -out of nicotine. However, the nicotine 
adhesion to the splice surfaces between webs could not have been discovered by the 
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visual check on the surface. It was impossible to determine wh~ther " the blow-oui 
of nicotine to the non-pressurized side already existed or not at the time of the 
previous C maintenance (No.llC). 

(i) A number of fatigue cracks were under progress on rivet hole edges of Ll8 
splice of the aft pressure bulkhead of the accident aircraft as shown in Table-4 
and Figure-7. It is estimated that some of these fatigue cracks had reached as 
much as 10 mm in length at the time of No.II C maintenance in December 1984. 

lnspec~ion on this portion at the time of C maintenance is a visual 
inspection equivalent to G2 level as referred to in (f) above. The probability to 
discover a fatigue crack by such a visual inspection is dependent upon length. 
shape, and location of the fatigue crack. and technique and experience of the 
person in charg·e of the inspection, and other conditions . 

Result of a study made on the probability of discovery indicated that no 
definite decision could be made on whether it could have been possible or not to 
discover the fatigue cracks in L-18 splice by the inspection method applied in 
the C maintenance. 

(j) The inspection method of the aft pressure bulkhead in the time of C 
maintenance might have been an appropriate method. because it was unconceivable 
at the time of the said C maintenance was conducted that a number of fatigue 
cracks came .into existence in this portion, provided the bulkhead was manufactured 
normally and repair work was done properly . 

However. it is considered that the inspection was not complete in part. in 
·view of the fact that such fatigue cracks as in this case which caused the aft 
pressure bulkhead to rupture were overlooked, although they were res ults of the 
original r.epair work . 

3. 2. 3 Analysis of Damage to Airframe in Initial Stage after Occurrence of the 
Abnormal $ituation 

A study was made on the process of destruction of the constructural parts and 
major materials whose damage would have progressed in the early stage of flight 
after the abnormal situation occurred. based on status of wreckage of the airframe. 
the test and research for analysis of destruction, and analytical calculations. 
and also reference being made to analytical results of DFDR record and CVR record , 

3.2 . 3. 1. Rupture of Aft Pressure Bulkhead 
The rupture of the aft pressure bulkhead located at Bv2360 is estimated to 

have progressed as follows: 
(1) Propagation of fatigue crack at Ll8 splice 

As st ated in para.2.14. 1. a number of fatigue cracks regarded as caused by 
the repetitive load of fuselage inner pressure were found on rivet hole edges of 
Ll8 splice. From an observaton by the electron microscope, the number of 
repetition of the inner pressure load required for the propagation of these 
fatigue cracks was estimated as the order of 10,000 times. which almost coincides 
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with the number of flights 12,319 (refer to 2.7.1) after the repair of the aft 
pressure bulkhead in 1978. 

From this. it is estimated that fatigue cracks at L18 splice began to 
generate immediately after the repair of the bulkhead, and propagated on hole 
edges of a half of the rivets with repetition of flight, reaching as much as about 
280 mm in total length immediately before the accident. 

(2) Rupture of Ll8 Splice 
It is estimated that at the time the accident aircraft climbed to about 

24.000 feet. the differential pressure between the pressurized passenger cabin 
and outside atmosphere became 8.66 psi, and L18 splice having the afore-mentioned 
fatigue cracks was brought into a total fracture, initiated by fracture of bay 2 
as has been described in para.3.1.3. 

(3) Progress of Subsequent Rupture 
It would be difficult to make a detailed analysis of the progress of ruptures 

after the fracture of Ll8 splice. because the ruptures were impulsive and followed 
by considerable deformations. However, the following would be a destruction 
process considered highly probable in which status of ruptures, structural 
dimensions. etc are taken into account: 

The fracture which progressed rightward (as viewed from aft of the aft 
pressure bulkhead) of L18 splice detoured clockwise along the collector ring 
located in the center of bulkhead and advanced upward along R6 and L2 stiffener. 
On the other hand, the fracture which progressed leftward of Ll8 splice advanced 
upward along Y chord on the outboard side. 

Subsequent to these ruptures, the portion of the bulkhead involving part l 
and part 2 (see Attached Figure-32) was blown up and rearward by pressure. and 
collided with the fuselage frame located at BS2412. The bent as shown by dotted 
lines in Attached Figure-32 is considered to have been caused at this time. 

The area of the opening caused in such a way is estimated to have been of 
the order of 2-3 square meters. 

The part 2A portion is considered to have been separated from part 2 which 
was blown up, being restrained by cables running through therein. The part 1 
portion would also have been subjected to a restraint due to several cables 
passing through it. 

3.2.~.2 Rupture of Eapennage including APU Firewall 
The pressurized air of the passenger cabin would have discharged from part 1 

and part 2 of the aft pressure bulkhead accompanied by a shock wave. However, it 
would be unconceivable that the APU firewall was damaged by the shock wave. in the 
light of the fact that the cross section of the fuselage aft of the aft pressure 
bulkhead is by far larger than the area of the opening in the aft pressure 
bulkhead and that there are many obstacles within the empennage such as the pass· 
through portion of the horizontal stabilizer and fuselage frames. It is therefore 
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estimated that the rupture of structures due to discharge air w~s caused by a 
static increase of pressure. 

(1) Pressure Relief Door 
This door was discovered in the v1c1n1ty of the crash site. A breakup 

investig~tion and tests were conducted on whether this door was opened in the 
early stage of this accident.but it was impossible to clarify it(refer to 2.15.5). 

However. the possibility is considered high that the door opened because of 
the design to open at a pressure differential of 1.0-1.5 psi. and the condition 
of damage of the door. Even if the door opened. the pressure inside the 
empennage would have increased abruptly because the opening area was not large 
enough to discharge the air which flowed in from the opening of the aft pressure 
bulkhead out of the aircraft. 

(2) Rupture of Structures in the Vicinity of the APU Firewall 
It is estimated that the APU firewall buckled first at lateral beams except 2 

and 4 due to ·abrupt rise of pressure in the eapennage and then the entire firewall 
was separated together with structures including the APU proper located aft 
thereof by a differential pressure of the order of 3-4 psi. 

(3) Other Ruptures 
Almost simultaneously with the ruptures above. the position sensor ' of the 

horizontal stabilizer installed aft of the pass -through portion of the horizontal 
fin would have ruptured . 

3.2.3.3 Rupture of the Vertical Fin 
It is estimated that the inner pressure of the fore portion of the empennage 

and the inside of the vertical fin leading thereto increased. although the· 
pressure relief door opened. the APU firewall was broken, and the air was 
discharged outside of the aircraft; and that when the pressure reached about 4 psi. 
rupture of the vertical fin started at the fixture between the aft torque box's 
stringer and the rib chord. · 

Subsequent to the above. rupture of main structural •aterials of the aft 
torque box. collapse of the rear spar. and separation of the rudder would have 
been caused. However. it was impossible to determine in detail the destruction 
process (refer to 3. 1.2). 

The striped black marks found on a part of the vertical fin· skin as referred 
to in para. 2.16.2 could be considered aluminum alloy powder which was caused by 
friction in flight of the skin with rivets loosened when the vertical fin 
fractured by the inner pressure and developed into a striped form up to t .. e time 
the aircraft crashed, being mingled with a part of the hydraulic liquid gushed out 
due to fracture of the hydraulic line as mentioned in para.3.2.3.4. 

3.2.3.4 Rupture of Hydraulic Line for Control System 
As to the hydraulic l ine for the control system, it was impossible to locate 

parts due to severe damage caused by crash . 
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However, since the hydraulic line to the rudder PCP is lai~ down from the 
fuselage near BS2540, along the rear surface of t~~ v~rtical fin's aft torque box, 
to the upper portion of the vertical stabilizer, it is conceivable that subsequent 
to the collapse of the aft torque box and the separation of the upper and the 
lower rudder after the abnormal situation occurred, the four systems of hydraulic 
lines to the rudder PCP' s were fractured at the bent between the fuselage near 
BS2540 and the stabilizer. or near the lower half portion of the ' vertical 
stabilizer's aft torque box, with the result that the hydraulic liquid was lost. 

From the result of investigation in para.2.16.2. it is also estimated that a 
portion of the lost hydraulic liquid gushed out to the inside of the fuselage aft 
of the aft pressure bulkhead: 

3.2.3.5 Rupture of the Aft Passenger Cabin 
It is acknowledged that the aftmost lavatory of the passenger cabin and part 

of cabin interior 1aterials in the vicinity were damaged.by air current which 
flowed out of the broken aft pressure bulkhead, and dispersed aft of the 
pressurized cabin. judging from the fact that a considerable amount of 
thermoinsuling materials installed on the inside of the pressurized cabin was 
found aft of the pressurized cabin and inside of the pressurized fin. and that a 
part of panels of the aftmost lavatory in the cabin and fragments of cabin 
interior materials were discovered from the ground where the operating gymbal of 
the horizontal fin fell down (refer to 2.4.2.3 and 2. 15.1). 

The possibility is conceivable that other parts were also damaged. but it was 
impossible to clarify it . 

3.2.3.6 Time Required for the Airframe to rupture in the Initial Stage after the 
Occurrence of the Abnormal Situation 

The time required from rupture of aft pressure bulkhead to rupture of the 
empennage including the APU firewall and rupture of most of the vertical fin is 
estimated to have been as short as several seconds. 

3.2.4 Analysis of the Situation at the Time of Crash and Fracture of the 
Airfraae thereafter 

3. 2.4.l Status of the Accident Aircraft at the Time of Crash 
(1) Status of the Accident Aircraft i1mediately before Crash 

The last data readable from the DFDR record of the aircraft are as follows: 
Airspeed (CAS) 263 . 7 knots 
Heading (HDG) 277.l 
Pitch angle (PCll) -42 . 2° 
Uoll angle CRLL) 131.5° 

The track at this time is estimated 304° . The aircraft was devoid of 4 
engines. the vertical fin. the horizontal fin and aft empennage aft of BS2484. 
and the right wing tip structure including the skin and part of the leading edge 
and the trailing edge flap would have been separated from the airframe. 

(2) Status of the Accident Aircraft at the Time of Crash 
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The time the aircraft crashed is est[mated to be approxim~tely 1856:30 
hours based on the time of contact with the U-ditch. etc. From the last data 
recoreded on DFDR and the status of scattered wreckage at the crash site. the 
status of the aircraft at the time of crash is estimated as follows: 

Heading (llDG) : 220±40° 
Pitch angle (PCll) :-70±20° 
Roll angle (RLL) 60±30° 
Flight course : 310± 10° 

Fron the data. the possibility is considered high that the aircraft. taking 
an almost upside -down attitude with the nose down and heading to the south-west 
and with the tail turned up and toward the north-east. crashed with the righthand 
wing turned down and the lefthand wing up, 

3.2.4.2 Progress of Destruction of the Airframe by Crash 
(1) Status at the crash point (see Attached Figure-14 and -15) 

The possibility would be high that the collision and rupture of the aircraft 
at the crash point progressed as follows: 

(a) First. the right wing tip smashed into a point slightly below the 
provisional heliport on the slope. And almost at the saae time. the upper part of 
the leading end of the fuselage smashed into a point about west of the smash point 
of the right wing tiP. 

(b) Thereafter, the rupture due to the smash progressed from the right wing 
tip and the upper part of the leading end of .the fuselage . 

(c) The rupture of the right wing advanced up to its base portion. during 
which structural parts of the wing were broken into small fragments and most of 
them were dispersed on a north slope on the side of the 3rd branch of Sugeno Dale. 

(d) Jn the same manner, the rupture of the fore fuselage advanced up to 
81480-1694 (aid fuselage). Since the fuselage smashed into the ground from its 
upper portion. the upper structural parts were compressed and broken into small 
fragments . while the lower structural parts broken into comparatively large 
fragments. and both were dispersed near and along the ridge line. The cockpit and 
internal structures of the passenger cabin fore of the vicinity of 8$1480-1693 
were also destroyed during this period. 

(e) The fuel which would have dispersed from the fuel tank due to shock at 
the time of crash catched fire, and burnt down the wreckage scattered in the 
vicinity of the provisional heliport as well as trees. 

(f) While the rupture of the fuselage reached 8$1480 - 1694, the left wing 
was separated from the fuselage and came to a stop on a slope about 30 meters SI 
of the provisional heliport. 

(g) It is difficult to estimate the strength of the shock caused by the afore ­
mentioned smash of the right wing and the fore fuselage into a spot near the 
provisional heliport, but figures analogized from the referential materials(*) 
are: the strength of shock reaches as much as hundreds of G in the vicinity of the 
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smashed portion. decreasin.g with distance from the portion to tens of G at the· end 
of the aft fuselage. The duration of the shock is considered as 0.05-0.2 second. 

(* 1) CD NASA Tech. Paper 1210. Light Airplane Crash Tests at Three-
Path Angle. 1978 

® AIAA Paper 79-0780. NASA/FAA General Aviation Crash Dynamics 
Program. 1979 

(2) Status of the Aft Fuselage 
The possibility is high that the rupture of the aft fuselage progressed as 

fol lows: 
(a) The aft fuselage aft of BS1480-1693, as stated in para.3.2.4.2(1) (g), 

would have been subjected to· hundreds of G at the forward end and tens of G at the 
end at the time of smash into the crash point. By the shock a total destruction 
would have been caused of structures in the vicinity of the forward end. and at 
the same time rupture would have been caused of the majority of the flooring, 
seating, galley, etc within the fuselage (2). The more severe would have been the 
rupture of the flooring, seating and gallery, the nearer they to the forward end. 
and the damage was comparatively slight at the aft end portion. 

Most of the broken flooring, seating, gallery, etc would have been dispersed 
aft within the fuselage by the shock. 

(*2) The flooring, seating, gallery, etc and their fixture are designed to bear 
an ultimate load of the order of 10 G's. 

(b) The aft fuselage aft of BS1480-1694 did not directly contact with the 
hillside. It dropped on the north slope with the ri&ht hand aft portion of the 
fuselage ahead after the fore fuselage was destroyed by hitting the hillside . and 
collided with the ground and trees and proceeded about 240 meters. separating 
part of structure. flooring, seating, &alley, etc. but keeping itself in a body to 
the last. The left hand aft fuselage aft of the vicinity of BS2000 is considered 
to have come to a stop on the 3rd branch of Sugeno Dale. 

(c) The shock the aft fuselage was subjected to when it fell down on a north 
slope would have been less than JO G's. 

3.2.5 An Analysis on Fail -safe Capability of the Accident Aircraft 
All principal structural components of Boeing 747 aircraft except for the 

nose landing gear are designed on a fail -safe concept. The fail -safe concept was 
based on the provisions for airworthiness of the PAA at the time the aircraft was 
developed . 

In the case of the accident aircraft. during the repairs in 1978 (refer to 
3.2.2 and Attachment l). the repair different from the rework disposition was 
carried out in which a portion of Ll8 splice of the afL pressure bulkhead was 
connected by one- row riveting : A study on the fail-safe capability of the accident 
aircraft under such condition was made as follows. 

3.2.5.l A Study on Fail-safe Capability of the Aft Pressure Bulkhead 
(1) The aft pressure bulkhead is designed on the concept of the so -called one-
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bay fail" -safe. This is a design based ·on the premise that even ·if a crack is 
initiated and propagated, it can be detected and is repaired while its propagation 
reaains within one bay (one area surrounded by stiffeners and tear straps). In the 
concept of one-bay fail-safe. there is no presumption of cases where cracks are 
initiated and propagated simultaneosly in several bays. 

In the design of the bulkhead of the aircraft, the residual strength is 
verified analytically with the condition that the bulkhead with one-bay crack 
shown in Figure-18 can withstand the expected maximum cabin pressure differential 
(the maximum operating pressure of the over pressure relief valve: 9.4 psi) 
considered as the fail-safe load. 

Furthermore, as to detection of crack, the principle is adopted that if the 
crack is propagated to a certain length, it can be detected by a visual inspection, 
or from indication such as leak of pressurized air from the crack and abnormality 
of the web . 

(2) In the case of the accident aircraft, a number of cracks were initiated 
and were propagated mainly on bay 2 and bay 3 of L18 joint connected with one -row 
riveting during operations of the aircraft after the repairs of daaage by the 
accident at Osaka International Airport in 1978. Such situation was not presumed 
in the one -bay fail-safe design concept, as mentioned previously. 

It is conceivable that the premise of the one -bay fail -safe. that is, a crack 
was detected and repaired while it was staying within one bay, collapsed for the 
rea~ons that it was difficult to detect the fatigue cracks of the accident 
aircraft by visual inspection or by •ir leakage because the cracks were small and 
propagated along rivet holes at web overlaps, 
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Figurn-18 F:ti ls;ifc Analysi:; of Ll1<: Art Prcssurn lhllkhc:td 
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3.2 . 5.2 A Study on fail-safe Capability of Structures of the fuselage Tail and 
the Vertical Fin 

( I) In case part of the aft pressure bulkhead i s fractured and the pressurized 
air flows out, the internal pressure of the fore part of t he fusel:urn tail (BS2360 
-265~:) :tnd Lht! V(lrtic:tl fin risns, and these portions may be fr11cturcd. To 
prevent this possibilit». such d(lsign. to ensure fail·safe is adopted that the 
pressure re lief door automatically opens to release the air so th11l the pressure 
<liffercncn 11L these portions does not rise to 111ore than 1.0-1 . 5 psi . 

The area of the relid door's opening (approximatulr 0.~9 s<1uarn 1n<llers) 
s:iLisfies Llw target that tlw cl i f f ercntial pressure does not riso lo more than 1.5 
psi nvnn if one ba1• area of the aft pressure bulkhead (the uxi111u111 arna about 0.1~ 
squ11re mutcHs) should be failed and the pressurized air flows out from the area. 

(2) However. in the case of tlw accidtint aircra ft it rs estim:llod that the :ift 
bulkhead wa.s fr actured as much AS 2-3 SllUllre meters at tho Limn tho 11bnorma l 
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situation occurred in flight, and therefore. it is conceivable'that even if the · 
afore-mentioned relief door might open. the internal pressure of the fore part of 
the fuselage tail and the vertical fin exceeded the pressure presumed in the fail · 
safe design, resulting in the rupture of the APU firewall and the vertical fin. 

3.2.5.3 A Study on Redundancy of Control System 
(1) Such redundancy is incorporated in the design of the control system that 

control surfaces are divided, and 10 hydraulic pumps are provided. and 4 systems 
of piping are laid for the hydraulic system for the control . 

(2) In this accident. functions of all the four hydraulic systems were lost 
and the control systems became all inoperative soon after the abnormal situation 
occurred in flight. 

The reason would be that the piping of all the four hydraulic systems was 
fractured and hydraulic fluid leaked out due to rupture and separation of more 
than half of the vertical fin including rudders. but it is considered that such 
ruptures or separation were situations out of scope of considerations in the fail · 
safe design. 

3.2.5.4 Fail-safe Capability of Boeing 747 aircraft 
As afore-mentioned, the fail · safe design was in accordance with FAR25.571. a 

provision concerning fatigue in FAR 25 on airworthiness of transport aircraft of 
the FAA(*). which was in effect at that time. 

Provisions on airworthiness set forth the m1n11um requirements for capability 
which aircraft should provide, but they would not guarantee the airworthiness 
under conditions possible only in a very rare case. nor caused by inappropriate 
repair work. In order to maintain and improve the fail·safe capability of the 
aircraft structures. it is required to conduct appropriate 1odification. 
inspection and maintenance. incorporating improvement based on service and 
experience. 

In the case of the accident aircraft. several fractures successively occurred, 
reducing the airworthiness seriously. That is. fracture of the aft pressure 
bulkhead. fracture of the aft part of the fuselage tail and the vertical fin, 
fracture of all the four hydraulic lines systems for the control system, and loss 
of all primary control functions occurred successively. 

It is conceivable that the reason ruptures propagated as a chain reaction in 
this accident is that prior concern had not reached as far as to the Prevention of 
such situation from occurring, although the fail·safe design of the aircraft in 
the development stage, and inspection and maintenance methods which incorporated 
service experience were proper to meet the provisions concerned. 

(*1) The provision on the fatigue was revised thereafter in 1978 for 
incorporation of the damage tolerant design technology, but the basis 
of the concept on fail·safe capability as referred to herein remains 
unchanged. 
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3.2.6 Analysis of Flight Capability of the Accident Aircraft after Occurrence of 
the Abnormal Situation 

An analysis was made of the flight capability of the aircraft after the 
occurrence of the abnormal situation. based on the DFDR records, CYR records and 
results of the test and research and analysis described in paras 3. 1.7. 3.1.8. 
3. 2. 3. 

3.2.6.l The Status of the Control System after the Occurrence of the Abnormal 
Situation 

It is estimated that most of control functions were lost. The status of the 
control system of the aircraft was as follow: 

(1) It is estimated that with the rupture of the vertical fin. the rudder was 
separated. and control functions of the rudder were lost immediately after the 
abnormal situation occurred. 

(2) Since the hydraulic fluid was run out of hydraulic pressure lines for the 
control system which was cut off due to rupture of the vertical fin. it is 
estimated that the control function of the rudder was lost immediately after. and 
the control function of the aileron and the spoiler were lost 1.0-1.5 minutes 
after. the occurrence of the abnormal situation. · 

(3) It is estimated that at the same time as above. the operational function 
of the flap and the landing gear. and the trimming function of the horizontal 
stabilizer driven by the hydraulic pressure were Jost. As to the flap, the 
electromotive operation was possible by an alternative system. while as to the 
gear. both gear -up and -down become impossible due to loss of the system hydraulic 
pressure but gear-down only was possible electrically. 

3.2.6.2 Stability and Control of the Accident Aircraft after the Occurrence of 
the Abnormal Sit~ation 

It is esti1ated that the stability and control worsened to an extreme degree 
as fol lows: 

(1) Longitudinal s~ability and control 
It is estimated that ruptures caused to the aircraft did not bring about 

change in the lon&itudinal stability of the aircraft for a reason that the 
horizontal stabilizer had been fixed in a virtually balanced position. llowever. 
because both of the attitude control capability of the elevator and the attitude 
trim capability of the horizontal stabilizer were Jost. the aircraft is estimated 
to have been in such a situation that operations necessary to perform missions 
such as maintenance of attitude. set -up of climb rate/descent rate. and pull-up 
were i1possible by ordinary methods. Due to the inability to control the attitude, 
it 'became difficult to control phugoid motion excited by variation in engine 
thrust and external disturbance of air turbulence. etc. and sometimes the phugoid 
motion· reached as much as about 15° in pitch angle. about 0.3G in vertical 
acceleration. about 100 knots in speed variation. and about 4,000 feet in altitude 
chan&e. 
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(2) Lateral -directional stability and control 
It is estimated that by the ruptures caused to the aircraft, the lateral 

stability of the aircraft slightly increased in the spiral mode, but in the dutch 
roll mode became more unstable. 

Since the direction and attitude control capabilities of the rudder, aileron, 
spoiler were lost, the dutch roll motion became uncontrollable, with result that 
the dutch roll motion was excited during most of the flight except for a descent 
made at about 1845 hours, and the flight continued under the condition of a 
constant vibration of a large amplitude (a limit cycle condition), and the motion 
was some times as severe as about 40° in roll angel and about O.SG in lateral 
acceleration. 

It is considered virtually impossible to make a directional control of the 
aircraft by setting differential thrust between the right and the left engines, 
because it would be accompanied by undesirable trends such as excitement of dutch 
rol I mot ion. 

(3) It is considered that the aircraft was not able to continue a stable 
flight and any flight as intended by the captain was difficult and that a safe 
landing or landing on the water by the captain having no such experience was next 
to impossible, due to the afore-mentioned deterioration in stability and 
controllability both longitudinal and lateral . 

3.2.7 Reaction of the Flight Crew in the Abnormal Situation 
Abou t 12 minutes after takeoff, an abnormal situation occurred to the 

aircraft, being followed by a sequence of abnormal phenomena adverse to the 
operation of the aircraft as stated in para.3.2.6, and such flight conditions 
continued for about 30 minutes thereafter. The following analysis was conducted 
on reactions of the flight crew during this period, based on DFDR record. CVR 
record and results of the relevant tests and research as mentioned in para.3.1. 

3.2. 7.1 Recognition of Status of Damage to Structures of the Aircraft 
It is estiaated that the flight crew becoae cognizant of the occurrence of 

the abnormal situation without delay, judging from the fact that following the 
voice of the captain that something exploded, a voice of squawk 77 indicative of 
occurrence of an emergency as well as utterances relating to their search for its 
cause were recorded in CVR . 

It is, however. estimated that they were not able to know at this time where 
and ho• the abnormality occurred. 

Judging from the fact that on CVR was recorded at about 1831 hours 
conversation between the flight engineer and a cabin attendant concerning an 
irregular status of structures in the vicinity of the cargo roo1 in the aft 
passenger cabin, lt is estimated that the flight crew become cognizant at this 
ti~e of the damage to part of structures of the aft cabin. but was and continued 
to be ignorant of the occurrence of critical defects such as separation of part 
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of the vertical fin as well as the fudder. 

3.2.7.2 Reaction to Depressurizaton and Emergency Descent 
(1) The flight crew would have become cognizant of the depFessurization in the 

aircraft soon after the occurrence of the abnormal situation by the cabin altitude 
alert and the indication of the cabin altimeter. However. since no call-out for an 
emergency of depressurization was recorded in CVR immediately after the occurrence 
of the abnormal situation. it is conceivable that none of measures to be taken in 
case of depressurization was performed. 

(2) As to the emergency descent of the aircraft, according to CVR record. the 
aircraft requested at 1825:21 a descent to 22,000 feet to Tokyo Control and after 
1826:36 were repeatedly recorded utterances indicative of the intention to make an 
emergency descent and transmissions that the aircraft was in an emergency descent. 
However. according to DFDR record, it was after 1840 that the aircraft actually 
started descent. 

The flight crew continued flight for about 18 minutes without pressurization 
at an altitude over 20,000 feet, not making an emergency descent to the safety 
altitude 13.000 feet and only requesting the descent to 22,000 feet, although 
they were aware of the depressurized condition within the aircraft. In this regard, 
it was unable to clarify the reason therefor. · 

It is, however. conceivable that the emergency descent action was not taken 
because the flight crew devoted them~elves to the quest of causes of the 
occurrence of the abnormal situation in an early stage after it occurred, and 
afterwards to the control of the aircraft to stabilize the flight attitude . 

(3) As to wear by the flight crew of the oxygen mask. talks between them were 
recorded several times in CVR after 1826:30. It is estimated that none of these 3 
crewmembers wore the oxygen mask during this period, because their voices which 
should not have been recorded if they had worn the mask were recorded on the area 
mike chan.nel . 

It was impossible to determine the reason the flight crew who had had 
education and training on the wear of the mask did not wear it. being confronted 
with such depressurization. 

However. it is conceivable that the flight crew gave priority to the control 
operation for continuation of flight although minding the need to wear the mask, 
because a depressurization to such an extent as might have been in the aircraft 
would not have caused instantly aversion nor pains to man. although there arc 
individual variations as can be seen from the test results in para.3.1.11. 

It is conceivable also that the judgement and ope1ation abi·IitY of the {light 
crew deteriorated to some extent by hypoxic hypoxia as mentioned in paras.3. 1. 9(2) 
and 3.1.11. because they neither made an emergency descent nor did wear the oxygen 
mask. 
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(4) It is estimated from CVR record and witness of survivors that the actions 
to be taken by cabin attendants under the depressuri~ed condition for wear by 
passengers of the oxygen mask were initiated without delay after the occurrence of 
abnormal situation. 

Jith regard to the use of the portable oxygen bottle (hereinafter referred 
to as P02 bottle) in the vicinity of R-5 (*l) where there was a trouble in 
supply of oxygen. the P02 used at that time might have been a bottle distributed 
to the vicinity of R-5 temporarily in accordance of the instruction of the flight 
engineer to a cabin attendant at 1830:38 hours. judging from the statement of a 
survivor that the cabin attendant at that time were making confirmation of 
passengers' s wearing of the oxygen mask. taking oxygen from the oxygen mask of 
an empty seat. not using the P02 bottle on whose usage they should have been 
educated and trained . 

It is conceivable that the trouble of oxygen supply regarded as having 
occurred in the vicinity of R-5 was caused by damage to part of equipment of the 
system located in the ceiling due to shock at the time of occurrence of the 
abnormal situation. but it was impossible to clarify the cause. 

(* 'l) The aircraft is equipped with 24 P02 bottles for cabin attendants or for 
f irst ·aid purpose in an emergency, being installed in the vicinity of 
each cabin attendant seat . 

3.2. 7.3 Stress to Flight Crew in the Cockpit 
The stress to the flight crew after the occurrence of the abnormal situation 

was considerably high in grades of stress as was mentioned in para .3. 1. 9(l)(a) . 
It increased gradual ly , repeating some variaton. and showed the highest figure 
immediatel y before the crash. This is considered natural in the light of the fact 
that the aircraft ran into. so to speak, the most unfavorable emergency cond ition. 

Meanwh ile. in conversations between a cabin attendant and the flight crew 
starting 1824:12 which was ·before the occurrence of the abnormal situation, whose 
contents were not clear. the utterance ·be careful· was repeatedly used by the 
flight engineer and the copilot. and from these voices high stress figures 
considered rather irregular as those in a normal takeoff and climb were measured 
as mentioned in para .3. 1.9(1). 

From the above. it is conceivable that the flight crew might have not iced 
some abnormalit y at this time, and that the cause for the high stress of the 
flight crew mi&ht have been only wilhin the knowledge of the crew in the cockpit. 
from the fact that the voice of the cabin attendant on the other hand remained in 
a normal strength of ~tress. 

However. it was impossible to clarify the cause for the high stress of the 
flight crew prior to the occurrence of the abnormal situation. because no records 
relevant to the high stress to the flight crew were found in OFOR record , and 
portions prior to the said conversations did not remain on CVR. 

3.2.7.4 Reactions to Abnormality in the Control System 
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(1) Judging from the fact that an instruction of the captain to correct for an 
excessive bank angle was recorded in CVR at 1825:53. it is estimated taht the 
flight crew had no cognizance at all at this time of the abnormality in the 
control system due to drop in hydraulic pressure. 

(2) Judging from the fact that utterances on the drop of hydraulic pressure 
were repeatedly recorded in CVR from about 1826 which was about one and one half 
minutes after the occurrence of the abnormal situation, it is estimated that the 
flight crew was cognizant of the abnorlllality in the c_ontrol system due to drop in 
hydraulic pressure, and thereafter at 1828:~5 the captain reported for the first 
time to Tokyo Control that the aircraft was uncontrollable . 

(3) In CVR were recorded conversations on &ear-down operation after 1838. and 
subsequently conversations on flap-up operation were also recorded in the DFDR. It 
is estimated that these operations were made electromotively, the alternate means 
in case the hydraulic system becomes inoperative. 

(4) Although the hydraulic pressure dropped to zero and the rudder. the aileron. 
spoiler, and elevator became inoperative, the crew continued control operation as 
evidenced by CVR and DFDR records. It is estimated that the steering conducted 
corresponding to attitude variation without giving up control even under the 
condition the control system was inoperative was for the purpose of restraining 
the dutch roll and phugoid movements. 

(5) From 1842:53 to 1844:43 the voice of the flight crew *heavy· was recorded 
four times in CVR. At that time the movement of the control cable would have been 
in restraint due to destruction of the bulkhead . etc . The utterance would be 
related to the considerable steering force which would have been required because 
of the restra i"nt. but it was impossible to clarify the reason. 

3.2.7.5 Other actions 
(1) The flight crew selected Tokyo International Airport as return airport 

after the occurrence of the abnormal situation. as recorded in CVR. but not Osaka 
International Airport which was the destination airport nor Nagoya Airport which 
was comparatively near the flight course. The selection is considered to have been 
proper in the light -0f the scale. runway length. other facilities and environment 
of the airport. 

(2) Judging from the voice of the captain recorded in CVR that *You' 11 have to 
control pitch with power.·. it is e'stimated that the flight crew attempted 
pitch control by control of engine thrusts after the occurrence of the abnormal 
situation. However, it is estimated that the aircraft was not brought into a 
stable condition by this operation. for the reason that by this operation phugoid 
motion would have been controlled, but the operation should have also excited the 
dutc~ roll arising from differentiaJ thrust between the rf&ht and the left engines. 

Furthermore. it is possible to change the bearing by setting a thrust 
difference between the ri&ht and the left engines. but no evidence was found that 
such was attempted. 

- 117-



· ... · 

\ . 

(3) The copil~t · w,s performing the captain's duties seated in the left-hand 
seat. while the captain performing the copilot duties seated in the right-hand 
seat. After the occurrence of the abnormal situation, as seen from CVR record, 
it is acknowledged that the coordinated operation was made of the copilot and the 
flight engineer by the instruction of the captain; the captain issued all 
instructions concerning the operation and was engaged in communications in the 
early stage; and the copilot was concentrated mainly on the control operation. 
It is also acknowledged that the flight engineer took charge of communications on 
behalf of the captain. and cooperated in gear-down and flap operations by the 
alternate system. and power control. 

(4) It is estimated that severe dutch roll motion and phugoid motion. which are 
impossible to aircraft in normal conditions. occurred and deteriorated the 
judgement. together with the depressurization, and control ability of the flight 
crew. 

(5) Flight crews have been educated and trained so that in case of an emergency 
reactions to the emergency to be taken after the stability of flight attitude has 
been secured by the control operation. 

However, such a situation where part of the vertical fin is separated and the 
hydraulic pressure of all four systems decrease to zero and most of control 
functions are lost would be out of the scope of the education and training or 
knowledge the crew have received or acquired as to reactions to emergency or 
abnorulitY. For this reason. it is conceivable that the crew was not able to 
control the aircraft . 

(6) After the occurrence of the abnormal situation, the flight crew not only 
fell into an abnormal situat ion which was out of the scope of the education and 
training they received or the knowledge and experience they had. but also was 
unable to comprehend fully . the substance of the abnormal situation.and furthermore 
they were brought into a severe environment of being subjected to severe motion 
and depressurization of the aircraft. For these reasons. it is conceivable that 
they were concentrated on the operation to stabilize the flight while not able to 
make a pertinent judgement on how to cope with the situation. 

3.2.8 Analysis of Support from Ground to the Flight of the Accident Aircraft 
The accident aircraft. after the occurrence of the abnor~al situation. 

continued flight receiving support 'by communication from the ground. An analysis 
was made of the support including the related matters (refer to Attachment 3,4 and 
6) 

3.2.8.l Support by ATC/ Communications Services 
(1) The aircraft. some time after 1817 hours while climbing after take-off, 

established communication with Tokyo Control. Communication with Tokyo Control was 
made by the captain seated at the copilot seat. Radio frequencies selected by the 

- 118 -



....... 

( . 
\ 

. · 

.. 

flight crew in flight were 123.7 MHz (Tokyo Control). 121.5 MHz (emergency 
frequency), and 131.9· Miiz (company frequency, Flight Operation Oep . . JAL Tokyo 
Branch Office) 

(2) In response to the report from the captain on the occurrence of the 
abnormal situation and the request to return to ·Haneda, Tokyo Control immediate ly 
acknowledged them and instructed the aircraft to make a right turn pursuant to the 
intention of the captain, and initiated radar vectoring. Then. immediately after 
the emergency was confirmed, Tokyo Control infor1ed the Rescue Coordination Center 
of occurrence of the emergency, and at the time bagan to provide radar vectoring 
to other aircraft approaching the aircraft for the collision avoidance purpose. 

(3) At 1831. in response to the inquiry of Tokyo Control whether the aircraft 
could land at Nagoya, the accident aircraft replied that they request to return to 
Tokyo. Then Tokyo Control approved the aircraft to use Japanese in communication 
and the aircraft acknowledged it. 

(4) At 1840, in response to the inquiry of Tokyo Control whether the frequency 
could be changed to 134.0 MHz. there was no reply from the aircraft. Therefore, 
Tokyo Control requested other traffic to change their ATC communication frequency 
to 134.0 MHz. and not to transmit unit! further noticed. However, some of the 
traffic still remained in 123.7 MHz for communication. 

(5) Yokota Approach requested the aircraft to contact the Approach several 
times after 1845 using the emergency frequency (121.5 MHz). but there was no reply 
from the aircraft . 

(6) At 1853, in response to the request of Tokyo Control to change the 
freqµency to 119.7 MHz (for exclusive use of Tokyo Approach), there was a reply 
from the aircraft that they had completed selection of the station. after which 
there was acknowledgement of the aircraft for each transmission from Tokyo 
Approach of position information and others. 

(7) After 1855, there were no responses from the aircraft to transmissions from 
Tokyo Control and Tokyo Approach . 

3.2.8.2 Other Supports 
( I) The accident aircraft established communication at 1820 during climb after 

take -off with JAL on the company frequency (131 . 9 MHz) . 

(2) In response to repeated calls from JAL after 1833, a reply was made by the 
aircraft that R-5 door was broken, together with the request to inonitor all 
subsequent trasnmisslons, which was acknowledged by JAL. 

(.3) Against cal ls from JAL thereafter. there were made· no responses. 

3.2.8.3 Study on the Status of Supports 
(1) The action taken by Tokyo Control immediately after the occurrence of the 

abnormal situation to vector the accident aircraft proved fruitless. because the 
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aircraft was brought into an uncontrollable condition. The instruction which was 
given to other essential traffic to evade the aircraft is regarded as pertinent. 

(2) It would have been from a consideration to help reduce the burden of the 
f 1 ight. crew that Tokyo Control kept use of the frequency 123. 7 Miiz for 
communication with the accident aircraft. Meanwhile, since other aircraft were 
also using 123.7 Miiz . there were cases where the aircraft received transmissions 
of other aircraft. However, it would not have caused such situation as to obstruct 
communication between Tokyo Control and the aircraft. 

(3) To avoid jamming, it is desirable to have the frequency between Tokyo 
Control and the aircraft separated from the frequency of other aircraft well in 
advance. The act ion for frequency separation was taken at 1840. 

The aircraft , other than the accident aircraft. which were requested to 
change the frequency from 123 .7 Miiz to 134.0 MHz should have co1plied with the 
instruction without delay. 

(4) The reason the support to the aircraft remained within the scope as 
referred to in para.3.2.8.l and 3.2.8.2 would be that the situation of the 
aircraft was unknown except that the aircraft was uncontrol lable. and that no 
request of support except for ATC was made by the flight crew. 

(5) Supports to the accident aircraft. beside the above, such as provision of 
advice from personnel in charge of operation. engineering .or maintenance, and 
assistance by dispatch of a follower aircraft are conceivable. but even if such 
support had been provided, no effects would have been expectable. 

· 3. 2. 9 Analysis of Search and Rescue Activities for the Accident Aircraft 
3.2.9.1 Collection of Flight Information of the Accident Aircraft 

Rescu~ Coordination Center. upon receipt of the notification that the abnormal 
situation occurred to the aircraft . began to collect information immediately. It 
is regarded as actions pertinent to the state of affairs that the information 
collection was made in close coordination with Tokyo Control and JAL, in the light 
of the fact that the flight infonation of the aircraft was made known by ATC 
radar anq communications. 

The center was not able to grasp the substance of the abnormal situation 
caused to the aircraft, but it would be considered natural, as would be seen from 
contents of co111municat ions recqrded' in CVR. 

3.2.9.2 Actions taken after the Target on Radar ~cope disappeared 
The actions which were taken by Tokyo Control and Rescue Coord-ination Center 

after the target on the radar scope disappeared as well as the actions taken by 
Police Agency, Defence Agency, etc upon receipt of this notification are 
considered as virtually pertinent. 

3.2.9.3 Confirmation of the Crash Site and the Aircraft 
Upon confirmation by a Defence Agency aircraft at 1921 of flames at a place 
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supposed to be the crash site, the search was initiated to confirm the crash site 
and the ai rcraft. Early morning of August 13, the crash point and the aircraft 
were confirmed by aircraft of Defence Agency and Nagano Prefectural Police. 

Considerable time was necessary for confirmation of the point. but it could 
not be helped in the light of the fact that the crash point was located in a 
mountainous area thickly covered with trees and furthermore that the search was 
conducted in the· night time. 

3.2.9 . 4 Rescue Activities 
The crash point is located about 12 kilometers SI of the hall of Ueno Village, 

where the Countermeasure Headquarters of the Accident was set up, and was 
accessible via Hontani Woodland Path along Kanna River upstream to the end of the 
road, and from there by climbing about 4 km, an elevation difference of about 600 
1eters. Since there was no climbing Path in the vicinity of the crash site, and 
the ~ount~naous area searched was dangerous because of the risk of falling rocks, 
the rescue activities were an extreme difficulty. It is acknowledged that efforts 
to the maximum extent were made by every organization who participated in the 
activities. 

3. 2. I 0 Analysis of Injuries to Passengers and Crew 
A study was made on the status of injuries to passengers and crew caused by 

shock at the time of crash of the accident aircraft as well as by shock due to 
breakage of the airfra~e. 

3.2 . 10. l Injuries to Passengers and Crew in the fore Fuselage 
It is estimated that the passengers and crew in the fore fuselage fore of the 

vicinity of 8$1480-1694 were instantly killed by a strong shock as much as 
hundreds of G at the time of collision against the crash point as well as total 
destruction of the fore fuselage structures at that ti11e (*l) . 

( * 1) Man's anti -G capability depends on direct ion of G (shock acceleration). 
method of supporting him such as by a band, and duration of G load. 
Man' s anti-G capability (the limit of G within which no fatal injuries 
are caused) studied by NTSB in reference to aircraft accidents is shown, 
as an exuple, as fol lows: 

Source material: NTSB-AAS- 81-2 ,' Cabin Safety in Large Transport Aircraft. 1981 
Duration of G 0.1 - 0. 2 second 
Rate of G 50 G/second 
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(with belt) 
Direction of G 

Forward 
. Downward 
Sideways 
Upwud 

Strength of G 
20 25 
15 20 
10 15 
20 

3.2.10.2 Passengers and Crew in the Aft Fuselage 
Out of passengers and cabin attendants who were in the aft fuselage aft of 

the vicinity of BS1480-1694, those seated on forward seating are estimated to 
have been killed almost instantly due to a possible strong shock in excess of 100 
G's at the time of collision. against the crash point. The shock persons seated on 
aft seating were subjected to was also of the order of tens of G, and by this 
shock most of them are estimated to have undergone fatal injuries. Moreover, as 
stated in para. 3.2.4.2(2)(a) a considerable portion of flooring, seating, galley, 
etc in the aft fuselage were dispersed up to the aft end of the fuselage together 
with passengers and cabin attendants. Therefore. the possibility is conceivable 
that the injuries were deepened by .. the secondary disaster of coll is ion with these 
substances in which severe bruises and oppressions were caused . Furthermore, it is 
conceivable that the degree of injuries was enlarged by the shock during drop 
along the slope on the side of the third branch of Sugeno Dale. 

3.2.10.3 Four persons survived this accident, but they were all seriously 
injured. All of them were seated at the aft portion of the aft fuselage and are 
estimated to have subjected to tens of G. but they were able to escape death 
miraculously. The conceivable reason would be that their seating attitude. status 
of belting, status of damage to the seat. sorroundings of the body, and others at 
the time of collision chanced to help soften the impact and that they were less 
subjected to collision with dispersed internal substances of the fuselage such as 
flooring, seating and galleies. 

3.2.10.4 The status of injuries to the bodies and recovered places of the bodies 
were such as to back up virtually the estimations in paras.3.2.10.1 and 3.2.10 . 2 
above. 
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4. CONCLUSION 
4 . 1 Summary of Analysis 
4.1.1 General Matters 
4. 1.1.l The flight crew were properly qualified and had passed the established 
medical examination. 

4.1.1.2 It is acknowledged that the then existent meteorological conditions were 
not directly relevant to the occurrence of the abnoraml situation. 

4.1.1.3 Functions and operational conditions of aids to navigation and ATC unit 
are acknowledged to have been normal . 

4.1.1.4 The aircraft was certificated and maintained according to approved 
procedures. 

4.1.2 Flight of the Accident Aircraft up to the Occurrence of the Abnormal 
Situation 

4. 1.2.1 On August 12, 1985, the accident aircraft took off Tokyo International 
Airport 1812 hours as Flight 123, subsequent to preceding four scheduled flights 
on the day . There were neither reports of abnormality nor flight discrepancies 
regarded as relevant to this accident in the preceding four flights as'well as in 
the inspection and maintenance conducted between them (including the pre· flight 
check as flight 123). 

4.1.2 .2 At 1824:35 hours. about 12 minutes after take-off, an abnormal situation 
occurred so as to exert serious influence on continuation of the flight. up to 
which time the flight is considered to have been normal. 

4. 1.3 Repairs for Damage caused by the Accident at Osaka International Airport 

4.1 . 3.l It is acknowledged to have been proper that the repair work related to 
structures of the aircraft was accomplished by the Boeing Company for JAL by the 
contract. because the aircraft was manufactured by the company, etc. 

4.1.3 . 2 The repair plan of the aircraft agreed on between JAL and the Boeing 
Company is considered to have been proper in general . 

4. 1.3.3 lhen the lower half of the aft pressure bulkhead deformed by the accident 
was removed and was being replaced·by the new one in accordance with the repair 
plan. it was found that there were locations where the edge margin around the 
rivet hol(s at tbe splice (Ll8 splice) of the upper and the lower webs of the aft 
pressure bulkhead was less than drawing requirements. This is considered to have 
been caused by somewhat insufficient concern against deformation of the aft 
fuselage in the repair work of the aft pressure bulkhead. 

4.1.3.4 For the above. the corrective measure to make a splice joint by inserting 
a splice plate between webs of the upper half and the lower half of the aft 
pressure bulkhead. which is considered as proper. was planned . But. during the 
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repair. improper work was conducted in which different from the intended 
corrective measure, one splice plate narrower than drawing requirements, and one 
filler were applied instead of one splice plate. 

4.1.3.5 In inspections during and after the repair work, the afore-mentioned 
improper part of the work could not be found. 

4.1.3.6 It is considered that the method of management for the work including 
the inspection of working process was in part insufficien~ in pertinency. 

4.1.3.7 It is estimated that during this rework, part of Ll8 splice which should 
have been spliced by two -row rivets became spliced by one -row rivets, with the 
result that the strength of this part decreased to about 70% of the strength to 
be obtained by the original splice method . From this, it is estimated that these 
portions was brought under a condition susceptible of occurrence of fatigue cracks. 

Prom the above, it is conceivable that the aft pressure bulkhead of the 
accident aircraft was lacking at this time in fail-safe capability. 

4.1.4 Fail-safe Capability of Boeing 747 Aircraft 
The fail -safe design of Boeing 747 is in accordance with standards on 

airworthiness of transport aircraft of the PAA, which was in effect at 'that time. 

Provisions on airworthiness set forth minimum requirements for capability 
which aircraft should provide, .hut they would not guarantee the airworthiness 
under conditions caused in a very rare case, nor caused by improper repair 
work. 

It is conceivable that the reason why ruptures propagated as a chain reaction 
in this accident is that prior concern had not reached as far as to the prevention 
of such situation from occurring, although the fail-safe design of the aircraft in 
the development stage, and ·inspection and maintenance ~ethods which incorporated 
service experience were proper to meet the provisions concerned. 

4.1.5 Operation and Maintenance of the Accident Aircraft after the Osaka Accident 

4. 1.5.1 The flight hours and the number of flights (number of landings) of the 
aircraft after the repairs for the accident at Osaka International Airport in June, 
1978 up to this accident were 16,196 hours and 12,319, respectively, 

4.1 .5.2 During this period, in L18 splice of the aft pressure bulkhead, a number 
of fatigue cracks were caused and propagating mainly at one-row rivet connection 
portions. 

4. 1.5 . 3 It is .considered that there were neither abnormalities nor flight 
discrepancies deemed to be related to this accident in flights during this period. 

4.1.5.4 During this period C maintenance (a maintenance every 3,000 hours) was 
conducted 6 times, at which time visual inspection was made, but fatigue cracks 
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which had been existent at the rivet connected portions of L18.splice w~re not 
found. 

The inspection method of the aft pressure bulkhead in the time of C 
maintenance might have been a proper method. because it was unconceivable at the 
time Lhe said C maintenance was conducted that a number of fatigue cracks came 
into existence in this portion, provided the bulkhead was manufactured normally 
and repair work was done properly. 

It' is considered that the inspect ion method was not proper in part. in view 
of the fact that such fatigue cracks as to cause the aft pressure bulkhead to 
rupture were not found. although they resulted from the improper repair work . 

4.1.6 Outlines of the Abnormal Situation 
The conditions of the abnormal situation in which the accident aircraft was 

brought are considered as follows: 

4.1.6.l At about 1824:35, when the aircraft climbed to an altitude of about 
24.000 feet. the pressure differential between the pressurized passenger cabin and 
outside atmosphere became about 8.66 psi, it is estimated that bay 2 whose residue 
strength had reduced remarkably by propagating fatigue cracks was fractured. being 
unable to bear the pressure differential. and taking this opportunity, ·L18 splice 
went into a total fracture at a stroke. 

ft is considered that the fracture propagated thereafter upward in the cental 
portion of the bulkhead along the collector ring, and furthermore progressed 
upward along R6 and L2 stiffeners. and meanwhile in the outer edge portion of the 
bulkhead, the fracture propagated upward along Y chord. 

4. 1. 6. 2 As a result of such progress of the fracture. part of the web of the 
upper half of the aft pressure bulkhead was blown up aft by the air pressure of 
the passenger cabin to make an openning. The area of the openning is estimated 
as of an order of 2- 3 square meters. 

4.1.6.3 It is estimated that the inner pressure of the empennage increased by 
the pressurized air of the cabin flowed in through the openning of the aft 
pressure bulkhead, thereby the APU firewall was broken. and part of the empennage 
structure including the APU proper located aft of the wall was destroyed and 
separated. 

4.1.6.4 It is estimated that part of the pressurized air of the passenger cabin 
which flowed into the e~)ennage rushed into the vertical fin through the openning 
in the lower portion of the aft torque box of the vertical fin. thereby increasing 
the inner pressure of the vertical fin, and the fixture between the stringer and 
the rib chord in the upper half of the aft torque box was destroyed at first . It 
is estimated that thereafter destruction of the internal structures of the aft 
torque box and peel -off of the skin were caused, followed by separation of the 
upper half of the forward torque box. most of the aft torque box. the wing tip 
cover. etc . 
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4.L6.5 It is 'estimated that the damage to the aft torque box"of the vertical fin 
caused separation of the rudder, and four syste1s of hydraulic pressure line for 
the rudder control system were all fractured. 

4.1.6.6 It is estimated that such destruction of the aircraft progressed within a 
period as short as a few seconds. 

4.1.6.7 It is estimated that the pressure in the cabin including the cockpit 
reduced to the atomospheric pressure within a few seconds due to the openning 
of the aft pressure bulkhead. 

4.1.6.8 It is estimated that by the afore-mentioned destruction of the airframe, 
control functions of the rudder and elevator and the trim function of the 
horizontal stabilizer were Jost immediately after the abnormal situation occurred. 
It is also estimated that control functions of the aileron and the spoiler. and 
operational functions of the flaps and the gear by hydraulic pressure were lost 
within 1.0-1.5 minutes after the abnormal situation occurred. 

4.1.6.9 It is estimated that due to loss of most of control functions and extre11e 
deterioration of the lateral and directional stability, the maintenance of 
attitude and heading, and control of climb. descent. turn. and so forth became 
extre1ly difficult . 

4. 1. 6. 10 It is estimated that severe phugoid motion and dutch roll motion. of 
which control were difficult. were caused to the aircraft. 

4.1.6.11 It is considered that the aircraft was not able to continue a stable 
flight and any flight as intended by the captain was difficult. and that a safe 
landing or landing on the water was next to impossible. 

4. 1. 7 Flight of the Accident Aircraft after the Occurrence of the Abnormal 
Situation and Responsive Actions Taken by the Flight Crew 

4.1.7.l It is estimated taht the flight crew immediately became aware of 
occurrence of some kind of abnor111alitY. but they remained ever since unaware of 
details of the damage such as rupture of the vertical fin and separation of the 
rudder . 

4.1. 7.2 It is estimated that soon after the occurrence of the abnormal situation. 
the flight crew became cognizant or depressurization of the airframe. and 
nonetheless the flight crew did not put the oxygen mask up to the last. The reason. 
however, could not be clarified. 

4.1.7.3 After the occurrence of the abnormal situation. the aircraft. without 
making an emgergeny descent. co'ntinued flight for about 18 minutes at ·an altitude 
of more than 20.000 feet. 111aking phugoid motion and dutch roll motion. It is 
conceivable that the reason the emgergency descent was not made during this period 
regardless of the intention expressed by the flight crew to make an emgergency 
descent was that they were devoted to the control action to stabilize the flight 
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attitude. However. the definite reason could not be determined: 

It is conceivabie also that the flight crew suffered from hypoxic hypoxia 
during this period, whereby their capability of dealing with intelligent work as 
well as their behavior were deteriorated to some extent. 

4.1.7.4 Thereafter. a gear-down operaton was conducted, the aircraft entered into 
a descent and the phugoid motion subsided. When ttie aircraft descended to an 
altitude of about 7,000 feet, the flight crew noticed the aircraft was approaching 
mountains. As soon as they raised engine power immediately, the aircraft would 
have been brought into an unstable flight condition again. being accompanied by 
phugoid motion and dutch roll motion. 

4.1 . 7.5 After the occurrence of the abnormal situation. the flight crew not only 
fell into an abnormal situation which was out of the scope of the education and 
training they received or the knowledge and experience they had, but also was 
unable to comprehend fully the substance of the abnormal situation, and 
furthermore they were brought into a severe environment of being subjected to 
severe motion and depressurization of the aircraft. For these reasons, it is 
conceivable that they were concentrated on the operation to stabilize the flight 
while not able to make a pertinent judgement on how to cope with the situation. 

4.1.8 Crash of the Accident Aircraft 
4.1.8.1 lt is esti1ated that the aircraft which was in the unstable flight 
condition hit "the single larch tree" and "the U·shaped ditch" both short of the 
crash point. with the result that the remaining portion of the vertical fin and 
the horizontal fin as well as the engines. etc .. were separated from the airframe 
at this time. 

4.1.8.2 It is estimated that thereafter the aircraft collided against the crash 
point with an attitude of the nose and the right wing both down. The time of crash 
is estimated as approxi•ately 1856:30 hours based on records of the DFDR and 
seis1ometer. etc. 

4. 1.8.3 By the severe shock at the time of crash the fore fuselage and the right 
wing were broken into small fragments and dispersed. The aft fuselage is estimated 
to have been separated by the shock at the time of crash. and fallen into the 3rd 
branch of Sugeno Dale passing over the ridge line. The other parts were dispersed 
in a wide area involving the crash point. 

4.1.8.4 Fuel supposed to have been dispersed from the fuel tank flamed up, and · 
the wreckage.di spersed in the vicinity of the heliport which had been constructed 
after the accident for rescue purpose was burnt down. 

4.1 . 9 Injuries to Passengers and Crew 
4.1 .9.1 It is considered that passengers and crewmembers in the fore and mid 
fuselage were all instantaneously killed by the shock estiaated as much as 
hundreds of G as well as the total destruction of structures of the fore and mid 

· fuselage at the time of crash. 
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4.1.9.2 Out of passengers and cabin attendants who were in the aft fuselage, 
those seated on forward seating are considered to have been kil led almost 
instantaneously due to a possible strong shock in excess of 100 G's at the time of 
crash. 

The shock persons on the aft seating were subjected to was also of an order 
of tens of G. and by this shock most of thea are considered to have undergone 
fatal injuries. Moreover. the possibility would be considered high that since the 
flooring, seating, galley, etc were all destroyed and dispersed by the shock at 
the time of .crash, they were killed enlarging the extent of injuries by bruise and 
oppression resulting from collision with such broken pieces. 

4.1.9.3 Four persons survived this accident. but they were all seriously 
injured. All of them were seated at the aft portion of the aft fuselage a~d are 
considered to have been subjected to tens of G, but they were able to escape death 

• miraculously. The conceivable reason would be that their seating attitude. way to 
\. 

fasten the belt. status of damage to the seat. status of substances sorrounding 
their body , etc . . at the time of collision chanced to help buffer the impact. and 
that they were less subjected to collision with dispersed internal substances of 
the fuselage. 

4.1.10 Support to Flight of the Accident Aircraft from the Ground 
It is considered . that provision of information to the accident aircraft 

and actions respondent to requesjs of the aircraft by ATC/ Coamunications were 
conducted adequately on the whole. 

4. 1.11 Search and Rescue Activities 
4. 1.11.1 Since the crash point was located in a remote area among a rolled 
mountainous district and the search was conducted in the night . considerable 
time was required to discover the aircraft and to confirm the crash point. which 
could. however, be justifiable under such conditions. 

4.1.11.2 It is acknowledged that rescue activities were carried out to the best 
with close coordination of organizations concerned which participated in the 
activities, although they were confronted wjth extreme difficulties . 

- 128-

..• \. .. . . . 



'· 

( 
' 

! 
\ 

4 . 2 Cause 
It is estiaated that this accident was caused by deterioration of flying 

quality and loss of primary flight control functions due to rupture of the aft 
pressure bulkhead of the aircraft. and the subsequent ruptures of a part of the 
fuselage tail, vertical fin and hydraulical flight control systems. 

The reason why the aft pressure bulkhead was ruptured in flight is estimated 
to be that the strength of the said bulkhead was reduced due to fatigue cracks 
propagating at the spliced portion of the bulkhead's webs to the extent that it 
became unable to endure the cabin pressure in flight at that time. 

The initiation and propagation of the fatigue cracks are attributable to the 
improper repairs of the said bulkhead conducted in 1978. and it is estimated that 
the fatigue cracks having not be found in the later maintenance inspection is 
contributive to their propagation leading to the rupture of the said bulkhead. 
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5 . Referential Matters 

5. ·Actions and counter-measures taken up to May 31. 1987 by governmental 
organizations. aircraft manufacturers. and aircraft operators concerned. 
in reference to this accident are as follows: 

5.1 .l The NTSB made the following safety recommendations to the FAA: 
a) Design change on the e11pennagc (Safety Recommendation A-85-133. Dcc.5.1985) 

Measures should be taken so that the empennage section of Boeing 747 and 767 
will be protected against catastrophic failure in the event that a significant 
pressure buildup occurs in the normally unpressurized empennage. 

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

Design mofification should be made so that the integrity of all four 
hydraulic systems will not be impaired in the event that a significant pressure 
buildup occurs in the normally unpressurized empennage. 

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

Reevaluation should be made of the design of the aft pressure bulkhead of 
Boeing 747 and 767, and test be made to confirm their fail -safe validity. 

d) Evaluation of procedu.res to repair the aft pressure bulkhead (Safety 
Recommendation A-85-136, Dec.5, 1985) 

The current repair procedures of Boeing 747 and 767 aft pressure bulkheads 
should be evaluated to ensure that the repairs do not affect the fail-safe concept. 

e) Revision of the inspection program for the aft pressure bulkhead 
(Safety Recommendation A-85-137. Dec.5, 1985) 

In reference to the aft pressure bulkhead. an inspection program beyond the 
·usual visual inspection should be established to detect the extent of possible 
multiple site fatigue cracking. 

f) Evaluation of the fail-safe criteria of the domed aft pressure bulkhead 
(Safety Recommendation A-85-138, Dec . 13. 1985) 

Confirmation should be made on whether the fail-safe criteria have been 
satisfactorily evaluated for all doaed aft pressure bulkheads of transport 
category airplanes. 

g) Evaluation of repair procedures of the domed aft pressure bulkhead 
(Safety Recommendation A-85-139, Dec.13. 1985) 
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Procedures to repair the domed aft pressure bulkhead of all airplanes which 
incorporate the domed aft pressure bulkhead should be eval~ate~ to assure that the 
affected repairs do not derogate the fail -safe concept of the bulkhead . 

h) Issuance of a maintenance alert bulletin to persons responsible for the 
engineering approval of repairs (Safety Recommendation A-85-140. Dec . 13, 
1985) 

A maintenance alert bulletin should be issued to persons responsible for the 
engineering approval of repairs to emphasize that the approval adequately consider 
the possibility of influence on ultimate failure modes or other fail-safe design 
criteria. 

5.1.2 The FAA direc~ed US operators of the Boeing 747 and the Boeing Company to 
make the following modifications. inspections. etc.: 

a) Vertical fin access cover installation (Airworthiness Directive AD86-08-02. 
April 4. 1986) 

To install. within 6 months. a structural cover for the opening within the 
emPennage which provides access to the vertical fin, to prevent destruction of the 
empennage structure due to a significant pressure buildup in the empennage . 
(A - 85-133 related) 

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

To request the Boeing Company to conduct a reevaluation of the design and 
tests concerning the fail-safe validity of the aft pressure bulkheads of Boeing 
747 and 767. (A-85-135 related) 

c) Evaluation of the repair procedures for the domed aft pressure bulkhead 
(Airworthiness Direcfive AD-85-22-12. Oct.25, 1985) 

To request the operators to check on whether repairs of the aft pressure 
bulkhead of Boeing 747 have been carried out and to report the results to the 
Boeing Company. 

No problems were found from the FAA' s review on the results of reevaluation 
of the repair manuals of the aft pressure bulkhead of Boeing 707. 737, 747 and 7£7 
issued by the Boeing Companr.(A-85-136 related) 

d) Review of the f~il-safe criteria of the domed aft pressure bulkhead 

FAA' s TACO (Transport Airplane Certification Directora te) formed a team with 
the major aircraft manufacturers to study on NTSB'~ safety recommendations. and 
they are making a review of large aircraft exceeding 75,000 pounds taxi weight. 
Through the review, modifications of and additions to inspection procedures were 
brought into SID(AC91-51) 

-131 -



Reevaluation of the damage tolerance design i's also under way, (A-85-138 
related) 

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

FAA requested the large transport airplane manufacturers to review the repair 
criteria for the domed aft pressure bulkhead by a letter dated Dec.11. 1985. 
(A-85-139 related) 

f) Issuance of a memorandum to the engineering staff 

A memorandum concerning repairs of important major structures of the aircraft 
was issued to the engineering staff belonging to each ACO (Aircraft Certification 
Office) (A-85-140 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 functions of the hydraulic systems 
following major structural failure of Boeing 747. This work is still u'nder 
progress, but indications are that functions of the elevator. ailerons. and 
spoilers could be secured by installing a fuse before No.4 hydraulic system where 
the hydraulic lines enter the vertical stabilizer. The Boeing Company has issued 
a service bulletin which provides for installation of the fuse on No.4 hydraulic 
system, and the SB is planned to becoae an FAA directive. (A-85-134 related) 

5.1.3 The Boeing Company issued the following SB' sand at the same ti1e 
conducted design modifications, tests. etc. on new production airplanes : 

a) Vertical fin access cover installation (SB747-53A-2264. Nov.25, 1985) 

The Boeing requested ' installation on airplanes in current use of the cover 
for the opening which provides access to the vertical fin. The installation on new 
airplanes was ·made from line number 626 (delivered Dec. 11. 1985). 
(A-85-133 related) 

b) Modification of the hydraulic systems (SB747-29-2063. Dec . 23. 1986) 

The Boeing requested installation on airplanes in current use of the fuse in 
No . 4 hydraulic systems upstream or· the vertical stabilizer. The installation of 
the fuse on No.4 hydraulic syste1 of new production airplanes was initiated at 
line number 663 (delivered Dec.23.1986). 

The rerouting of the hydraulic line between BS1480 and 2460 will be 
incorporated in product ion starting with· Ii rre· nu1ber 696, which wi 11 rol I out of 
the factory in January, 1988. A SB which provides for rerouting of the hydraulic 
line wil I not be issued due to technical complexity unless requested by an 
operator through the Master Change process. (A-85- 134 related) 
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c) Reevaluation of fail -safe valfdity of the aft pressure b~lkhead of Bo~ing 747 
and 767 

The fatigue test and damage tolerance test of the aft pressure bulkhead on 
the current design model as well as on the improved model were completed in March 
19.86 and in July 1986, respectively. (A-85-135 and -138 related) 

d) Evaluation of repair procedures of the aft pressure bulkhead 

Boeing sent a telegram to the operators requesting them to check whether 
repairs have been carried out, and to report details of the repairs conducted . 
(A-85- I 36 and AD85- 22-12 related) 

e) Development of the reinforced aft pressure bulkhead 

The reinforced aft pressure bulkhead was installed from line number 672 
delivered in February, 1987. The modification added two tear straps, a cover plate 
to the center of the bulkhead, and doublers to the both sides of the bulkhead 
around the APU cutout. (A-85-135 related) 

f) Revision on the inspection program of the aft pressure bulkhead 
($8747-53-2275 , March 26, 1987) 

Boeing requested the visual inspection from the aft side at 1,000 flight ­
cycle intervals (freighters) or at 2,000 flight-cycle intervals (passenger 
airplanes); and after 20,000 flight-cycles, the detailed inspection 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). 

As to 747SR. Boeing requested the visual inspection at 2,400 flight -cycle 
intervals: and after 24,000 flight -cycles. the detailed inspection by eddy current, 
etc. at 4,800 flight-cycle intervals. (A-85-137 related) 

5. 1.4 The Civil Aviation Bureau of the Ministry of Transport in Japan took 
the following actions for the safety operation of Boeing 747 and for 
the improvement of the search and rescue system for aircraft: 

a) Instructions to conduct overall inspection of the vertical stabilizer and 
the rudder (Airworthiness Directive TCD-2483 - 85, August 15. 1985) 

b) Instructions to conduct overall inspection of the aft part structure of the 
pressurized cabin (Airworthiness Directive TCD- 2483-1-85, August 17, 1985) 

c) Request was made to the airl ines operating Boeing 747 in Japan to report 
results of repair of the aft pressure bulkhead to both the Boeing Company and 
Japanese Civil Aviation Bureau to reevaluate the repair procedure. 
(JCAB Docu11ent Ku-Ken 747, Septemper 4. 1985) 

d) Enforcement of an entry for inspection into JAL' s Maintenance Depart1ent, 
and recommendation of service improvements based thereon for safety operation 
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(September 5, 1985) 

1) to conduct overall inspection on Boeing 747s whose number of pressurized­
fl ight times has reached the order of 18.000. 

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 airframe 
structures, for the reinforcement of airframe structure inspection of 
Boeing 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 structures of 
Boeing 747, and at the same time to improve the technical evaluation 
procedures of the sampling inspection results. 

Furthermore. to promote to development of preventive measures against the 
the reoccurrence of 1ajor failures. 

5) to ensure the thorough implementation of instructions from the maintenance 
department to the engineering planning department. 

6) to reinforce the inspection and maintenance system of airframe structures 
as well as the all-round safety promotion system. 

e) Notification to FAA of the inspection results of the pressurized cabin 
structures of JAL' s Boeing 747SR' s conducted pursuant to the service improvement 
recommendation. for FAA' s further improvement actions to ensure the operation 
safety of the aircraft. (November 5/December 10. 1985) 

f) Instructions to install a structural cover for the opening within the 
eapennage which provides access to the vertical fin for the purpose of preventing 
the rupture of the fin structures due to flow - in of the pressurized air to the 
empenna&c aft of the pressure bulkhead. (Airworthiness Directive TCD-2611-86, 
May 7. 1986, A-85-133 related) 

g) Instructions to incorporate SID items into the maintenance regulations as a 
measure to cope with the aging change of Boeing 747SR (Airworthiness Directive 
TCD-2636-86, October 13, 1986) · 

h) Up to Su11er of 1986, the i1provement of facilities of the Tokyo Airport 
Office where the Search and Rescue Center is located and the communications 
network among organizations concerned was completed, and the necessary staff was 
increased. Furthermore, on August 7, 1986, a joint training was carried out by the 
Civil Aviation Bureau and organizations concerned. 

5.1.5 JAL has effected or is planning the following improvement actions. 
counter-measures. etc.: 
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a) Design modification of the vertical fin (Airworthiness Directive TCD2611-86. 
A086-08-02 and A-85-133 related) 

On all Boeing 747' s in current use the cover was installed to the opening 
which provides access to the vertical fin up to December 31. 1985. On JA8169 and 
the aircraft the~eafter the cover is installed in their production. 

b) Modification of the Hydraulic Systems 

The installation of the fuse to the hydraulic systems on 4 aircraft in 
current use was completed ly the end of May, 1987, and on the other aircraft in 
current use will be completed by the end of March. 1988. On JA8178 and the 
aircraft thereafter its installation is made at the production time. 
(A -85-134 related) 

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

Inspection on all aircraft in current use was 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 Civil Aviation Bureau. 
(A-85-136 and 139, AD85-22-12. the Boeing's Telegram, and JCAB Document Ku­
Ken 747 related) 

d) Revision of the inspection program of the aft pressure bulkhead 

The eddy current inspections were implemented on six aircraft in the overall 
inspect ion of Boeing 747SR. (No cracks have been found) (A-85-137 Rescue related) 

5 . 2 Comments 
5.2.1 A further i•Provement 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 aircraft 
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 information helpful to the accident investigation 
may have been recorded at a portion which had been erased. There were also found 
portions difficult to read. although the equipment was a product meeting the 
specifications (TSO C-84). 

It is. therefore desirable to develop a CVK covering more recording period, 
and to pro1ote a study to improve the recording in terms of clarity through 
improvement of the total system involving the evR. 

5.2.3 Further enhancement is desirable of search and rescue capabilities through 
periodical enhancement of trainings etc .. pursuant to .agreements which have been 
concluded among organizations concerned to ensure prompt and effective search and 
rescue activities in an emergency. 
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27 Da•are to vertical stabilizer (left side) 
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28 Da•ase to . . ·tical stabil'izer (risht side} 
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30 Da•are to horizontal stabilizer (upper surface) 

STAB STA 

H3.60 

STAB STA 

{Rirht) 

.... 

.~ Not recoverd or unidentifiable fragments 

- Hajor crash ' 

,.._...._,, Hajor crack 
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31 Da•are to horizontal stabilizer (under surface) 

STAB STA sr 1ia sr 1. 

... 

410,00 

(Right) (Left} 

~ .. Not recoverd or unidentifiable fras•ents._ 

Hajor crash 

---- Hajor crack , 
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32 Da•are to af • pressure bulkhead 

., 

t?2Za" Hot recoverd - Separation 

- crack .... Bendinr line 

.. 
::; 

Par~ 2AA}- .. 

L/H _ . LU R/H 

' . No. 4 strap · llS 

No .• 3 strap· - ---- -- ll• 

Lll 

No.2 strap 

No.1 strap Part 4 ~ 

lJJ 

APU pneuaatic duct 

,.,;,~ .. ~-:-r•-,·.-· .. t. . •• • • • • 



33 Latch mechanism of pressure relief door 

Rod . 

Torque shaf H 

-----·CL 
-;:;:-----~L 

shaft 

bearing .· 

bearing 

Door closed 

flame 

· Opened .anua 11 y 

Tr~nion don't slide 
on the Should~r nttl 

Opened without aanually 

Door will be opened without 
~an.ua) lv,:_the. truni~n. slide 
on the shoulder nut against 
sp Ii ng force 

.· 
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34 Da~aae to vertical fin front spar 

Fii SU Fiii SU FIN SU rlll SU rlll SU 1111 SU rlN SU 1111 SU flH SU 1111 SU · flll SU Tiii SU TIN SU· 

u.u1 111.111 in.on 111.111 us.no . 111.111 us.to• no.on us .tot nt.••• Hs.001 111.•n' us.1oe 
., .. , 

I I I I . I 
<I~ "J. l I y 01-: 1'- ( 

r-' ,, ~ \ lJ 
, · n ~ 00 
) I\ . v _l l 
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~ r::: !...l 

I '\, ,.,, 

I~ 
r--

''\.. ,._ r- ...- "' .~ 
I 0 0 - ~ I -v " ~ 

_) lJ ~ 
).... 

<Ii\ 
. ·zzzz~ a:z_i I c 

(lookina forward) 'f,111 S~A 1111 .su flll SU flN SU FINSU rlN SU FIN SU 

m,ooo HS.000 01,00I US.GOO 511,tot sa.ooo no. no 

Typ ical fracture at corner of l section on the rib angle I 
cl I 1~1 (QI I 

Front web web 

: Rib anr 1 es •. 

• Black· colored section was re•ained Reaained rib anal es · 

..... 

.... Re•ained rib anales 

a:o:o Reaa i ned spar chords 

'))))) Abrasions 

,.-,, 

11.H,SU 

511,Ht 
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36 L18 splice of aft pressure bulkhead (simplified) 

L18 stiffener I . I . Upper .web I I F·1 
J.,-_j, ,l );-._L • I er 

. Rivet Ho. . i< ff 1,050 7/,.._)_I __ _ 

Upper edge of lower web 

z 3 4 19 l' 30 I .. - . . 63., 

7n---- 1l ~:!:-=:tjF-:~ ~ ~ :_~J·~ -----ff 
+ -l- + + I S -t- -i- -1- + -1 .. + 

. 3 ~ . Z9 : 30 83 I 8~ 

+ + -t1'+ + .+ + + 
L-------r-----H------------~ lower edge of upper web 
30 83 

n ·Sp) ice plate T1 
UP · 

Ho.1 tear strap Ho.3 tear strap 

" t > Center 

Lower web 

1 L/ff 

(Lookins forwar~) 

~ · Fractu're I ine of upper web ~ 

-t 
136 
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5 Debris of aft fuselage (2) 

r 

6 Horizontal stabilizer 



7 No.1 engine 

8 No.2 engine 



9 No.3 engine 

10 Part of No.4 engine 



11 Fractured part of tierod link 

12 Recovered aft pressure bulkhead (1) 



I 

( 

' \ 

,· 

13 Recovered af t pressure bulkhead (2) 

14 APU air intake recovered from sea 



15 Part of vertical fin recovered froa sea (1) 

16 Part of vertical fin recovered from sea (2) 



17 Wreckage discovered on flight path ( 1) 

,. 

18 Wreckage discovered ~n flight Path (2) 



19 Wreckage discovered on flight path (3) 

r 

( 
\ 

20 Wreckage discovered on flight path (4) 



21 Reconstruction of aft fuselage. (left side) 

22 Reconstruction of aft fuselage (right side) 



23 Vertical fin spread view 

I. 

24 Reconstruction of aft Pressure bulkhead 



25 Pressure relief door 

,. 

! . 

26 Pressure relief door (outside) 



27 Pressure relief door (inside) 

,. 

28 Deformation of skin at left door hinge 

of pressure relief door 

·. 

,. 

, .. : . ..;~i· 1tL~ ... ~:-:: ·~ ... ~ . . .... 



29 Deformation of skin at right door hinge · 

of pressure relief door 

30 Abrasion on the shoulder nut of 

the Pressure relief door (left side) 



31 Abrasion on the shoulder nut of 

the pressure relief door (right side) 

32 Pressure relief door latch mechanism 



r 

33 Rupture of BS2658 APU firewall 

installation parts between SlL and SlR 

34 Hinge support channel of APU air intake duct 

·-~--· 



35 Damage of APU fi rewall i nsta lla tion section at 

BS2658 near S14AR 
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36 Damage of APU firewa ll installation section at 

BS2658 near S23R 

'•rt.....,r.,i 
tvr1A~~ 
,,.~ ... ! '¥;·!· . 

'-HH. \ . . ; ,.,.:;'~~~%; . ./.it.j~ 1, -: ~ o r!,~t~, 
~ .~;:i~: 



37 Da1age of APU firewall installation section at 

BS2658 near S25R 

'• 

38 Warped doubler in APU firewall installation 

section at BS2658 near S25R 



39 Da•age of APU firewall installation section at 

BS2658 near S3L 

~ 

>: 

/ 

40 

-· ' ·· 

Da•age or APU firewall installation section at 

BS2658 near Sl4AL 

.... , 



41 Da1age of APU firewall installation section at 

8$2658 near S26L 

42 Da1age of APU firewall installation section at 

8$2658 between S46L and S49L 
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43 Insulation materials that app~ar to have bl own 

through fastener holes in fuselage skin at BS2638 

44 Fractured skin at vertical stabilizer forward 

torque box front spar left chord 

~n 

L 



45 Fractured rivets at vertical stabilizer 

forward torque box front spar left chord 

46 Fractured skin at vertical stabilizer· forward 

torque box front spar right chord 



" . 

47 Fractured rivets at vertical stabilizer forward 

torque box spar right chord near FS545 

48 Fractured skin at vertical stabilizer forward 

iorque box front spar right chord near FS495 



49 Vertical stabilizer front spar rib angle at PS545 

50 Vertical stabilizer front spar rib angle at PS520 



~ ~· .... -'~' . 

51 Vertical stabilizer front spar rib angle at FS195 

52 Vertical stabilizer front spar rib angle at FS169 
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53 Scratches on vertical stabilizer front spar near FS445 

54 Scratches on vertical stabilizer front spar near FS420 



55 Scratches on vertical stabilizer front spar near FS220 

56 Scratches on vertical stabilizer front spar 

near FS169 
•. 



57 Scratches on vertical stabilizer front spar near FS143 

58 Black substance adhering to right side skin of vertical 

stabilizer (1) 



/ 

59 Black substance adhering to right side skin of verti~al 

stabilizer (2) 

60 Fractured left horizontal stabilizer leading edge 



61 Fractured right horizontal stabilizer leading edge 

62 Fractured right horizontal stabilizer tiP 



/ 63 Fractured left horizontal stabilizer tip 

64 Aft pressure bulkhead part 1 (pressurized side) 



·65 Aft pressure bulkhead part 1 (nonpressurized side) 

66 Aft pressure bulkhead part 2 (press urized side) 



67 · Aft pressure bulkhead part 2 (nonpressuri?ed side) 

68 Aft pressure bulkhead part 2A (pressurized side) 



I 
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69 Aft pressure .bulkhead part 2A (nonp~essurized side) 

70 Aft pressure bulkhead part 3 (pressurized side) 



71 Aft pressure bulkhead part 3 (nonpressurized side) 

72 Aft pressure bulkhead part 4 (pressurized side) 



73 Aft pressure bulkhead part 5 (pressurized side) 

74 -Aft pressure bulkhead part 5 (nonpressurized side) 



75 Aft pressure bulkhead part 6 (pressurized side) 

76 Aft pressure bulkhead part 6 (nonpressurized side) 



77 Buckling of aft pressure bulkhead (1) 

78 Buckling of aft pressure bulkhead (2) 



79 Buckling of aft pressure bulkhead (3) 

80 Buckling of aft pressure bulkhead (4) 



....... 81 Buckling of aft pressure -bulkhead (5) 

82 Buckling of aft pressure bulkhead (6) 



83 Buckling of aft pressure bulkhead (7) 
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84 Aft pressure bulkhead Ll8 splice - lower web edge 

~II 

Aft pressure bulkhead L18 splice -edge distance in 

vicinity of rivet No.29 

· 86 

'*1.C· 
"'" 7 

Aft pressure bulkhead Ll8 splice-edge distance in 

vicinity of rivet No.84 
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87 Aft pressure bulkhead L18 splice-adherence of tabacco 

nicotine in vicinity of rivet No.21 to No.24 

Hatchins surface 
of lower web and 
upper web 

88 Aft pressure bulkhead Ll8 splice -adherence of tabacco 

nicotine in vicinity of rivet No.39 to No . 45 



89 Aft Pressure bulkhead Ll8 splice-adherence of tabacco · 

nicotine i'n ' vicinity of rivet No.49 to No.5·5 

Hatching surface of lower 
web and splice plate 

90 Aft pressure bulkhead Ll8 splice-adherence of tabacco 

nicotine in vicinity of rivet No.70 to No . 72 



91 Aft pressure bulkhead L18 splice-adherence of tabacc-0 

nicotine in v~cinity of rivet No.75 to No.78 

92 Aft pressure bulkhead Ll8 splice-adherence of tabacco 

nicotine in vicinity of rivet No.41 



93 Aft pressure bulkhead Ll8 splice-adherence of tabacco· 

nicotine in vicinity of rivet No.SO 

94 Fuselage frame at fuselage to vertical fin joint 

(BS2436-2460) 

Clump of head insulation materials found 
reinforcement bea• in fuselage frame. 



95 Fuselage rupture ·at fuselage to vertical fin joint 

(BS2484) 

Heat insulation materials found In r ·ssht sk·in . corner at base of aft rorque box. 

96 Vertical stabilizer aft torque box-root of skin on 

left side 

Fi I• cover ins heat insulation Ma terial s found 
tangled in antenna cable, etc. 



.... 

• 

: .. 

97 Central part of horizontal stabilizer center section 

, . 

downward 

L 

Heat insulation found adhering to control cable inside. 

98 Insulation materials adhering to fragments of ceiling of 

rearmost cabin lavatory (lavatory R) 

starboard 



99 Fracture of horizontal stabilizer jack screw (crash site) 

100 Fracture of horizontal stabilizer jack screw 

(condition before teardown). 



101 Damage "to magnetic tape 
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Photo-102 
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Microstructure of upper web skin 

View looking forward 
on aft pressure bulkhead 
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Photo -103 
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Hicrostructure of lower ~eb skin 
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Photo-104 Hicrostructure of tear s t rap 
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Photo-105 Microslructure 
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Photo-106 Microstructure of rivet 
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shank of rivet 
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Photo-109 Fracture surface of rivet hole No.34 inboard. Ty~ica! f~tisue 
fracture facet. Fine striation patterns show stable crack propaga tion due 
to cyclic loading. The spacing of the striation gives the rate of prupu,ation 
being 0.23µm per cycle at thia point. 0.28cm from hole esJ<:. Cra i:k gn?w from 
left to risht on the photo. 
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Photo-110 Fracture surface of rivet hole No . 34 inboard. Striation spacing 
!nere~ses a~ crack growth r3te increases, at 3.05~~ fr~a h0!~ ~Jd~ ~ea~ the 
transition point sho~n photo-107. 
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Photo-111 Fraet ure surface of rivet hole No.47 outbosrd, 
at 0 . 32Q~ from egde of rivet hole No.47 oulboard. 
left on the photo. 

Fine striations 
Crack grew from observed 

right lo 

L 
L·' , . 
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Photo-112 
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Fracture surface of rivet hole No.53 outboard, C le~r striations 

observed :it 1.00:am from ezde of r ivet h"I::- Ho,!18 01ttbc:t!r d, Oir~~dion of crack 
growth is from lower r ight to upper left on the photo, as 4 result of local 
bending lond. 



Photo-113 Fracture surface of rivet bole 
growth is fro~ upper right to lo~er left on 
rivet hole No.66 outboard. 

No.66 outboard. Direclion of crack 
the photo et 0.80mm from eade of 

5 .U IJ 
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Photo-114 Fracture surface of rivet hole No.90 inboard. Direction of crack 
~rowth is from left to right nn the photo at Z, AOmm from e1de of ri vPt hole 
No.90 inboard, 

----0 
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Photo-115 Fracture aspect of No.1 strap. Lower fragment of. the ttpper strap, 
aft view. 

30 3i -'-" co ,.... 
a 

Photo-116 Fracture aspt?cl of No.2 strap.· Lower fraament of the upper strap, 

aft vie1:1. 



Photo-117 Fracture aspect of No.3 strap. Lower frag~ent of the upper strap, 
aft view. 

Photo -118 Fracture aspect of No . 4 strap, Lower fras~ent of the upper strap, 
front view. 
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Photo -120 
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Fracture aspect of stiffener LI8, at rivet hble No . 30. 

Fracture aspect of stiffener LlS , at rivet hole No.83. 
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Photo-121 Close -up view of stiffener L18, re ~ea l 1na shear ~od~ frRe ture, 
at rivet ho le No .30 outboard. 

-00 
lO 
r-

11 

Photo -122 Close-up view o{ stiffener L18, revaali ng shear ~od e fracture, 
at rivet hole No . 83 outboard. 
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Photo-123 A part of hi lure l ine 1n lower U1eb ·through rivet· holes 84·'89. 

Observation of upper fraament, aft vie~ . 
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Photo-124 The acc ident aircraft flying over Okutama. 
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Attachment Repair of damage caused by Accident at Osaka lnlernational Airport. 
in June 1978 

JA8119 received damage to part of its airframe during landing at Osaka 
International Airport in June 1978. The aircraft was ferried to Tokyo 
International Airport. where repairs were carried out. 
The following investigation was conducted on the repair work of damage caused by 
the accident: 

Summary of the Accident at Osaka International Airport(*) 
The aircraft. when landing at Osaka International Airport at approximately 

1501 hours June 2. 1978 as JAL scheduled flight number 115 (Tokyo to Osaka). was 
substantially damaged by contact of its lower part of the aft fuselage with the 
runway, but no fire occurred. In this accident two passengers were seriously 
injured and 23 passengers were slightly injured. 

The total flight hours of the aircraft up to this accident was 8.832:25 hours. 
(*l) refer to Aircraft Accident Report on JAL' s JA8119. 

Boeing 747SR-100 (dated February 27. 1979) 

2 Damage to the Aircraft 
The aircraft was inspected in accordance with part of the Hard La.nding 

Inspection Phase 1 and 2 in JAL' s Maintenance Regulations. and a more detailed 
inspection was conducted on the damaged portions. 

2:1 Major damage was as follows: 
(see Photo-1 and -2. and Attached Figure-! and -2. of Attachment 1) 

(1) Horizontal stabilizer control system 
(a) frame lower half chord and web of BS2460 and 2484 

(b) BS2484- 2598 lower shear panel 

damaged 

cracked for 
about 2.1 meters 

(2) Lower chord section and web of horizontal ruptured 
stabilizer hinge support structure bulkhead (BS2598) 

(3) Aft pressure bulkhead dome (4 to 8 O'clock) webs deformed 

(4) Lower section of frame BS2126. 2280. 2300 and 2340 deformed and/or 
cracked 

(5) Right lower portion of frame BS2377 . 2397 and 2412 deformed 

(6) Lower sect ion of frame .BS.2436. 2506 - 2577 deformed and cracked 

(7) Lower section of frame BS2618.2638 AND 2658 deformed and cracked 

(8) Both sides of APU door frame cracked 
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(9) Bottom frame and skin of tail cone 
aft sect ion (BS2742 - 2792) 

(l 0) Lower sect ion of bulkhead BS2658 

(l 1) Aft drain mast 

(12) APU battery compartment door 

ruptured 

r·upt ured 

ruptured 

def or11ed 

(13) Bot tom surface skin of fuselage scratched and 
BS2100-2792 attrited 

(14) Both wing gear equalizer rod and truck beam damaged by contact 
Both wing gear equalizer rod and lower part 
of shock strut inner cylinder II 

(15) APU aft mount assembly deformed 

done by JAL at Osaka 3 After provisional repairs and maintenance were 
International Airport. the aircraft was ferried to 
on June 15, 1978. 

Tokyo International Airport. 

4 It was decided the repairs of the aircraft be conudcted at Tokyo International 
Airport by the Boeing Company, the manufacturer of the the aircraft. and a repair 
contract ( * 2) was concluded between JAL and the Boeing Company. 

(*2) The foll owing letLer of agreement was exchanged in connection with the 
contract: 

Repair Agreement No.6-1171 -7-2757, dated June 10. 1978 
A partial revision was made later on details of this agreement . 

4.1 The outline of agreed iteas on the repairs was as follows: 
4.1.l Boeing will accomplish the repair of the aircraft in JAL hangar facility 

at Tokyo International Airport . 

4. l. 2 
(1) 

Major repairs are as follows : 
remove and replace of some of component materials of Section ~6 
(Fuselage of BS1480-23SO) 

(2) remove and replace of some of component materials of Section 48 
(Fuselage of BS2360-2792) C* 3) 

With regard to the aft pressure bulkhead. the work involvb ~ replacement of 
the lower half (including the collector ring), removal/replacement of APU for 
inspection. etc . 

(3) replacement of some parts of the main landing gear 
(4) hard landing check. fuselage pressure test. and other necessary system 

functional tests. 
(*3) Replacement of the pressure relief door is included. although it is not 
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prescribed explicitly in the agreement. 

4.1.3 Boeing will procure necessary parts and materials as determined by Boeing . 

4.1.4 Boeing performs removal of certain equipment for functional check by JAL 
and reinstalls it on the airplane. 

4.l.5 Boeing submits to JAL results of the repairs and inspections in FAA 
Approval Form 337 (*4) . 

(*4) FAA Approval Form 337 is a fonat for the report to be submitted to FAA 
when repair/alteration work has completed by a FAA -approved repair 
station. for the purpose of obtaining legal authorization for returning 
the repaired aircraft to operation in the USA. 

4.1.6 Boeing will perform the work and services In accordance wih engineering 
and repair techniques established under FAA approved procedures to be inspected by 
Boeing personal to Boeing standards. 

The repair plan above is based on the idea that major structural parts which 
were daaaged be replaced by production parts for use in new aircraft. with the 
same production joint as for the new aircraft. 

5 Prior to start of the repairs. on June 15. 1978 the application for the 
inspection of repair or alteration was submitted to Ministry of Transport from JAL. 

6 ln parallel with the ~aintenance work in progress, No.SC aaintenance and 
modification work covering more than 50 items were conducted by JAL. 

7 The outline of the repairs were as follows: 
7. 1 The repairs were conducted by a repair team dispatched from the Boeing 

Company, and composed of more than 40 persons involving engineers, inspectors and 
other members. 

7.2 The repairs were conducted during a period of June 17 to July 11. 1978, in 
which June 24 to July I was for the aft pressure bulkhead . 

7.3 The repairs for the aft pressure bulkhead (including other related work) 
were conducted as follows: 

(l) Besides the usual jack support. jacks with a load meter (two each for the 
left an~ right. 4 in total) were supported at BS2200 and 2509.5 and the jack loads 
(*5) were monitored and adjusted so as to prevent deformation to the fuselage 
after removal of a portion of the lower section of the aft fuselage fqr the repair 
wo.rk. 

C*5) The jack load was adjusted to a preset prescribed value. but no 
measurement was made of deformation in the supported condition. 

(2) The lower half (lower than WL274, and including Y chord) of the aft 
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pressure bulkhead and the collector ring were removed. 

(3) In the work to attach the new lower half of the aft pressure bulkhead. 
firstly, the lower half of the bulkhead was attached to the airframe at the Y 
chord portion, then, to connect it to the upper half of the aft pressure bulkhead 
on the airframe side, rivet holes were bored along the web edge of the lower half 
of the bulkhead, making them match the existing rivet holes of the upper half 
bulkhead. 

(4) In the inspection by the inspector of the repair team after the completion 
of the work above. edge margin of less than value specified in the structural 
repair manual was found around the rivet holes for almost all area of L18 joint on 
the left side of the lower half of the aft pressure bulkhead. 

(5) To compensate for the discrepancy above. a rework disposition was given 
from the engineer of the repair teaa that a splice plate be inserted, as shown on 
the left side of Attached Figure-3 of Attachment 1. between webs insufficient in 
edge margin. 

(6) Irrespective of such rework instructions having been issued, in the actual 
repair work. a short splice plate and a filler were used as shown on the right 
side of the attached figure above, instead of a single splice Plate. with the 
result (hat the connection for two bays between the 1st strap and the 3rd strap on 
the left side became a one-row riveted connection, instead of the two-row riveted 
web connect ion to be made between the u_pper half and the lower half of the aft 
pressure bulkhead. The splice plate and the filler were manufactured from the 
removed old bulkhead. 

This work was carried out on June 26. and completion inspection by the 
inspector of the repair team on June 27. but the inspector could not find the 
above results. 

(7) After the lower half of the aft pressure bulkhead was installed, the 
collector ring was then installed. 

(8) In the inspection by the inspector of t·he repair team, oil canning was 
discovered at six locations on webs of the aft pressure bulkhead, as shown in 
Attached Figure-4 of Attachment 1. out of which three were within the allowance 
of the 747 Structure Repair Manual, but on the other three the following repairs 
were conducted: 

As to the oil can on the web between the 1st strap and the 4th strap on the 
lower edge on the right side of the upper half of the bulkhead. it was planned to 
apply a doubler to cover this portion. and actually the doubler as shown in the 
figure was used for two bays. The oil can between the 3rd strap and the 4th strap 
was judged afterwards as within the allowance of the Repair Manual. The doubler 
was manufactured from the removed bulkhead. and was fixed by rivets at 1.5 inch 
intervals. 
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As to two small oil can area near the outer margin on th~ right side of the 
lower half of the bulkhead. the corrective action was made by riveting a short 
strap andan L·shaped angle. 

(9) An investigation of the wreckage indicated that the edge margin was less 
than drawing requirement on some portions of the rivet row between the 3rd strap 
on the left side and the collector ring in the juncture of the upper half and the 
lower half of the bulkhead (refer to 2.15.1.5(5)). 

7.4 As a test relating to the repair of the aft pressure bulkhead. a pressure 
leak test was conducted on July 9 to investigate the leakage of pressurized air 
from the repaired portions. In the test, the decrease in pressure with time was 
measured. the inner pressure being applied up to at 4 psi in accordance with the 
Boeing's standard. It was ascertained that the pressure decrease time was 
virtually within the limit value. The production step to apply a 12 psi load was 
not accomplished since it was not on FAA requirement. 

8 Test flights were carried out on July 10 and 11 by JAL with attendance of 
airworthiness engineers of Civil Aviation Bureau. The test flights were made with 
respect ·to therepairs conducted under the charge of the Boeing Company. 

In the test flights, no discrepancies were found of the structurai repairs 
conducted under the charge of the Boeing Company. 

9 Inspection of the structural repairs conducted under the charge of the Boeing 
Company was made in accordance with the standard of the company . Records of the 
repairs and inspections were described in FAA Form 337 and confirmation of its 
completion was. made as of July 11. 

1 0 The acceptance inspection by JAL was conducted as follows: 
JAL carried out, as the acceptance inspection of the repairs conducted under 

the charge of the Boeing Company, confirmation on whether each repair item had 
been accomplished as contracted. attendance at system function tests after the 
repairs, and confirmation of functions by test flight. and check on work records 
submitted by the Boeing Company, and accepted on July 11. 

1 l Inspection by Civil Aviation Bureau was conducted as follows: 
Civil Aviation Bureau on application from JAL of inspection on repair or 

modification in accordance with the Civil Aviation Law, made inspection on the 
repair plan, the process of repair ·and the condition after completion of the work. 

This involves che~ks by the airworthiness engineers of CAB on the repair plan 
through reviewing the drawings submitted from the applicant, checks on the repair 
process based on. work records. as well as inspection on the conditiorr after 
completion of the work such as general external inspection , functional tests on 
the ground and flight test . 

Check for drawings was made on the portion jointed with a splice plate of the 
structural material, which had been divided into two halves for convenience of air 
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transport. for the replaced portion of the side longeron of section 48 of the aft 
portion of the fuselage. With regard to the repairs of L18 splice of the aft 
pressure bulkhead, confirmation of the work records was made after the repair work 
was completed in the same manner as other repaired portions. 

At the first test flight, attended by the airworthiness engineers. 
discrepancies for travel of the horizontal stabilizer. which had been removed for 
maintenace. etc. were found. So. flight was again carried out after replacing 
stabilizer jack screw. etc. 

During the test flight. no discrepancies of the aircraft structure were found. 

As of July 12. the aircraft was judged to have passed the inspection of 
rePiir or alteration. subsequent to the issuance of the certifi~ate from the 
Boeing Company in accordance with FAA procedures and the completion of the 
acceptance inspection by JAL on the repairs by the Boeing Company. 
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Attachment 1 Attached Fisure-3 

Instruction isssued for correction 

and actual work of splice 

the way lo joint instructed 

in the corrective •easure 
juncture actually practiced 
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Attachment 1 Attached Fi sure - 4 

an insi1nificanl oil can 

(8 inches in d}~•eler) 

-~ 

a insignificant oi I can -----.. 
5" x 16" x o. 08-0. 09" 
-OK 

double little oil cans-+ 
doubler plates fit up 

I 
...... 
0 
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• - _T 

Treatment of Web Oil Cans 

a insignificant oil can 
8"X6,.X0.08" 
-OK 

stiffenin1 slrap ..... 

a strap fit up 

\_a little oil can+ 
a strap fit . up 

Dia1r1• as viewed fro• aft of the bulkhead 
a Ii tt I e o i I can+ 

L·shaped stiffener fit up 



I 
t-' .... 
I 

Attach•ent 1 Photo-1 

Under surf ace of the e•pennage 

Attachment 1 Photo-2 

Lower portion of the APU firewall 



Attachment 2 Status of Operations, Maintenance and Discrepancies of the 
Accident Aircraft after the repairs in 1978 

l. Stat us of Operations 
l. l Flying hours and number of flights of the accident aircraft were as follows: 

Flying hours after No.SC maintenance in July 1978 16,195:59 hours 
Number of flights ,; 12.319 
Total flying hours after manufacture 
Total number of flights ,; 

25,030:18 hours 
18,835 

1. 2 Main flight routes of the aircraft for domestic flight were as follows: 
Between: 

Tokyo Okinawa Sapporo Osaka Osaka Fukuoka 
Tokyo Fukuoka Sapporo Fukuoka Osaka Okinawa 
Tokyo Sapporo 
Tokyo Osaka 

1.3 Main flight routes of the aircraft for international flight were as follows: 
Between: 

Osaka - Guam 

1.4 In operations during this period, neither irregular operations nor 
inappropriate matters to be mentioned occurred except for those described in paras. 
1.5 and 1. 6 below. 

1.5 An irregular operation at Chitose Airport on August 19, 1982 
When the aircraft made a go around on Runway 18L at Chitose Airport on 

August 19 1982. No.4 engine pod contacted the runway. The aircraft thereafter 
changed runway to 36R and landed. 

(1) Damaged parts by this irregular operation were as follows: 
(a) three bends on the fan reverser door link (5-7 O'clock positions) 
(b) wear damage to the lower side of the fan cowl 
(c) wear damage to the lower side of the engine primary reverser door 

(2) The aircraft. after a provisional eapair was conducted. was ferried to 
Tokyo International Airport. where No.4 engine, and the side cowls both right and 
left and the fan cowl of the engine were replaced. 

1.6 An investigation was conducted on the flight records of the aircraft (the 
cockpit flight log and the cabin f'light log) in the latest half year (February to 
August. 1985) for flight discrepancies in terms of the items below: 

(1) vib.ation. disturbance and irregular sound of airframe 
(2) faults such as structural deformation of the aft fuselage or the aft 

.Passenger cabin 
(3) malfunctions.of the vertical fin and the rudder control systems 
(4) malfunctions of the horizontal stabilizer. the elevator control systems. and 

the stabilizer trim. control system 
(5) malfunctions of pressurization. air-conditioning, oxygen supply, and alert 

system 
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(6) malfunctions of APU and its control system 
(7) others (lavatory door) 

1.6. 1 Results of the investi&ation were as follows, and it was found that 
corrective measures had been taken for each discrepancy. 

(I) Vibration. disturbance and irregular sound of airframe (15 cases) 
There were 15 cases caused by air leak from the door seal, the cooling 

blower and for other reasons. 

(2) Faults such as structural deformation of the aft fuselage or the aft 
passenger cabin 

None 

(3) Malfunctions of the vertical fin and the rudder control system (2 cases) 
In flight 902 of June 18, there was a discrepancy that with the upper rudder 

at the neutral position the lower rudder indicated 2° left on the ground as well 
as in flight. A check made at Tokyo International Airport showed that the 
difference between the upper and the lower rudder. and the error of the indicator 
were within the allowances. Inspection on the seal between the upper and the lower 
rudder was carried over until the aircraft parked at Tokyo Internati onal Airport 
after it was operated thereafter three times as scheduled flight on the same day. 
The inspectio·n was conducted upon termination of flight 130 at Tokyo l'n ternational 
Airport. As a result of the inspection, the rudder position indicator was replaced 
because the indicator's pointer caught. In addition. the functions and neutral 
position of the rudder were checked and lubrication oil was applied on the contact 
surface of theseal between the upper and the lower rudder. 

Furthermore. a discrepancy was reported on flight 101 of July 15 that with 
the rudder pedal and the rudder tri• both in neutral position. the lower rudder 
was not brought into the neutral position on the rudder indicator. Test of the yaw 
damper. functional test of the rudder and inspection on the lower rudder position 
were carried out. 

(4) Malfunctions of the horizontal stabilizer, the elevator control system. and 
the stabilizer trim control system. 

None 

(5) Malfunctions of pressurization. air·conditioning, oxygen supply and alert 
system (7 cases). 

There were 6 discrepancies reported of the low pressure of the oxygen bottle 
for crew (the oxygen bottles replaced), and a discrepancy reported that the 
autopilot warning horn sometimes became unresettable (The flight mode annunciatJr 
on copilot side was replaced). 

(6) Malfunctions of APU and its control system (2 cases) 
There were two discrepancies that it was impossible to start APU because APU 

door light was on (APU door actuator replaced) , and that the APU door did not move 
normal (APU door actuator replaced) 
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(7) Others (Lavatory doors) (33 cases) 
There were 33 cases of discrepancy on lavatory doors reported. The cases were 

related to opening or closing of the door and locks. except for 2 cases. The 
breakdown of cases relating to opening or closing of the door by the location of 
the lavatory was: 19 cases for location S, 8 for location Q, one for location R, 3 
for location B. one for location J. and one for location Ul (refer to Attached 
figure of Attachment 2 for location of lavatory). 

1.6.2 Investigation on malfunctions of the lavatory at location S 
JAL conducted the following investigation on malfunctions of the lavatory at 

S location: 
The malfunction concerning opening and shutting of the door of the lavatory 

at location S occurred only on Osak,-Guam route, and it has been also reported by 
other aircraft operating on th~ same route. The status of the occurrence during 
October 1 to December 31, 1985 on three representative aircraft were as follows: 

Registration Number of cases Measu·res taken 
mark of malfunction 

JA8121 5 (*1) Trim of lower edge 2 cases, tightened fastener 
case. inspection 2 cases 

JA8117 

JA8126 1 (* 4) 

Trim of lower edge 1 case, tightened fastener 4 
cases, latch adjusted 2 cases, inspection 1 case. 
others 3 cases (* 3) 

Others case 

(* 1) one case occurred 20 minutes after take-off. 
(*2) one case occurred 10 minutes after take-off. returned normal at 

10, 000 feet. 
(*3) in two cases, magazines and newspapers were relocated. 
(*4) occurred only on the ground. 

The lavatory at location S is constructed of a module, connected with the 
adjacent T location lavatory at the upper and the forward portion, and connected 
with the aft coat room at the upper portion by rod. And the S location lavatory is 
easily affected by deformation of the coat room, because the aft coat room's side 
panel is near the S lavatory's door jamb. 

On the Osaka-Guam flights ordinarily the following passenger cabin service 
supplies were loaded in t .. e aft coat room at the time of departure from Osaka: 
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Leftside coat room 

Ri&htside coat room 

three pillows about 2 lbs on shelves. dry ice 88 lbs under 
shelves, about 90 lbs in total 
ear phone 550 pieces 66 lbs on shelves, newspaper 55 lbs 
and magazines 200 copies 114 lbs under shelves. about 240 
lbs in total 

The loading of the cabin service supplies on the flight had been put into 
practice since several years before, and the amou nt carried increased in mid of 
the period : The load limit of the aft coat room is prescribed by the Boeing 
Company as 110 lbs on shelves and 200 lbs at the coat rods, and the loading under 
shelves are prohibited. 

The gap between the door and the jamb of the S lavatory was measured on the 
ground simulating loading conditions of the supplies above, with a cabin 
pressurization of 6.5 psi, using JA8117 on which malfunctions were often reported 
of the S location lavatory. The test results indicated that the gap becomes small 
when the supplies are loaded, or the cabin ispressurized. and much smaller when 
both are applied at the same time. and the doorbecomes uneasy to open or shut. If 
there is no loading in the aft coat room. the opening and shutting of the door is 
not affected by the pressurization in the cabin. 

In a flight of JA8117 on the Osaka-Guam route. an investigation was made on 
the influence to the door gap of the supplies loaded in the aft coat room and the 
cabin pressurization . The results obtained was the same as the tests results on 
the ground. 

The same investigation was carried out on the T location lavat ory located 
symmetrically to the S location lavatory, but no influences to opening or shutting 
of the door were found. possibly because the way the door jamb of the T location 
lavatory is loaded is different from the above case due to difference in weight, 
shape and loaded place of the articles loaded in the coat room . 

JAL based on above results. further made sure of prohibition of loading of 
articles under shelves in the coat room throughout the company . 

According to the jAL. 5 aircraft on Guam flight during April through 
September 1986 were checked, and there were no discrepancies of the door of the S 
location lavatory 

I . 7 Pressurization of Passenger Cabin in Flight 
Pressurized structures of Boeing 747SR is designed in accordance with 

establised standards on such premise that the maximum pressure differential of 9.0 
psi applies in normal operations . The cabin pressure selector switch to set up 
the cabin pressure pressurization level can be selected to either 8. 9 psi or 6.9 
psi as an established value (the maximum pressure differential ) . The selector 
switch can be selected to 6.9 psi 1n case that cruising altitude is low (short 
range flight). and to 8.9 psi in case the cruising altitude is high (long range 
flight). 
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However. JAL had operated the aircraft always with the selector switch 
set to 8.9 psi. in which case the pressure differential in operation would be 8.74 
psi at altitude 35.000 ft. and 7. 36 psi at altitude 18,000. 

JAL made a study, at the time of the introduction of Boeing 747SR. on the 
fatigue life of the pressurized fuselage under its standard operational mode 
estimated. As a result of the study, JAL estimated that the fatigue life would be 
about 6 % shorter in case the cabin pressurization selector switch is set always 
to 8. 9 psi than it is in case the switch is selected either 8. 9 psi or 6.9 psi 
depending on the cruising altitude. 

2. Inspection and Maintenance 
2. 1 Set · up of Maintenance Procedures for Boeing 747 

Generally speaking, with regard to the 1aintenance procedure for a large 
transport category civil aircraft developed in the USA.the regulatory authorities 
that issued the type certificat-e of the aircraft would make up fundamental 
reference materials for the inspection and maintenance with cooperation of the 
aircraft manufacturer and leading air carriers. Based thereon. the manufacturer 
prepares more detailed reference materials. 

Aircraft operators of each country. based on these reference materials. set 
forth their own manuals on inspection and maintenance taking into consideration 
their own systems, technology, facilities. etc, and put them into effect. with the 
approval of the regulatory authorities of the country . 

2.2 Inspection and 1aintenance system of Boeing 747LR 
In Boeing 747 series. 747LR-100 (for long range, hereinafter referred to as 

"LR" to distinguish it from SR) was firstly developed. and brought into operation 
in 1970 in the USA. Prior to the inauguration. ATA (American Transport 
Association) established the 747 Maintenance Steering Group with the cooperation 
of the FAA. and major aircraft manufacturers and leading air carriers. and drew up 
in 1968 the handbook "MSG~1· to be basic to inspection and maintenance procedures 
of Boeing 747. JAL participated in the work to drew up the document. Subsequently, 
the FAA established MRB (Maintenance Review Board) for 747 with the co-operation 
of the Boeing Company and air carriers. and draw up the MRB Report which should 
provide a guide line in case an operator introduces the aircraft. JAL was also a 
member of this board. Meanwhile. the Boeing Company, adding Boeing's recommended 
items to MRB Report. prepared the MPD (Maintenance Planning Document) as reference 
materials to the operators of 747 which set forth their own maintenance 
regulations. 

Based on thse materials JAL estab.ished their maintenance regulations of 
747LR. pursuant to their introduction of the aircraft. and laid down the following 
manuals as attachments to the maintenance .regulations which prescri.be in details 
ite1s of maintenance. substantial methods of mainienance and other related matters 
of 747LR. The regulations and the attachments have been revised as necessary 
thereafter with reference to the operational experience of many air carriers. 

Maintenance System Manual (MS~) 
Maintenance Requirement Manual (MRM) 
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Aircraft Release Specification CARS) 
Aircraft Maintenance Manual CAMM) 
Structual Rep~ir Manual (SRM) 
Power Plant Overhaul Manual (POM) 
Component Overhaul Manual (COM) 
Standard Process Manual (SPM) 
Material Handling Manual (MHM) 

2.3 Inspection and Maintenance System of Boeing 747SR 
The maintenance system for SR is fundamentally the same as that for LR. 

However, due to difference in part of the structure as well as in way of 
operation, there is difference between them on some items of the maintenance 
regulatjons and the attachment manuals thereto. 

The Boeing Company issued in 1983 the SID (Supplemental Structural Inspection 
Document), with reference to methods of MSG-3 and by applying the concept of the 
newly developed damage tolerant design, for the purpose of the life extension of 
the LR aircraft, while ensur ing the safety and reliability of LR aircraft already 
in use. Based on this SID, JAL supplemented the maintenance items of the LR 
aircraft with the SID maintenance items in 1984. 

The above -mentioned SID does not require its application to SR aircraft. but 
JAL applied the SID to their SR aircraft, and 95 items were added to the 
maintenance !tens of SR at the same tiae as LR in 1984. for the reasons that the 
pressurized structure of the fuselage of SR is fundamentally the same as for LR . 
and that the means to operate the pressurization is almost the same . 

The SID of the Boeing Company for SR was published in April 1986. but JAL 
did not alter the SID maintenance items which had been brought into effect. 

2.4 Maintenance Procedures of the Accident Aircraft 
For Boeing 747SR -100 ·aircraft involving the accident aircraft. JAL adopted 

the following divisions (*5) of maintenance , and items of maintenance work 
prescribed. in their maintenance regulations and attachment manuals thereto have 
been conducted by the division. 
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(*5) Although there are maintenance items corresponding to ·1r maintenance for 
B747SR and B747LR. in case of SR the work items corresponding thereto are 
dispersed in ·A· maintenance. 

Maintenance Division 
T 

(for every flight) 

A 
(for every 250 hours) 

c 

Major work contents 
Pre - flight Inspection: 
Overall external inspection, fuel supply, lubrication . 
oil check, tyre pressure check, and dealing with fli&ht 
squawks 

Inspection for external conditions: 
Inspection on conditions of engines and their 
accessories. landing gear, 11ovable surface. fuselage, 
wings, cockpit, and passenger cabin. and dealing with 
flight discrepancies 

Detailed Inspect ion: 
(for every 3,000 hours) Function test of systems, operation test, inspection on 

status of piping, wiring and cables. scheduled 
replacement of ·landing gear, inspection on airframe 
structure. and dealing with flight discrepancies 

H Planned modification of aircraft, recoating of the 
(for every 3- 4 years) exterior. etc 

Inspection items newly added pursuant to the application of the SID are 
incorporated into ·c· maintenance or •tt• maintenance above depending on its 
inspection interval required. 

2.4.1 T Maintenance 
·T· 11aintenance includes post - landing check, check at intermediary stops, 

and pre - flight check. An 6verall exterior check is aade visually for detection 
of significant defects such as oil leak. In the post-landing check, the cockpit 
flight log and the cabin flight log are reviewed for flight squawks, and if any, 
inspection and repairs are conducted for the portions concerned. 

The post-flight check is usually made by three personnel in about 50 minutes. 

2.4.2 A Maintenance 
This maintenance is usually done within 250 flying hours. As shown in the 

table above, it is an inspection and maintenance mainly by visual check on parts 
operating in flight such as engines, landing gear. CLHrol systems, and includes 
inte r nal checks under the conditions that easily openable or removable doors and 
covers are kept opened. As to structures, only overall external visual inspection 
is made. Maintenance . repair, or replacement is made on ·raults discovered by 
inspection . 
"A" maintenance is usually carried out by a team of 12 personnel for about 7 hours. 

2.4.3 C maintenance 
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This maintenance is usually conducted within 3,000 flying hours. It consists 
mainly of inspection and maint enance of airframe structure, and check on functions 
and maintenance of each system. including detailed check on each part. Among the 
maintenance items. there are some items which are effected once at intervals of 
several ·c· maintenances . 

The structural inspection is done mainly by visual check from the outside, as 
well as from the inside with doors and covering removed. The means of the visual 
checks is described in detail in para. 2.6.(1) . 

The man -hour required for C maintenance varies with the number of times C 
maintenance was conducted to the aircraft. but the recent statistics of several 
cases on SR indicated 7-12 days by 60-90 people. 

(1) The maintenance 
in accordance with the 

Name of work card 
(card number) 

STR fNSP-L.11/R.ll 
FUSE EXTERIOR 
(7TK8251) 
(7TK8252) 

I NT I NSP -CBN AFT 
END STR 
(7SK7303) 

STR IHSP-L.H/R.H 
PUSE EXTERIOR 
(7TK809 l) 
(7TK8092) 

INT INSP-TAIL 
COMPT STR FID 
(7SK7301) 

INSP&CORR PREV­
TAIL COMP STR(SR) 
(7TS8375) 

I HT I NSP- FUSE BS 
2360 PRESS DOME 
(7EK3381) 

Items relating to the aft pressure bulkhead are conducted 
following work cards: 

Contents of work fork interval 

exterior inspection on skin and 
stringer splice above stringer S-6 
in 8$2360 crown area (G2)(* 6) 

interior inspection on skin and 
stringer splice above stringer S- 6 
in 8$2360 crown area (G2) 

inspection on 8$2360 pressure 
bulkhead and its installation 
status as well as the 
surrounding fuselage skin (G2) 

internal inspection of forward 
portion of empennage structure(G2) 
CD BS2360 pressure bulkhead and 

fitting bolts 
~backside stringer splices of 

BS2360 bulkhead fro11 S-12L 
to S- 12R 

every 4C 

samp Ii ng 
16%/20,000 hours 

) 

every time 

sampling 
20%/20.000 hours 

corrosion inspection on lower every 2C 
portion of aft surface of pressure 
bulkhead (20 inches high from bottom) 
and spray of T- 9(corros.ion preventive) 

inspection on all circumference SID item 
of Y chord and webs of BS2360 30,000 cycles 
pressure bulkhead (around Y chord 
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INSP-AFT LAV. 
UNDER STRUCTURE 
(7ZK2090) 

CORR I NSP- EMP 
INTERIOR 
(7TK7362) 

and rear flange of web fixture)(G2) · 

corrosion inspecLion on structures 
under floor from No.5 door to aft 
pressure bulkhead. and spray of T9 

corrosion inspection on inside of 
fuselage aft of pressure bulkhead 
(BS2360-2484) 

(*6) For mark G. refer to visual inspection level in para.2.6.(1) 

every 6 
years 

every ti me 

The work of the work cards 7SK7301, 7SK7303 and 7EK3381. sampling and SID 
items. had not been conducted for the accident aircraft. because its 
implementation date has not become due. 

lith regard to the aft pressure bulkhead. corrosion inspection On the lower 
segment of the bulkhead and inspection on Y chord are emphasized with special 
mention. but mutually spliced portions between webs of the bulkhead such as Ll8 
joint where cracks were caused in the accident aircraft are not designated as 
special inspection points. and the inspection thereof is involved in the overall 
visual inspection of the aft pressure bulkhead (*7). 

(*7) Such inspection method is considered to have been adopted, because a 
sufficient margin of strength was provided in the autuaJ!y spliced 
portions of webs from the structural design viewpoint. and there were no 
instances in the structural inspection of 747 aircraft where such cdtical 
defects· as cracks were discovered at the portions. etc. therefore general 
visual inspection mainly for corrosion would be sufficient. 

(2) Jfth regard to maintenance items relating to structures of the empennage 
(section 48). the number of the inspection items in accordance with the 
maintenance regulation is 39 (including 7 inspection items on SID). and the number 
of the work cards used for this maintenance is 24 (including 7 work cards on SID) . 

(3) lith regard to maintenance items relating to the vertical fin and the 
rudder. the number of ·the inspection items in accordance with the maintenance 
regulation is 37 (including 7 inspection items on SID). and the number of the 
work cards used for this maintenance is 22 (including 7 work cards on SID). 

- 20-



2.4.4 H Maintenance 
•tt• maintenance is for such work as large -scale modification of ai1craft and 

recoating of the exterior. and is carried out at 3-4 years intervals as required, 
different from ·A· maintenance or ·c· maintenance conducted on a scheduled basis. 
In case of 747 aircraft. ·n· maintenance is ordinarily made at lhe same time as 
the scheduled ·c· maintenance. not being affected independently. 

2.5 Status of Maintenance Work conducted for the Accident Aircraft 
2.5.1 ·c· and ·u· maintenance carried out after the repair in July 1978 are as 

fol lows: 
No. Effected period 

SC '78.06.15-07.10 

2H '78.11.28-12.12 
SC . 79.05.21-05.28 
7C . 80.06.04-06.16 
SC . 81. 06. 23- 07 .10 

9C . 82.06.22-07.04 
lOC . 83.10.28-11.09 
llC . 84.11.20-12.05 

Total flying Total No 
hours of f 1 ight 

8,834:19 6,516 

9,785:06 7,298 
10,927:55 8,220 
13.406:50 10.205 
15.698:07 12.019 

17.744:35 13,633 
20. 719:43 15.823 
23.329:47 17.595 

Remarks 

conducted the same time as 
repair for the accident 
at Osaka 

No.3H maintenance was 
conducted the same time 

No.4H maintenance was 
conducted the same time 

2.5.2 ·A· maintenance ·effected after No . llC maintenance are as follows: 

No. Effected period Total flying Total No 
hours of flight 

lA ' 85.01.08 23,535:47 17.757 
2A N.02.17 23.767:53 17.936 
3A N .03.27 23,996:24 18.104 
4A N .04.29 24.219:19 18.267 

. SA N • 05 • 29 24.443:14 18.427 
SA N .06.23 24.636:36 18,563 
7A ''.07 . 21 24.849:00 18.713 

2. 5.3 In ·c· maintenance and ·A'·· maintenance conducted since July 12. 1978 up to 
Present, there were recorded no faults to be remarked. 

2.5 . 4 Records of ·c- maintenance (No.5-11) since 1978 as well as ·A: 
maintenance since January 1985 were reviewed for faults on the following items: 

(1) Faults such as structural deformation and corrosion. of the aft fuselage 
and the aft passenger cabin (including deformation of doors. lavatories. 
shelves.etc.) 

(2) Faults such as structural deformation and malfunction of the vertical fin 
(3) Faults such as structural deformation and malfunction of the horizontal 
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stabilizer 
(4) Faults of rudder and elevator as well as horizontal stabilizer trim control 

system 
(5) Faults of APU and APU control system 
(6) Faults of pressurization and air-conditioning system 

Results of the investigation on the above items were as follows: 
(1) Faults such as structural deformation and corrosion. of the aft fuselage and 

the aft passenger cabtn (including deformation of door. l~vatories. shelves. etc) 
(14 cases) 

The breakdown was air leak from L-5 and R-5 door frames 4 cases. corrosion 
on fuselage skin 9 cases. other 1 case. The leak and the corrosion were dealt 
with by rectification of the door seal and anti-corrosion treatment. respectively. 

(2) Faults such as structural deformation and malfunction. of the vertical fin 
(16 cases) 

There are 12 cases of corrosion on the skin of the vertical fin. hydraulic 
piping of the rudder etc. for each of which anti-corrosion treatment was given. 

At the time of No.8 and No.9C maintenance there were 3 cases of limit -out 
from the neutral position of the upper and the lower rudder. for which adjustment 
was made. 

At the time of No.9C maintenance was found leak of hydraulic fluid from PCP 
for the upper rudder. and the PCP was replaced. 

(3) faults such as structural deformation and malfunction·. of the horizontal 
stabilizer (18 cases) ~ 

18 cases of corrosion were discovered on the horizontal stabilizer. the 
internal structures, etc, · and anti-corrosion treatment was taken for them. 

(4) Faults of rudder and elevator as well as horizontal stabilizer trim control 
system (2 cases) 

At the time of No.SC maintenance. rust was found on the rudder trim cable 
(rust was dealt with). and at the time of No. llC maintenance was found damage to 
the clump of the horizontal stabilizer driving motor and break seal drain tube 
(clump replaced). 

(5) Faults of APU and APU control system (7 cases) 
There were fuel leak from the APU low pressure filter housing (0 ring 

replaced). emission of smoke from APU starting terMinal (APU starter replaced). 
cracking ·in APU ~xhaust ·inner liner (inner liner repla.ced). high temper.ature·and 
low air pressure of APU exhaust gas (air flow sensor. load control valve and breed 
valve replaced). cracking in APU turbine case (repaired). damage to APU exhaust 
liner (liner replaced). and attrition of APU fire sensing elements at support 
clump (elements replaced or repaired), one case for each fault. 
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(6) Faults of pressurization· and air -conditioning system {6 cases) 
There were 2 cases or damage to air-conditioning ducts (repaired), 2 cases 

of strange sounding from air -conditioning ducts (inside of duct washed), and 2 
cases of damage to ACM (Air Cycle Machine) fan blade(ACM replaced). 

2.6 Discovery of Faults by Visual Inspections 
(1) As to the method and the level of the visual inspection. the fol lowing are 

set forth in Attachments to the Maintenance Regulations. and the inspection is 
carried out in accordance with them: 
Level of Outline example of 
vis. insP. 

Gl 
(Macroscopic 
inspection) 

G2 
(Microscopic 
inspect ion) 

G3 
(special 
inspection) 

An inspection method to detect defects and 
their symptoms by overall observation for a 
certain area. 

Defects or symptoms ·expected to be 
dJscovered at first by this inspection are 
macroscopic abnormality in structural materials; 
for example. waving, warp, wrinkle, crush, 
deformation, crack. separation. wrong combination, 
leakage of fuel, extensive corrosion, etc. 

An inspection method to detect local defects and 
their symptoms by detailed observation on a 
particular area. For this reason usually a visual 
distance is necessary. 

Defects or sy.mptoms expected to be discovered 
by this inspection are microscopic abnormality 
caused in structural materials or elements; for 
example. as crack, bent, groove. abrasion. loosened 
joint. corrosion, erroslon. solution, wear, 
rubbing, ~razing of window glass, partial lack, 
electric discharge, blot of fuel due to leak from 
fuel tank, etc. 

In this inspection. substances which screen the 
inspected portions prescribed in the procedure from 
observation must be removed. ttowever, component 
parts need not be removed unless otherwise 
specified in the maintenance procedure . 

The inspected portions must be In proper 
conditions for detection of microscopic defects. 
Therefore. prior to the inspection. cleaning must 
be conducted unless the inspection is made for 
corrosion, rust. or blot of liquid. 

Indicate use of a special inspection method in 
addition to visual inspection. Detailed inspection 
by dye penetrate, torque check, etc and special 
inspection methods such as X rays, magna-flux and 
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the overall 
exterior of 

airframe: 
fairing; 
doors of 
cargo 
compartment; 
honeycomb 
structure 

major 
structural 
blocks 
juncture 
between 
wings and 
fuselage 
juncture 
between main 
gear and 
fuselage 

cockpit 
window 
frame 
(X rays) 



Corrosion 
inspect ion 

ultrasonic detection are designated in this case. 
This inspection is used in case the portion or 

the defect is invisible by the visual inspection. or 
used as an equivalent method in case removal of a 
number of parts becomes necessary to do a visual 
inspection. 

An inspection with the main objective of discovering corrosion on 
or behind structural material by checking appearances caused on 
the the surface of the material by corrosion. In the inspection, 
special care is taken to irregularities such as surface corrosion, 
bulge at seams of structural materials due to corrosion, cracks . 
waving, dents on or lack of faterner' s head. 

The inspection is made adapted for the shape of the material 
inspected. location to be installed, and method to be used for 
installation. During this time. inspection for defect in general 
is also carried out in parallel. 

(2) Division 'of levels of the visual inspection has not been specified for 
aircraft prior to 767 aircraft by the Boeing Company. The following are inspection 
methods prescribed in MSG-3 and MRB report of the 767 aircraft listed for 
reference: 

Inspection method 
Walka round 

General Visual 
(GEN) 

Surveillance 
(SURV) 

De ta i I ~d 
(DET) 

Boeing standards 
Observations from the ground to detect obvious discrepancies 
such as fuel leaks 

Visual check of exposed areas of wing lower surface, lower 
fus·el.age, doors and door cutouts, and landing gear basys. 

Visual examination of defined internal or external structural 
areas ·from a distance considered necessary to carry out an 
adequate check. External Includes structure visible through 
quick-opening access panels or doors. Internal applies to 
obscured structure requiring removal of fillets. fairings, 
access panels or doors. etc .. for visibility (*8). 

Close intensive visual inspections of highly defined 
structural details or locations searching for evidence of 
structural irregularitY (*8). 

Special Inspections of specific locations or hidden details using 
specified nondestructive inspection (NOi) Procedures. 

(*8) Using adequate lighting and where necessary, inspection aids such as 
mirrors. etc .. surface cleaning and access procedures may be required 
to gain proximity. 
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(3) In JA~. inspection and maintenance work has b~en carri~d oµt, considering 
visual inspection levels Gl, G2 and G3 as virtually equivalent to inspection 
methods Genera l Visual. Surveillance and Detailed, and Special in the Boeing 
Company standards, respectively. 
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Attachment 3 

Communication Records with ATC facilities 
Station Frequecny 

121. 8 MHz 
121. 7 MHz 
118.1 MHz 
126.0 ltllz 
123.7ltHz' 

DELIVERY Clearance Delivery, Tokyo Aerodrome Control Tower 
Ground Control. Tokyo Aerodrome Control Tower 
Tokyo Aerodrome Control Tower 

GROUND 
TOWER 
DEPARTURE = Departure Control. Tokyo Terminal Control 

Tokyo Area Control Center ACC 
JL123 

Time 
1753:17 

1753:24 

1753:34 
1753:36 

1759 : 38 
1759 :42 

1759 : 56 

1800:10 

1800: 14 

1801:00 

1801:05 

1801 : 10 

1803:40 
1803:43 

1807 :30 

1807:36 
1807:43 

Japan Air Lines flight 123 

Station 
JL123 
DELIVERY 
JL123 

DELIVERY 
J~l23 

JL123 
DELIVERY 

Communication 
Ah, TOKYO CLEARANCE, JAPAN AIR 123. 
JAPAN AIR 123, CLEARANCE. 
JAPAN AIR 123. this is Spot 18, we have Yankee . 5 minutes 
to Osaka, propose 240 via departure URAGA 6 SAGARA 
TRANSITION, please. 
123 . advise when ready, 
Roger. 

CLEARANCE DELIVERY, JAPAN AIR 123, ready to start over . 
JAPAN AIR 123. start engine, cleared YAMATO, correction, 
SHINODA VOR via URAGA 6 DEPARTURE SAGARA TRANSITION 
SEAPERCH, flight planned route, maintain flight level 240, 
squawk 2072, DEPARTURE 126 . 0 

JL123 Roger, JAPAN AIR 123, cleared to SHINODA VOR via URAGA 6 
DEPARTURE SAGARA TRANSITION SEAPERCH, flight planned route, 
maintain 240 , squawk 2072, over . 

DELIVERY Read back is correct. Contact GROUND CONTROL 121. 7 for push 
back. good night. 

JL123 Good night. 

JL123 GROUND CONTROL, JAPAN AIR 123. spot 18, we have Yankee. 
request push back. 

GROUND JAPAN AIR 123, GROUND. roger, stand by, for about 2 minutes. 
another Boeing 747 behind of you. 

JLl 23 Roger. 

GROUND JAPAN AIR 123. Runway 15L, push back approved. 
JL123 Roger. JAPAN AIR 123. 15L. 

JL123 GROUND. JAPAN AIR 123 . request taxi. ah, request C7 take 
off. 

GROUND 
Jl.123 

JAPAN AIR 128, roger. R~nway 15L. taxi to C7 A4 A Runway. 
A4. A Runway to C7, JAPAN AIR 123 . 
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: 

'· 
1809:15 
1809:19 
1809:25 
1809:28 
1809:32 

1809:41 
1809:45 
1811:20 

1811:26 

1812:23 
1812: 24 

1812:30 

1812:35 

1812:42 

1815:55 
1815:57 

1816:22 

1816:35 

1816:46 

1816:55 

1817:15 
1817:17 

1818:33 

1818:38 

GROUND 
JLl23 
JLl23 
TOWER 
JLl 23 

TOWER 
JLl 23 
TOWER 

JL123 

TOWER 
JLl 23 

JAPAN AIR 123. contact TOWER 118.l 
Roger. 
TOWER. JAPAN AIR 123 with you, we are C7 . 
JAPAN AIR 123. roger. hold short of Runway 15L . 
Roger. hold short. 

JAPAN AIR 123. taxi into position and hold Runway 15L. 
Into position and hold 15L, JAPAN AIR 123. 
JAPAN AIR 123, fly runway heading, wind 220. 
take off. Runway 15L. 
Cleared for take off. 15L,fly runway heading, 

JAPAN AIR 123. contact TOKYO DEPARTURE. 
Roger. JAPAN AIR 123. 

16. cleard 

JAPAN AIR 

for 

123. 

JL123 TOKYO DEPARTURE. JAPAN AIR 123, maintaining runway heading 
passing 8, ah, 800. 

DEPARTURE 

JL123 

JAPAN AIR 123. DEPARTURE. radar contact. turn right. 
heading 180, vector to URAGA. climb and aaintain 13.000 . 
Turn right heading 180, ah, maintain 13,000 . 

DEPARTURE JAPAN AIR 123, turn right heading 200. 
JL123 Roger. 200, JAPAN AIR 123. 

DEPARTURE JAPAN AIR 123, 2 miles right of course, resume normal 
navigation. climb and maintain flight level 240. cancel 
altitude restriction. contact TOKYO CONTROL , frequency 
123.7. 

JL123 Roger, own navigation direct. ahhhhh. MIHARA and climb and 
maintain 240, contact 123 . 7. 

DEPARTURE Correct. 

JL123 TOKYO CONTRO~. JAPAN AlR 123, passing 9,400 for 240 and 
direct to MIHARA. If available, request direct to SEAPERCll , 
over. 

ACC 
JL123 

ACC 

JLl 23 

JAPAN AIR 123, TOKYO roger. stand by radar vector. 
Roger. 

JAPAN AIR 123, cleared direct SEAPERCll via present position 
direct. 
Present position direct SEAPERCH. ----123 . 
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Station 
JL HANEDA 

JL TOKYO 

JL 123 

Time 
1736:30 
1736:33 
1736:35 
1736:40 
1736:43 
1736:47 

1736:54 

1737:05 
1737:07 

1737:14 

1820:51 
1820:55 
1820:58 
1821:00 

Attachment 4 
Communication Records with Company 

Frequecny 
= Flight Operations Department of Tokyo Airport 131. 85 MHz 

Branch of JAL (Ground) 
= Flight Operations Department of Tokyo Airport 131. 90 MHz 

Branch of Japan Air lines (En-route) 
= Japan Air Lines Flight 123 

Station 
JL123 
JL HANEDA 
JL 123 
JL HANEDA 

JL 123 

JL HANEDA 

JL 123 
JL HANEDA 

JL 123 

JL 123 
JL TOKYO 
JL 123 
JL TOKYO 

Communication 
JAPAN AIR 123. 
JAPAN AIR 123. go ahead. 
le! 1 • • • SELCAL Pl ease. it's CJDE. 
123, loud and clear. SELCAL stand by, 
(the sound of SELCAL) 
Wei I · · . checked ok. l'el l • • . Do you have any 
information on the route of Flight 121.? 
Yes. well· •. Flight 121. well. · concerning information 
on the route. well··. let me see. Although we tried to 
ask him. but as no reply has been received, he has not 
established radio contact with us. 
Yes. much obliged. 
Yes. well. by the way, 123. you have dangerous goods on 
baord. They' re RRI and RRY, ask the Cargo Section of 
their location. 
Yes. yes. 

Ah. JAPAN AIR TOKYO. JAPAN AIR 123. 
123. JAPAN AIR TOKYO. go ahead. 
Off at 12. over. 
123, copied ok, good day . 
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Attachment 5 

DFDR Record 

So far as • Attachment 5 DFDR Record· is concerned. only the part 
attached herewith is translated. Other parts not translated are 
explanatory sentences, DFDR record (explanation written in both 
Japanese and English). and please refer to Original-Text. 
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Time 

1811:32 

1812:16 

-1824:34 

1824:35.7* 

Flight Conditions Recognized by DRDR Records· 

Observations on DFDR 
[ Numbers indicate DFDR pages. ] 

The aircraft commenced take-off roll. [ 2] 

The aircraft 1 i fted off. [ l ] 

There is no indication of abnormal flight until the aircraft 
reached an altitude of 23,900 ft. Reduction of EPR at 1824:34 is 
not specifically abnormal. [1. 2.3.4,5,6] 

LNGG showed 0.11G, and large impulsive force acted forward. 
Slight upward force began to act and VRTG increased gradually and 
s 1 ight ly. [magnified plot ] 

(Remarks)* A sound ·bang" is recorded on CVR at about 1824: 35. 

1824:36 

About 
1824:36.13 

1824:36.25 

1824:36.28 

1824:36. 7 

Change occurred on LATG, and thereafter about 2 Hz oscillation 
began to be recorded, but it did not become larger and decayed 
gradually by 1837:40 after 1837:20. [ magnified plot ] · 

HSTB showed abnormality exceeding normal limit, but no 
correspon~ing trim change in longitudinal motion was observed 
thereafter. [magnified plot ] 

Significant pull up of CCP was observed at 1824:35.25 through this 
time. [magnified plot ] 

VRTG showed abnormal jump of about -0 .24G, and a big shock 
occurred downward at 1836.16 through this time. [ magnified plot ] 

PED was fully applied to the right and continued for about 1.5 
seconds. but no corresponding movement of the aircraft was observed. 
Abnormality occ~rred on rudder control systems at 1824:36.2 through 
this time. [magnified plot ] 

About 1824:37 Corresponding to abnoraal external force, airspeed decreased a 
- about little. and AOA and f>CH increased, and large motion were 
1824:43 observed on CCP. LNGG and VRTG. [magnified plot] 

About 1824:38 PED was observed to return to original position. but no response 
shown by aircr~ft . [magnified plot ] 

1824:38.9 CMD of A/P went off. (Auto throttle was off from beginning to end.) 
[magnified plot ] 
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... 
·· .. 

1824: 45 
-1824:50 

1825:13 

-1826 

About 1826 

1826-1840 

1826-1831 

1829- 1831 

1834:36 

Considerable amonut of right CWP was observed. [alagnified plot ] 

PED was returned to its ne~tral position, but no aircraft response 
was observed. [2,1 ] 

CWP was applied to the r ight. Right roll in and right turn were 
observed. Then left CWP was applied. The aircraft rolled out from 
right roll. and stopped to turn. No remarkable phugoid had been 
observed until this time. [ 2,1 ] 

Remarkable phugoid and dutch roll motion began. The pilot tried 
to stop them by applying CCP and CIP . but in vain. Particularly, 
CIP application for dutch roll had been continued until immediately 
before the crash. [ 2,1 ] 

The aircraft maintained almost straight level flight as a whole. 
During this period. 11aximum aapl itudes are recorded for RLL ±about 
40° by dutch roll. an<l for CAS ±about25 knots and for altitude 
±about 1500 feet by phugoid. [ 4] 

There obs~rved large and rapid variation on each EPR. The~e 
variations of EPR are not inconsistent with these in londitudinal 
acceleration. [ 4] 

EPR No .1 was slightly higher than EPR No.4. There observed right 
turn and right ro l l. [4.1.2] 

Stepwise changes on PED and CCP were recorded, but no response 
fol lowed. [ 2.1 ] 

1835-About 1837 Phugoid mbtion slightly damped due to EPR operation. [2.l] 

1839:32 

1839:51 
-1845:21 

1840-1848 

About 1840 
- about 1842 

1842:26 

Main landing gears we re extended. 

BPR No . ! is higher than EPR No.4. and EPR No .2 than EPR No.3 
respectively . The aircraft turned right about 420° from heading 
about 040° . becoming heading about 100° . During this period. 
averaged RLL was maximum 40° to the right. The maximum amplitude of 
RLL by dutch roll is ±25° . [4,1.2] 

The aircraft descvnded from about 22.000 ft to about 6,600 ft. [ l ] 

EPR which was higher than th~t of take-off climb was recorded. The 
aircraft began to descend slightly, and pbugoid motion damped 
rapidly. [4d ] 

EPR was reduced to large extent, and rate of descent increased. 
[ 4 .1 ] 
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About 1845 

1845-1848 

1845:21-
about 1849 

EPR was further reduced to about 0.9. and average rate of descent 
beca1e about 2,500 feet / min. [ 4,5] 

Phugoid motion had been completely disappeared. [ 1] 

The aircraft made a slow left turn from heading about 100° to about 
300° . The maximum RLL during this turn was about 25° to the left , 
and maxiaum amplitude for RLL by dutch roll was about ±12° . (1,2] 

About 1847:46(*) Extremely large CIP and PED were applied to make right turn, 
but in vain. [ 2, l ] 

(Remarks) * According to CVR, recognizing ·mountains an instruct ion to turn 
right is recorded. 

1848 

About 1849 

1849:36 
-about 1853 

1849 : 42 

1851: 06-
~ 

1855:26 

1852 : 52 

1854 :01-
1854 : 21 

1854 :31-

About 
1854:32 

The aircraft stopped descending in average with EPR increasing 
rapidly to about 1.6, but large phugoid motion was excited again. 
[4,1] 

The 1ini1um ALT during this motion was about 5,300 ft. [ 1] 

Phugoid motion .was damped by EPR control, but the aircraft 
began to climb again due to high power level. [ 4,1 ] 

Minimum CAS became 108 kts, and AOA became 30.9° . [1,3] 

Flaps began to be extended. It took 3 1in. and 10 sec. for flaps to 
be extended to 5 units. Flaps reached 20 units in 1 min.and 2 sec 
thereafter. Leading edge flaps except left/right outer groups(No.1-
Mo.5 and Mo.22 - Ho.26) began to be extended at 1851:06, and the 
extension completed at 1852:39. [ 3] 

EPR was reduced and average rate of descent became more than 3,000 
ft/min. [ 4,5] 

EPR No.3 and EPR No.4 were higher than EPR Mo.2 and EPR Mo . l and 
left roll and left turn resulted. [ 4.2] 

At about the time when· flap angle became 5 units, phugoid motion was 
excited and EPR control was carried out . [ 3,1] 

Left and right EPR became nearly the same, and left RLL 
recovered almost to 0 deg, but phugoid was excited. Flap angle, 
at about this time. was aboot 6.6 .un its . [ 4.2,3,l ] 

About 1854:50 Flap angle became 10 units. Right RLL increased and right turn 
began . [ 3.2,1 ] 
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About 18.55 

1855: 12-
1855: 40 

1855 :42 

1855:57 

1856:07 

1856:11 

1856:17 

1856: 18-
1856:23. 5 

CAS decreased and power was added. But. EPR of left side engines 
was slightly higher than that of right side. and right turn 
increased with increasing right roll. [2.1.4] 

Right turn increased as dutch roll continued around about 40° of 
averag~d right roll. Phugoid. motion did not stop. [2.1] 

Flap angle became about 25 units and flaps began to be retracted 
i&111edi'atelr. But the right RLL further increased to 50° - 60° . 
[3.2] 

PCH became about 15° nose down, and power was added abruptly, EPR 1 
and 2 on the left were higher than EPR 3 and 4 on the right in 
spite of rapid right turn . ALT at this time was about 10,000 feet. 
[2. 4.1] 

The aircraft began to descend rapidly and VRTG began to increase 
due to rapid increase of airspeed and rapid right turn. PCH was 
about 36° nose down and RLL was about 70° to the right. [1.2] 

The rate of descent became more than 18.000 feet/min. at about this 
ti11e. [1,2] 

At ALT of about 5,000 feet. CAS exceeded 340 knots. Right RLL 
recovered to about 40° • and the pitch attitude was recovering 
toward nose up . [1.2] 

Power was added up to the maximum, the descent ceased, but 
VRTG 1aintained about 3G's. [4,1] 

About 1856 :2 Abnormal changes are recorded in various DFOR data. [1,2 . 3,4.5,] 
-1856:27.92 
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VI 

.. ~ ... .... 

Note! 

1. The ti1e1 indicated i1 thi1 record are obtained b, collatias the ti1e sisnal (Japan Standard Ti1e) recorded in the ATC 

tape 1ith the runnins 1peed of the CYR tape. 

2. (CAP) indicates the capta in, (COP) the copilot, (f/E) the flisht ensineer, (PUR) purser, (STM) the stewardesses 

incl1dins the 11sista1t purser, aid (PRA) pre -recorded 1nnounce1ent1. 

3. (ACC) indicates Tok10 Are~ Control Center, (APC) Tok10 Approach Control, ~YOK) Yokota Approach Control, and (COH) the 

Japa1 Air Lines co1paa1 radio. 

4. • • •indicate• that the recordins is indecipherable, and __ that the recordins is unclear. 

5 . ~ indicate• . utterance is recorded siaultaneousl1. 

8. The follow ins 11mbol1 are used i1 the text. 

'tc 11-CBIHE 

SELCAL 

• • 
CPMS 

~ So1nd I ilre 

I •baas• 

·~ ALTITUDE ALERT 

* 

SELECTIVE CALLIHC SYSTEM 

FIRE MARHIHC 

STALL MARNIHC 

CROUHD PROXIMITY MARHIHC SYSTEM 

# 

CABIN ALTITUDE MARNIHC 

or TAKE Off MARHJHC 

SELCAL 

0 

* • 

Co11uicatio1 

heheen other 

aircraft ud ACC 

Co11unicatio1 

belweea other 

aircraft and COH 

·, 

('") 

;; 
:xi 
II> 
0 
0 
'1 
p. 

> 
" " lb 
0 

§ 
II> 
::s 
" 
"' 



ia• 

L-

24~ 
126' 
13 
14 
15 
18 
17 
18 

L- 19 
20 
u 
22 
23 
24 
25 
28 
27 
28 

L- 29 
30 
31 
32 
33 
34 
35 
38 
37 
38 

L- 39 
40 
41 
4Z 
43 
44 
45 
48 
47 
48 

~ 49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Alar11, etc. 

r. 

1824!12 1824!59 

CYI Area llcropbo•e 

(recordi1r start) 

'(COP) Be careful. 
(F/E) Ok, h careM· please. 
(COP) Quick. 
(F/E) Be careru1 :pleare. 

< n ... 
(CAP) Soletbhc e1ploded? 

(CAP)Squnk 77 
(COP )Gear door(CAP) Check aear. uar. 
(f/E) 1bat (CAP) Check aear. cear. 

Co·pllot Seat(rl1bt) .. Captah Captala Seat (left) .. Co· pilot 

So1eoae waat to do. lar 1 
perdt It! 

(STll) l 
(COP) Be careful. s••e 11 left 
(f /E) Ok, •• carerul plea1e. 
(COP) Quick. 

..,(STll) Ye1. tha•k rou. Ji••ltaaeo•slr 
(f /E) Be careful please. recorded 

• I~ 

(co••· bet••e• ot~er 
aircraft and ACC) (uee u left)" 

(PUR) • • • 

1111bt Eaclneer Seat 

-

Ille .. left 

' 
-

(UH 19 lert) 

(CAP) ~•lh[1 
~ P•t the oxrre• 1a1k please .... 

(COP) qun 11 . 
(f/E) 111 uctae • • • 

(COP) ~~ at tbl1. 

(F/E) Eh 

(f/E) All ea1i1e • • • I 

(COP) S .. 11 ee c~eck bdro prHnre 7r 
(CAP) So1et~i1r exploded. I . coal11ue 

r 

P•t the oxrrc• eaak pleaae. 
Fastea seat belt please. 
Hal belt 
• • • pl case. 

coil iue 
r 
co.tine 

-

-

-

-

-



.. --... / . 

1825:00 1825:59 

u• Alans, etc. CYR Area II cr0Pb1111e Co-pilot Seat(rlght)• Captal• C1ptaia Seat{leh) • Co-pilot Fl l&hl E°Aeheer Seat 
l.:1'1' 

OOfj-
01 
oz 
03 
04 • (f/E) Gear five off . (eo••. •et•een ot•er (eHe u leh) (nee u left) 
05 ai rcraft aad ACC) 
06 (PUR) Be sure to f 1ste1 rour 
07 hit. pleue. 
08 

>--
09 -10 
11 
1Z 
IS ~ ~ 

14 (F/E) Yes. roser . 
15 (PRA) Fastea roar 
18 (CAP) Right tur1 aeatliell. 
17 (CAP) ll&hl tur1 Pat od 
18 four ciraretta1. 

'-- 19 (COP) Pressure 7 (F/E) Dropped . Tlaie ia -zo - u e•errucr -Zl (CAP)Ali, TOKYO, (CAP)Ah, TOKYO, desceat. 
zz JAPAN AIR JAPAN AIR 
Z3 1Z3 123 
24 requet froa reqaest Croa 
ZS iHecliate iHediate 
ts e·· ... 
Z7 trHille tr01ille 
ZS reqaeet request 

:..... 29 re lira rehn -30 liaek to !lack to 
31 IANEDA RANEDA 
az ducead ducead 
33 ud Hi atai a and Hiataia 
34 ZZO onr. ZZO over. 
35 (PRA) • • • 
36 
37 (ACC)Rouro l&H U lef t 8&H .. left 
38 approud u 

'-- 39 
40 (CAP)Radar Yeetor '°' requat (CAP)Radar •eetor -
41 lo OSllKA, pleaee. to OSllKA, pleaee, 
4Z (ACC)Rorer, 101 ••• I 
43 ri1ht or left lira 7 

" (PRA) • • • 
45 (CAP)Coiar to (CAP)Coia1 to 
48 ri1•t tara, o•er. ri1ht tara, o•er. 
47 . (PRA) • •• 
48 . 

>-- 49 (ACC)Ri1•t , ri1•t •eadia1 -50 090 Radar Vector 
51 to OSllKA. 
sz (CAP)090. (CAP)090. -53 (CAP) • It It la ( RA)Fasteo roar 
54 . (COP) Doa t aa 10 11c • 1eatilel t. 
55 (CAP) ~!!~t ltaik ao awcla. Put o.t 
58 ro•r cirarettea. 
57 (COP) ha. Ui1 ia 
58 •• eaer1ucr 
59 

co.tine (CAP) llht'1 i1 tlaat ? deaeu t. 



1826:00 1826:59 

u· UarH,- etc. CU Area llcrop11vH Co-pilot Seat (rl1bt) .. Captah Captah ~eat(lert)- Co-pilot Plllkt E11l1aer Seat 

Zlijt 
OOf:jo 
01 

(F/E) bdrul ic pru .. rc ha 
dropped, hrdro. Thia ia 

oz •• t•UIHC1 
03 (CAP) Doi' t buk 10 ncli. • '. descut. .. 
04 ~ It'• HHal . 
05 (COP) Yes. 
08 
07 
08 

...... 09 -10 
11 (CAP) hn it hck. 
lZ 
13 

(COP) It doe11't 10 beck, 

14 
(coaa, betwee1 otlier 15 (CAP) P.11 •P (,. •• u left) Ca11e u left) 

11 aircrart 11d ACC) 
17 (PRA) • • • 
18 
19 : 

>- -zo 
Zl 
u 
ZS 
u 
ZS 
28 
Z7 (CAP) bdro a II oil ? (PRA) • • • 
ZS (f /E) Yes. " ...... Z9 (ACC)U, lZ3 -30 1e11ti••• 1e11liYe ... e aa left .... u ldt 31 (CAP) Deacut. 1e11liYe oall r••· 
3Z (COP) fu. .. .. 
93 (F /E) lie' d ltet ter 
34 deacud. 
95 (COP) descend, c ...... ldt) 3S (co11. het1ce1 otlier ( .... aa left) 
97 aircraft aad ACC) 
38 

..... 39 -40 ~ '" .. - ~ 
41 (CAP) llht '• this• • (PUR) n. P•t the 
4Z .. ,. ....... 
43 aec•relr o•. 
44 P•t the hand aro11d 
45 (CAP) OK. 101r liead, please. 
48 (CAP) Rirlit t1r1. Pat tlie haad aro11d 
47 (COP) Rir•t hra. Jo•r •ead, ,lease. 
48 

..... 49 
50 -
51 
5Z 
53 
54 (PUR) Eli, creauabera, 
55 11leau help 
58 Ht with ox11u 
57 bottles, Prepare 
58 oxnu holtlea. 
59 

coati11e 



1s25:00 1826:59 

1 a• AlarH, etc. CTR Area llcroP1ovne Co· pllol Seal(rl&bt)~ Capt 1l1 Captah :.eal(leCl)- Co·pllot Flight Eaclaeer Seal 

lti'1 
OOfjl (f/E) l1drnl ic pressare has 
01 dropped, h1dro. This is 
oz an e•erreac1 
03 (CAP) Doa' t bani ao •uch. ,, 

desceal. 
, 

04 ~ It ' a .. aul. 
05 (COP) Yes. 
06 
07 
08 

-- 09 -10 
11 (CAP) hra it llack. 
1Z (COP) It doeu' t ro Ila ck. 
13 
14 

(co••· llet•eea ot•er 15 (CAP) P1 I I , , (aaH IS left) (au c as left) 
JS aircraft aad ACC) 

17 ( PRA) • • • 
18 - 19 -20 
21 
zz 
23 
24 
ZS 
26 
Z7 (CAP) bdro al I o.t 1 (PRA) • • • 
28 (f/E) Yes. . ' -- Z9 (ACC)Ah, 123 -30 aerati••• •eratiwe HH U left SIH IS left 
31 (CAP) Deacut. aera tive call Jo• . 
3Z (COP) Yes . , 
33 (F/E) lfe'd better 
34 deaeend. 
35 
38 

(COP) descend. 
(co•• · between other (aau aa left) (auc as left) 

37 ai rcraft and ACC) 
38 

- 39 -40 ~ ' 41 (CAP) lfltat ' a t• i a • • (PUR) Eh, P•I the 
42 o•nen aasks 
43 securelJ oa. 
44 Pwt t•e llaad arouad 
45 (CAP) OK. Jo•r •ead, please. 
48 (CAP) Rirht tarn. Put the band a round 
47 (COP) Rirht t•ra. 1o•r head, please. 
48 - 49 -50 
51 
52 
53 
54 (PUR) Eh, creHnbers, 
55 please help 
58 Hl with OXJIU 

57 llottles. Prepare 
58 oxno bollle·a. 
59 

coatine 



1827:00 1827:59 

u· Alar11, etc. CYI Area Microphone Co·pilot Se1t(rl1bt)= Captain CaptalA Seat{left) - Co· pilot . Fli&ht Enclneer Seat 

ll~ 

OOfj> 
01 -02 (ACC)JAPAN AIR 123 -
03 coaC i r• roa are 
94 declare e•er1e1cr 
05 thl'a ri1ht7 
06 (PRO • • • 
07 (CAP)That'a affireali•e. aa•e u left nae as left 
08 

,_ 09 (ACC)123 rour. 
10 (PllA) • • • -
11 (ACC)Aad reqaeat 
12 roar aahrc 
13 of H~rteacr. - -14 
15 I* 18 
17 (PRA) Alleat ioo, 
18 E•er1uc1 

- 19 descut. -20 Put tbe Hair 
21 over t .. face. 
22 Futu roar 
23 aeatbel t. 
u Pat out 
25 rour ci1arettea. 
26 T&ia ia 
27 u e•eruacr 
28 desceat. 

- 29 -30 Allent io1, 
31 (CAP) bdro l_ Eeer1encr 
32 (F/E) Yu. deacut. 
33 Pal the Hslr 
34 onr the race. 
35 Futea roar 
38 autbell. 
37 P.t 01t 
38 ro1r ci1aretlea. 

._ 39 . ni. ia -40 u eeer1ucr 
41 desceat, 
42 

Attut io1. 43 
44 Eaeruoc1 

45 desceat. 
48 Pit the eulr 

47 (f/E) bdro presHre al I lou. onr th lace. 

48 Futea roar 

49 (COP) Al I Ion 7 natbelt. ._ ht Hl -
50 (CAP) No, lock. 
51 (F/E) Al I loss. roar ci1areltea. 

52 (COP} Al I loss 7 (f /E) Yea, Thia is 
53 u e•er1uc1 
54 (COP) The coep111, eh • • • desceat. 
55 ulr eh, 
58 Pluae. Attentio1. 
57 Haire a request Eeer1enc1 
58 lo the COep&nJ desceat. 
59 

coatine 
plun. Pit llie eulr 



1828:00 1828:59 

u· Atar11 . etc. CYR Area Microphone Co·pilo t Seat(richt)c: C1Ptai1 Capu h Seat(leCt)= Co-Pilot · Flight En&iaeer Seat 

llltr 
0011' ( CAP) lhr are rou u k111 a Cun? OUT lbe f oce. 
01 Fulco r our 
02 seatbelt. 
03 '. Put out 
04 rour ci sorelles . 
05 Thi a ia 
06 
07 

(co••· be t • een oilier 08 (u.e aa iert ) ( ...... lef t) 
09 a ircra(l aad ACC) 

- 10 -
11 
12 
13 
14 (f/ E) Let° 1 desead. ~ ' 15 (PUR) Hor I ha•e 1our 
18 olle11lioa please , 
17 P•uen1en •i tli 
18 clli ldr ea, 
19 pleue - zo l hoat of 10• • il l ia1 -
21 • il .. c hi ldrea, 
22 prepare oxnea 
ZS ... ks 
24 for the childrea. 
25 (PRA)P• l the ea~k 
26 our the face. 
27 Fulu Jon 
28 eealbelt. 

- 29 Tlli• i1 -30 - u e1e r1ucr -31 (ACC)JAPAN AIR 124, 
3Z f l1 liudia1 090 
33 rad or nc tor lo 
34 OSHIMA. 
35 (CAP)ht IO• (CAP)But 10• ...... l eft llU &I lef t 
36 ueoat rol . aneo1l r ol . 
37 
38 

- 39 (ACC)U1eo1tro l , -40 roser •aderatood. - -41 
4Z . 
43 
44 
45 
46 
47 

{COP) ll&llt tura. 48 

- 49 deacud. -
50 
51 
52 
53 

l l l 
54 
55 
58 

{co11, bel• eea other 57 (au e u left ) (uu u left) 
58 a ircraft and ACC) 

59 co.line cont int coal int conti11uc 



1829:00 1 829:59 

IS" Alu11; elc . . CYI Area l ic rophone Co-pilot Seat(ri&llt) • Capuh Caputa Seat(left) • Co- pilot fllcht Eaclneer Seal 

Z!ljt. I 

OOtj. (CAP) Pol ro•.r har.l_ ialo il. (COP)Yn.~ siHllaneouslr 
01 (f/E)!..'.!..l...E!eck if t~er hwe; recorded 
oz 
03 
04 
05 (CAP) ll'll slall reallr. (oo••· betweea olher 06 (COP) Yu, I do it careful Ir aircraft s nd ACC) (sue as left) (aue as lell) 
07 (CAP) Yoa don l ear res. • 
08 (COP) Tu. 

- 09 (CAP) Deacud. 
10 -
11 
u 
13 ' ' 14 
15 (ACC)JAPAN All! 

J J 
16 I* 123 
17 i( POHible U H H le( t sue as left 
18 sqanli 

._ 19 207? DOnal, 
zo -
Z1 (CAP) Yo• pwt it i • · 
zz (COP) Tes. 
Z3 
?4 
ZS 
28 
27 
28 

- 29 
30 -
31 ' ' 
32 
33 
34 
35 
36 (co••· bel•tea other (Hu u left ) (ane as left) 
37 ft< aircraft and ACC) 
38 
39 - 40 -
41 ' • 
(2 

43 
44 
45 
46 
47 
48 

- 49 
50 - ., 
51 
52 I* 53 
54 
55 
58 
57 
58 
59 comliaH (CAP) llht is thia 7 



1830:00 1830:59 

18" Alans. etc. CU Area M lcroph~ . • Co · pl lot Seal (rlabt) ~ Capt ala Capllll Se.1(lefl) • Co-pilot Fll&hl Encineer Seat 

301' 
OOt.; (CAP) · • • 
01 
02 ~ 
03 
04 
05 
06 
07 
08 '" ' 09 -I-

10 
11 
u 

(eo••· betwee• other ( 11we u left) 13 
a ircraft aad COK) 14 

15 
16 
17 
111 

' ~ 19 ~ '~ -- to 
21 
22 
23 
24 
ZS 
u 
n 
28 (f / E) lo• abo•l tbe ox11en 
29 .. prunre 7 -I-

30 Int tbe 01110 
31 Hsh dropped 1 
32 
33 
34 . . 
35 Ob, I uc. 
36 Mell, 
37 01nu preanrc 
38 Ah p•t that 
39 PO, botilt -I- .co ~ firmlr pJeue • 
41 
42 

(co••· be t• e•• other (aHe as left) (SHI U lef t ) 43 
0 aircraf t a•d ACC) 
45 
48 
47 
48 

-49 I-
50 ttt 
51 (CAP)• • • 
52 
53 ~ ~ .. 
54 
55 (F/E) As tbe oxr1ea ••aka 
56 .. Ye dropped 
57 ., 
58 
59 OOR t iue '· 



1831:00 1831 : 59 

18· Ahr.s, etc. CYR Area Micro~ J Co-pilot Seat(rl&hl) • Captain Captah , • (left) = Co-pi lot flllhl Engineer Seat 

3Ut 
OOty 
01 
oz (ACC)JAPAH AIR - -
03 1Z3 
04 ab, ca• ro• 
05 descend 1 
06 
07 ~ (CAP)Ab, ro1er (CAP)Ah, ro1er 
es (f /E) T~e oxr1en aasks aow descudi ••· 

,__ 09 hn dropped. (ACC)All rithl -10 (COP) Tu. ••r altit•de 10•. 
11 (CAP) UO, (CAP)UO. 
ll 
13 
14 . (ACC)Ri1ht, 
15 rour poai l ioo 
16 7Z 1ilu. 

Hae H left 17 lo MACOYA, ...... left 
18 ,.11. cu 

,_ 19 rov h ad to HA COTA 1 -zo 
21 (CAP)A~, (CAP)A~. 
zz ~ .. ,.t in ne1&li n 
%3 . . . . . . 
Z4 requat back requs t back 
ZS to IANEDA. lo IAHEDA. 
ZS (ACC)Al l ri1ht, 
Z7 ah 
ZS You u r speak 

- Z9 11 Japaoese rro1 -30 ~o• on. 
31 (CAP) Yu• ,u. (CAP) Yes. Yes . - -3Z 
33 
34 
35 
36 ff( (COP) To there 7 ' . ' 
37 (CAP) Oh- , Ob Oh 
38 

>- 39 -40 
41 (F/E)Yes. lbal ls It? 
4t 
43 
44 
45 

(CAP) Cu rou laold 1 (co••· between other (sue 11 left) (sue as left) 46 
47 (F/E) h 1 t lo the rear? ai rcraft and ACC) 
48 
49 -.__ 
50 (F/E) Eh, 
5"I lfhat hu 
5Z beu broken 7 
53 
54 
55 
58 (f /E) ll•ere 1 
57 
58 
59 

conl iaue 
(CAP) Ah, ala, ala 

continue coatinue conliaue 



. ...... 

1832:00 1832:59 

u• U au s, et c. CYR Area l lcropboae Co· pllol Seat(rl&ht)= Captain Captah Seat(lell) • Co-pilot Flight En1ineer Seat 

:mt 
OOH> 
01 (F/E) So, i t'a t•c b11111c 
oz coapartacat. 
03 
04 n c frw that 
05 lo t•• rear. 
06 
07 
08 

Tea, I u1derst11d, 

- 09 
10 -
11 (F/El l iste1, (co••· bel•ee1 ot•er lZ t•e b111•1c ia t•e ai rcraf t and ACC) (aaee n left ) (uu u ld t ) 
13 ba11•1• coapartaeat , 
14 the nrr 
15 ruraoa t part. 
18 
17 T•e 1to••1c space 
18 ~ for lllua1e 

- 19 Ji u colhpaed, zo I t• i•k •c' d 
-

Zl bet ter deacc11d. 
n 
Z3 
Z4 . ~ 

ZS 
ZB 
Z7 
ZS 

L- Z9 -30 
31 •• 
32 (F/E) All p111ea1er1 
33 •re 11 i111 aaaka. 
34 
35 
36 
37 (co••· bet•e•• other (uu aa ldt ) 
38 aircraft ai d CO") 

..._ 39 
40 -
41 
4Z 
43 '~ 
44 
45 
46 
47 
48 

- 49 
so -
51 
sz . 
53 
54 
55 
56 
57 . 
58 
59 

co11 t iave 



1833:00 1833:59 

u· AhrH ,. 1tc. CYR Area MlcrophoAe Co·pllol Seat(rl&bt)- Captala Captain Seat (left) • Co·pl lot · Fll&hl £n1l1eer Seat 

JJjt 
(COP) Shall •e descead, OOfj-

01 a little? 
oz 
03 
04 
05 
06 
07 
08 . 

'- 09 -10 
11. 
u 
13 ttt 
14 
IS 
18 
17 (F/E) Mill ro• eoafir• 
18 ffl.eo7 ---

,_ 19 -20 
21 
22 ,i, ' Z3 (F/£) Th RS 
24 t'.!!. 7 
Z!i 

(eo••· Let•een ot•cr 28 Jes, I ••deralaad, hue u left) (eue aa left) 
27 aircraft and ACC) 
28 

Yes, I •1der1taad. 
'-

29 -30 (COK)SELCAL (COK)SELCAL 
31 Yes, I Hdnatud. ~ 

(co••· bet•ee• ot•er 32 (uu u left) 
3) aircrah and COM) 
u 
35 (F/E) Captaia. 
38 (CAP) Yes. 
37 (F/E) The 115 .~ ....!. 
38 ~ ....... Ye (COK)JAPAN AIR 123 

...... 39 stopped, JAPAN AIR UH U left -40 .. . TOKYO 
41 I tlti•k we'd lo• do ro• read. -n t.etter Hke 11 
43 

(CAP) ;::~1ucr dumt. 44 
45 
46 (F/E) Shall •e uae i. 

47 Hsh too 7 
4~ (CAP) Yes. 

.__ 49 (COP) h • d better. 
(COK)SELCAL -50 (COK)SELCAL 

51 (ill)o • • 
sz 

(co••· bet•cc• otber 53 (uu as lelt) (sue as left) 
54 (f/E) If ponil.le, aircraft aad ACC) 
55 I t•i•k it'd 
56 l.etter to ue 
57 OXflO aash, 
58 ( CAP) ha. 
59 

co•liuc contiuc co1li1ue continue 



,-··,, 

1834:00 1834:59 

11· Alar11, etc . . CTI Area l lcropbo•e Co·Pllot Sut(rlsht)• Captal11 Capula Seat(lefl)• Co-pilot Fllsbt E11l11eer Seat 

30t 
001' 
01 
oz 
03 
04 . 
05 
oe 
07 • (COH)SELCAL (COH)SELCAL 
08 

'- 09 ~ -10 (COM)JAPAN AIR IZ3 

J 11 (COP) Piute co•H•icale throur• JAPAN AIR enc 11 left 
IZ co•p111 radio. Please co.••••icate TOKYO 
13 thro•r• co•,••1 radio. lo• do 10• read, 
14 

(F/E) y.,., I udentud. 15 
II • 17 
II (f/E) Eh 

- 19 •here 7 -zo 
ZI (CAP) Stick •it• it. 
u 
23 (COH)JA~AN AIR IZ3 

J Z4 JAPAN AIR llH II left 
ZS TOKYO 
Z6 lo• do 10• read, 
Z7 
as 

'- Z9 -30 
31 
3Z 
33 
34 
35 
38 '" 37 
38 • (COH)SELCAL (COH)SELCAL 

1-- 39 -40 
41 
4Z (f /E) E• 
43 tthre 10• 1 
u co•P•lf 
45 
48 
47 
48 

._ 49 -50 
51 (COP) Yea. 
5Z Me are (COH)JAPAN AIR 1Z3 
53 11ki11 a de1ce1l. JAPAN AIR 
54 TOKYO 
55 (f/E) Japll Air lo• do 10• read. 
58 •here 1 
57 
58 
59 coatine (CAP) Fro. 1lierc 7 

. ,• 



...... , ~· ··, , 

1835:00 - 1835:59 

11' Alar11, e tc . . CTI Area ll cropho1e Co· pl l ot Seat (rl&bt) • Captain Captai n Seat (leCt )• Co-pilot Fllcht Engineer Seat 

;j)~ 

OOty (COP) Ouh. 
01 (CAP) Call Japa1 Ai r. 
oz (F/E) J&P;1 Air 
03 Ouk& 7 
04 (COP) Japen Air Tolrro 
05 Japu Air Toho 
06 I (CAP) Japu Air 
07 where? 

I Uf 11 left I U e &I left 
08 {f/E) Japu Ai r Toh o. (f /E)J1p11 ~ir Tokro 
09 --- 10 (sn e n ldl) -

(co••· helwee1 ot•e r (u.e u left) 
11 eircra(t and ACC) 
1Z (F/E) Japu Air CF/E) Japu Air 
13 Toho Toho 
14 ••• e• 
l S Japu Air Japan Ai r 
16 
17 Ah Ah, 
18 

. 19 lZ3 onr. 123 over . -- zo (CO") J apan Air 
21 123 
zz Japan Air 
23 Toho, 
Z4 Toho ACC ..... 
ZS aoni tored 
Z6 r oar u er1uc1 
Z7 cal I at ' 
28 26 aiau tea 

- 29 30 •ilea west -30 of Osbiaa, 
31 la t hat 
32 , 

' rirht 7 
33 (STll ) • • • aeeaa to be, air. 
34 (f/E) H, I iatn (F/E) E•, I iatea 
35 rirh ao• · rirht ao• 
36 ••• . ah, 
37 RS RS 
38 door, ah door, ah - 39 baa hrolrea. · baa llrolrea. -
40 n. n, 

aaae as lell 41 10 10 
u 
43 Eh, Eh, 
H rirht 10• rirht no• 
4S •t 're ·~ ·re 
46 deacudi11. deacendin1. 
47 Eh, Eh, 
48 - 49 -so -
Sl ltl sz (CAP)• • • 
53 (CO") Ro1er. 
54 Is it the 
55 capta ia's i1te1lio1 
56 to r e tur. to 
S7 Tokro 1 
58 (F/E) Ju, llhat is i l 7 (f/E)fes; , • hat is it? -
S9 co1tine 



--. 

l836:oo 1836:59 

la• Alnas, . etc. CYI Area llcrophoae Co-pilot Snt(rlaht)= Capuia Captai• Seat(leCl)• Co·pllot Fll&ht En&lneer Seat 

361J' -OOtjo (COH) 
01 Cu po• rehrn to Baneda 7 
02 
03 
04 (F/E) E•, (F/E) H, 
05 •a it a •Heat, ••it a • o•ent, 
06 •e're aow ••k i11 

l 
•e·re •o• ••kiat 

07 · u emer1uc1 deaeent, •n e•er1e"e' descent, 08 eh, 
(co••· belwee• other eh, 

I-
09 Ne' I I coahcl 

&ircr&f l aid ACC) Ne'll contact -10 JOI 1ui1 ia a ro• auia ia a 
11 little ••ile. (aHe aa left) little • hile. (aHe U left) 
1Z 
13 Auia, ! A11i•1 
14 . llc' 11 contact JOI He'll contact JOU 
15 •rai1, ao, •1ai1, ao, 
IS eh, eb, 
17 
18 Keo •01i loria1 Keep moai loria1 

...... 19 u please. ua please. -20 (CAP) • • • (COK) Rorer. -Zl 
zz 
23 
u 
ZS 
ZS 
Z7 
ZS 

I- 29 
30 -
31 
3Z 
33 
34 
35 
36 

(STN) P1s1en1ers •1i11 37 {COP) Nell, 
·h 38 ... i ox11en no• 

39 . .. -I-

40 (COP) I don't aaderaland •ell . ... 
41 ue the 
n (COP) lle ' re aom ox11e•1 pleut. 
43 duceadia1. at that ti•e1 
u ... 
45 please, 
48 

(11.e as l!rt) H (co••· bel•eea ot•er 
48 aircr af t and COK) 

'- 49 
so -
51 
sz . 
53 ' '~ 
54 . 
55 
56 
57 
58 
59 

c01linu 
(f/E) H, 



1837:00 1837:59 

u· AhrH , etc . CYR Area Microphone Co·pllot Seat(rlsht)- Captain Captain Seat ( left) • Co· pllol . Fllcht Engineer Seat 

'Jf'1 
OOt; ' •• 
01 
02 
03 
04 (CAP) Deacud. 
05 ( 7) • • • 
06 
07 (CAP) Never •ind that. 
08 
09 - 10 -
11 (CAP) Ah, a•,••• 
It 
13 
14 
15 
18 
17 
18 

- 19 -20 
21 
22 
23 
24 

(co••· bet•ee• other 25 (sne as left) 
26 aireraf t aid ACC) 
1.7 
28 

- 29 
30 -
31 (CAP) Lo•er the Dose, 
32 
33 
34 
35 
36 
37 
38 (CAP) Lo•er the nose. 

._ 39 (COP) Yea. -40 
41 
42 
43 
44 
45 
46 
47 
48 

,__ 49 -50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

eo1tine 



1838:00 1838:59 

u• &hru , etc. CYI Area •lcrophoae Co·pllot Seal(rlaht)• Captai• Captal• Seat(lert)~ Co·Pllot · Flight E11iaeer Seal 

;JU7T 

OOf; 
01 
oz 
03 
04 (CAP ) Lower the 101e. 
05 (COP) Yea. 
06 
07 
08 

._ 09 
10 -
11 
1Z 
13 
14 
15 
HI 
17 (CAP) Lower th IOH. 
11 (COP) fu. 

._ 19 
zo ~ 

Z1 
zz 
Z3 
Z4 
25 
26 
Z7 
Z8 

....... 29 (CAP):U-1e \ otll ha•d. -30 hotb had. (COP) Yes. 
31 

I I 3Z (F/El 101 ihout u sr do•a 7. (cowo. hetwcca other 33 Cear d101. ai rcrart a·11d ACC) (aaoe d left) 
34 (COP) Shal I we sear don 7 
35 
38 
37 
38 

- 39 
40 -
41 
42 
43 
44 
45 (CAP) Doeaa' t work. 
48 Cear does' t 10 do• •· : 

47 
(cowo, hetweea other 48 (au e aa left) 

49 aircrart and ACC) -- 50 
51 
52 
53 ' '~ 
54 (CAP) Lowe r tb• 1011. 
55 (COP) Jes. 
56 
57 
58 
59 

coatiHe 



.~--

1839:00 1839:59 

11· llar.s , etc. CYR Area Microphone Co· pllol Seat(rl1ht) • Captaift Capt ain Seat(leCt) • Co·pllot · Pll&hl En1lneer Seat 

a9jt 
OOJ; 
01 
02 
03 
04 
05 
06 
07 
08 
09 - 10 -
11 • ' . 
12 
13 (F/E)Shatl .1 lower It 110111 
u h alterute? (co••. bet• eea otber 15 aircraft and ACC) (aaae aa left) 
16 
17 
18 (CAP) Jes, ••It a •o•eat . 

- 19 
20 

~ -
21 
2Z 
t3 
24 
25 
26 
27 
28 
29 - 30 -
31 
3Z • • 
33 
34 
35 
38 
37 
38 
39 - 40 -
41 
u 
43 
44 (coaa, bet•eea other (aa.e n ldt) 45 aircraft and ACC) 48 
47 

" 49 - 50 
. -

51 (CAP) • • • lomer • • • 
52 (COP) h a. 
53 
54 
55 (tAI') • • • 
56 tCUJI) tu. 
57 
58 
59 coat i .. e 

(f/E) Sha I I me ue speed brakes 1 
continue continue 



18 4 0:00 18 4 0:59 

1r Alar11 , etc. CYR Area l lcrophone Co-pilot Sea t(rllht)• Capta in Capta h Seat(l~ft) .. Co· pl lot fl laht Encl neer Seat 

•v~ OOt) (CAP) All . lower t lae aoae. 
Pl (COP) Yea . 
oz 

(coee. ••t•ttl ot •er 03 ( aaec n lefl) 
04 a ircraf t aad ACC) 
05 
08 
07 
08 
09 " ' -r- 10 (CAP)• • • 
11 
1% 
13 
H 
15 (CAP ) Let_' • retua • • • 
18 
17 
11 - 19 -zo 
Zl 

(f/ E) I have. lo1ered t •e aear. zz 
23 (COP) Yea. 
Z4 
ZS 
28 
Z7 
28 

,_ 29 -30 
31 
~2 
33 
34 
35 
38 
37 
38 
39 ..... 
40 -
41 (CAP) Lote r t•e 101e. 
42 (COP) Yea . 
43 

J 
44 (ACC)JAPAN AIR 
45 123 JAPAN 
48 AIR 123 aHe u left 
47 CH J H .. itcli 
48 l o r reQue•cr 
49 134. 01 -- so 
51 
5Z 
53 
54 

J 
55 (ACC)JAPAN AIR 123 
58 JAPAK AIR 123 
57 TOltTO CONTROL, saec u ld l 
58 If JOI read ec 
59 idol , Pltaat, 

co.ti au• 



1841:00 18 41 :59 

18' .tiaras,. etc. CJI Area llcrophoae Co·pl lot Seat (r l1bt) .. Captah Captala Seat (leh) • Co·pi lot f l l1ht En&iaeer Seat 

4Ut 
(CAP) Lower the aose. oott 

OJ lever • Ind that. 
oz 
03 
04 
05 
06 
07 (CAP) Joa' II stall, 
08 (COP) Yu. 

,_ 09 -10 
11 

i 
' 

1% 
13 
l4 
15 
18 (CAP)Yo• •••l ••e •ot• •••d• lo lo•er. 
17 
18 

,_ 19 
20 -
Z1 

(co••· •et•ee• ot•er (uu u left) u aircraft and ACC) Z3 
Z4 
ZS 
28 
'1.7 (CAP)- • • 
28 

.__ 29 
30 -
31 
32 
33 
34 
35 
36 
37 
38 

,_ 39 -40 
41 
4Z 
43 
44 
45 
48 
47 
48 
49 . -,_ 
50 
51 
5'1. . 
53 
54 

J 
55 (ACC)AI I ital ioa 
56 all 1lal io• 
57 except JAPAN ane u left 
58 All\ 1'1.3 
59 and cont iaue 



..... 

1&•2:00 18•2:59 

u· Alaru, etc. CTI Area llcropboae Co-pilot Sut(rlcbt)- Captah Captala Seat (I efl) • Co-pl lot Fllaht Eaclneer Seat 

4
"1' OOf) {ACC)coatact TOKJO -

01 CONTROL eo1hct oz TOUO CONTROL 
03 134 
04 deeiHI 0 
05 c•••re freq•eae1 HH U left 
06 134.0 
07 ud 
08 

,_ 09 keep 1i Int -10 ••til l•rther adviaed. 
11 -
n 
13 
u 
15 
16 
17 (CAP) Lo1er t•e aoae. 
18 (COP) Yes. 

- 19 
20 -
Z1 

I I u 
23 

(co.1. •etweea ot•er (sue H ldt) u 
25 aircraft aad ACC) 
26 
27 
28 

- 29 
30 -
31 ~ 

32 
33 
34 
35 
36 
37 
38 

- 39 (coea. ••t•eea other (11ae n lell) -•o aircraft aad ACC) 41 
n 
u. 
4C 
•s 
46 
•1 
"8 (CAP) Power. 
49 -- 50 .. 
5\ 
52 
53 (CAP) len1. 
54 
55 
56 
57 
58 
59 

contiuc 



1843:00 1843:59 

u· Alaru, elc. CfR Area MlcrophoAe Co ·pl lol Seal (rlcht) • Captain CaptalA Seu(lert)• Co·pllol fll&hl Enclneer Seat 

4ll21' 
00.,. 
01 ' • oz 
03 
04 
05 
06 
07 
08 

r- 09 
10 -
11 
l? 
13 
14 
15 
16 
17 
18 

- 19 (STM) Please re•1i1 -20 ia that conditioa 
21 
2Z aad ••i t please. 
23 (CAP) Lower the aose. 

(ane n left) 24 (co••· bet•••• ot•er 
25 aircraft ud ACC) (SlM) • • • 
28 
27 
28 

._ 29 -30 (STM) • • • pleue. 
31 
sz 
33 
34 
35 
36, . 
37 
38 - 39 
40 -
41 
4Z 
43 ·~ 
44 
45 
46 
47 (CAP) lenr. 
48 Nore, lo•er tlie 
49 101e a li ttle •ore -- 50 (COP) ru. • 
51 
52 
53 
54 
55 
56 
57 

(CAP) We're 1oiar do•n. 

58 
59 

co.tine 



18-44:00 184-4: 59 

w Alaru, etc . CYI Area llcrophone Co· pllot. Seat(r l1ht)e CapUl11 Captah Seat(left)• Co-pilot Fli&ht Ea&l11eer Seal 

.. :IT 
OOfJ> 
01 
oz 
03 
04 
05 (CAP) lent. 
06 
07 
08 
09 ~ ,_ -HI 
11. 
IZ 
13 
14 
IS 
16 
17 
18 - 19 -20 
Zl 
Z2 (CAP)h tlie wlleel pu1hd 111 tlle ur ? 
t3 (COP)All the nr . ' ' 
i• lt'• 111 the ''' · ZS 
26 
Z7 
28 
Z9 - -- 30 
31 
32 
33 
34 
35 
36 
37 
38 

(co••· bet•ee1 ot•er {eue u I.eh) 39. -,_ 
40 •ircrafl and ACC) 
41 
42 
43 (CAP) Ah, hea• r . 
44 
45 
46 
47 ( f / E) lo• a•o•l t•e flap 7 
48 Shall 1e utud it 7 
49 (CAP) lt'a atill loo urlr. -,_ so (F/E) Is it atill loo earl,f 
51 (CAP) It'• •l i II too earl r . 
sz (COP ) Art the scan doH 7 
53 (f/E-) Cura are do•a. 
54 (CAP) Eh, 
55 (COP) Coatrol it 
56 
57 
58 
59 

enli11e 



1845:00 1845:59 

w . Alnas , et c. CTI Area llcropbone Co·pl lot Seat (ri &bt) • Capt ah CapUJ~ Seat (left)• Co· pl lot fll&ht Enclneer Seat 

4)'1' 
OOt) 
01 
oz 
03 
04 
·os 
06 
07 
08 

,_ 09 
JO -
11 
lZ 
13 
14 
15 
18 
17 
18 (CAP) lold ~ ••• 

- 19 -zo 
Zl 
2t 
Z3 
u 
25 
Z8 
27 
28 

- 29 -30 
31 
3Z 
33 
34 
35 
36 
37 (JOK)JAPAH AIR ONE 
38 : TNENTY TIREE JAPAN 

- 39 AIR ONE TNEHTl THREE -40 ~ lOKOTA APPROACH o~ r ••rd. ~· 41 Ir ro• hear ••• 
4Z Coohct· YOKOTA 
43 129.4. 
44 
45 
46 (CAP) J1p11 Air 123 (CAP) J1p11 Air 123 

J 
47 11coatrol l 1~le uco1trol lab le 
48 8He U left 

- 49 (ACC)JAPAN AIR 123 -50 (F/E) Shall H co1tact 7 ro ohead. 
51 
52 (CAP) Nait a • i11le. (co••· bct1ee1 other (9HC l9 left) 
53 (F/E) Cootrol 

aircraft aid COH) 
54 
55 where? 
58 (ACC)JAPAN AIR 123 l 57 rorer u1derstood a&H II left 
58 Hderslood nd 
59 co1tine ah- . collline co1ti .. e 



- -. 

1846:00 1846:S9 

11· Ahru, etc. CYR Area llcropbone Co· pllot Saat(rlcht)• Captah Captalft Seat(lert)~ Co· Pllot Pllsht Enclaeer Seat 

~ 
OOtJo 
0\ 
oz 
03 (CAP) Lo•cr t•e aoae. 
04 (coaa. bctwee1 other hue u ldt) 
05 aireraft aid COK) 
06 CCOP)E•, ae•Ye co•e 
07 lo Lake Sarni, 
OB. (CAP) Yea. -.._ 09 (ACC)JAPAN AIR -10 123 do JOW 
11 wish to coatact laneda 1 
1Z 
13 
14 
15 
18 (CAP) Star wit• •• ,1eaae. (CAP) Sta1 •ith •• please. 
17 Hae as left 
18 

'-- 19 
(ACC) Do 1n wi1h to coahel 7 -zo {TOK) JAPAN AIR ONE 

Z1 {CAP) Star •it• (CAP) Sta1 with TllENTJ TIREE JAPAN 
2Z ... , ...... .,,,lease. AIR ONE TllENTY TIREE 

•• If. Z3 YOKOTA APPROACI 01 ru 
24 Jr ro• hear ... 
25 aquwk 
26 5423. 

J t7 (ACC) Yu, Hderalood. ...... left 28 atndb,, 
...... 29 Pleau Hit. - -30 

31 
32 
33 (CAP) Uia HJ Le •ope I us. 34 
35 (STiil • • .. 
36 
37 
38 

.._ 39 . -40 
41 
4Z 
43 · . 
44 (CAI') le1, • • • 
45 (COP) Tea. 
46 . ~ . 47 (CAP) Lo•er the aou aore. · ~ 

48 (COP) Jn, 
'-- 49 -

50 
51 
52 

(co••· Itel•••• other (Hae u left) 53 . {aau u left) 
54 aircraft aad ACC) 
55 
56 
57 
58 

" 59 
co.ti He co1tinue continue cont i 1ue 



11· 

47jt 
oon-
01 
02 
03 
04 
05 
06 
07 
08 

I- 09 
10 
II 
12 
13 
14 
15 
18 
17 
18 

I- 19 
20 
21 
22 
23 
24 
25 
28 
27 
28 

I- 29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

I- 39 
40 
41 
42 
43 
44 
45 
48 
47 
48 

I- 49 
50 
51 
52 
53 
54 
55 
56' 
57 
58 
59 

Alaras,. etc. 

• 

1· 
coatine 

CJI Area llcrophone 

(COP) • • • A1 
ai leroa 

(CAP)A~. req1e1t r1d1r Ycctor to 
IAHEDA a• KISARAZU. 

(CAP)Rorer. 

(f/E) T•e •rdra•lic Q1aatitr 
ia all loat. 

(CAP) lt"a 
Hcoalrol hlile. 

(CAP) • • • OK 7 

( CAP)t 19. 7 

llorer. 

(COP)Yn. 

,,-..... 
! \ 

J84 7:oo 1847:59 

Co·pllot Seal (right) .. Capt a IA 

l 
(coaa. bet•eea ot•er 
aircraft aad ACC) 

(CAP)Ah, reque1t rad1r Yector to 
IAHEDA •• KISARAZU. 

(ACC)lR01er, 11derstaad. 
As the r1n1ar 22, 
lteep hadins 
090. 

(CAP)Ro1er. 

(ACC)Caa ro1 control 
th aircraft ao• 7 

(CAP) It •1 
anconlrollable (ACC) Roser. 

(ACC)JAPAH AIR 123 coa· 
tact TOKYO CON 
ah TOKYO APPROACI 
119 7, 
119. 7. 

(CAP)l19. 7 
Ro1er. 

(CAP)ler, ao11taia (F/E) Yes, please. 

(CAP) Tira risht 

(CAP) Ko1fttaia (COP) Tea, 
(CAP) T1ke coatrol, ris•t. 

Ri1•t hn. 

(COP) llisbt tura 7 
(CAP)1e· 11 !Ill a 10U1tala I ' (COP) Yes. 

(CAP)Ris•t t•r•. 

(CAP)•••. parer. 

CIPlah Seat(left)- Co·pllot 

l
(STll) • • • 

~ <•••• •• •·••l 

-

(YOK)JAPAN AIR ONE TllO 
TIREE JAPAN AIR 
ONE TllO TllREE 
YOKOTA APPROACH 
oa surd. 
Ir roa •ear ae. 
Coahct YOKOTA 
129.4. 

UH II left 

(co••· liet1eea other 
aircr1fl aad COK) 

Fllcht Encl1eer Seat 

L (nae u left) 

... , .. left 

-
(1He as left) 

•• (STll) lie •re ducndias to lower altihde. 

-
Sooa 101 1oat't •aye to 
••e the oxrsea •••ks. 

UH n · lefl 

(Sfll) ••• 
Paaseasers 1it• L1Lies. 

keep rou Lead 
01 the Lack 

or ••• 
aeat 
• • • plene. 

lold ro•r Labies 
f inlr plene. 

Is rou I.ell 
ha teaed 1 

h rour hi.le 
IP 7 
Pleau check 

r (co11. l.eln~• other 
aircraft and COK) 

co.tiaue 

-

... , u left 

-

r (nae u ldl ) 

. coatine 

-

-

-

-

-



i ' .... , 

1848:00 - 1848:59 

11• AlarH, etc . CTI Area Microphone Co·pllot Seat(rl&bt) .. Captala Capula Seat(left)• Co·pll ot Fll&ht Ea&IReer Seat 

411'1 
OOt} 
01 

(COP) In. pawer. 

02 (F/E)' leep tryln&. 
03 (CAP) Ah, It doesn't aeed (or two pertoas lo do. 
04 

(cooo. belweta ot•er (1He n lert) 05 (CAP) Left twra. 
06 aircraft ud COK) 
07 
08 (CAP)lelt lYr1. (COP)fea. (STll) • • • 

...... 09 (CAP) l1cre11e power. in cue, ah, -10 (CAP) Left tun, tlila t IH. a l11di•1 
11 wit•o.t 10tice· • • 
1Z (CAP) Leh hra. 
13 
14 
15 
16 (CAP) Reduce power 1li1•tlr. 
17 (STll) • • • 
18 (JOK)JAPAH AIR ONE 

...... 19 (CAP) Ab, rlalit rlabt. TNEHJY THREE JAPAN -20 lour tbe 1ose. AIR ONE TMENTY TIREE 
21 YOKOTA APPROACI 01 ruard. 
zz If ro• hear ee, 
Z3 (CAP) .Lower tbe aoae. 1qowk 
24 54Z3. 
ZS (COP) theel h puslied all the nr . 

I 
26 • 

I I 27 
28 (co••· bel•ee1 other ( HU U left ) 

~ 
29 airc raft and ACC) (HH U left) -30 
31 

(CAP) Thu, • • • ci1 rou 7 3Z 
33 (COP) It '• doeao't •ork. 
34 
35 (CAP) Looer the aoac. 
36 
37 (CAP) Cood, 
38 

...... 39 -40 (CAP) Me'll ro i1to the •ounl1iaa. (COP) Yes. 
41 
42 
43 

" (CAP) in'l. ' 
.. 

45 .. 
46 (co••· bel•eeo other (sHe as ldt) (llH 19 left) 
47 aircraft and ACC ) (YOK) JA PAN AIR ONE 
48 TNEHTY THREE JAPAN 

...... 49 AIR ONE TMENTJ TIREE -50 YOKOTA APPROACI oa ruard, 
51 (COP) Shall I h creue poter? Ir 101 hear .. , 
sz (CAP) Power , po•er, Co1hcl JOKOTA 
53 • . . 

l 
129.4, 

l 
54 (CAP) <••••r breathi1r> 
55 It 

56 It ...... left .... ., left 
57 It 

58 It 

59 (CAP) Power, (CAP) Power. 
eo1tiue 



1 8 49 : 00 1 8 4 9:59 

11· Al aras . ete . Cfl Area Microphone Co·pl lot Seat (r l&ht) = Cipti la Captah Sea t(left) • Co·pllot fll&ht £n1ineer Seat 

4':1'1 oot; (CAP) <heaYJ bre1lhi11> 
01 " ~ ...... ,,,, ~ ...... ,,,, 
oz " 03 • • (COK)SELCAL (COH)SELCAL · 
04 
05 
06 
07 (COK)JAPAN AIR 123 

J 08 JAPAN AIR HH 11 lef t - 09 TOKYO 
10 low do JO• read 7 -
11 (F/E)let ' a iacrease power. 
ll Lel ' a i1crc1ae power. 
13 (CAP) Ri slat t.,•. 
14 
15 ( 7) ••• (YOK )JAPAN AIR ONE 
16 TNEHTY TIREE JAPAN AIR 
17 AIR ONE TNEHTY THREE 
18 YOKOTA APPROACH oa r•ard. - 19 If JO• hear me, -zo nine thousaods for 
ti direct area 
zz H ia ta i;-;fur 
23 thouanda 
u thu contact 
Z5 YOKOTA 
Z6 1Z9. 4. 
Z7 
ZS - 29 -30 
31 
3Z 
33 
34 
35 
36 
37 
38 ' ' ' - 39 (CAP) Ah, ao rood • •• -
40 
41 (CAP) Stal I. 
4Z (CAP) Ku ' o•er , Hll poHr, (co11. helwee• other (sue u left ) (su e u lef t) 
43 HX power. ai rcraft aad ACC) 
44 

J llH U left 45 (CAP) Stall . (COH)JAPAN AIR TOKYO 
48 • (CAP) Yu, th al ti h de hu lost. lo• do Jou read 7 
47 ' ' 48 (YOK)JAPAN AIR ONE 

- 49 . . TNENTY TIREE JAPAN -
50 AIR OHE TNENTT THREE 
51 YOKOTA APPROACI oa 1uard. 
52 If Jou hear ee, 
53 Coa tac l YOKOTA 
54 1?9.4. 
55 
58 
57 
58 
59 

cont iaue 



,.--., 

IB5o:oo 1850:59 

u· Ahras,. etc. CJI Area Mlcrop~o~e Co-pilot Sut(r l&bt)• Captala Captlfa Seat(lelt) • Co-pilot Fllcht En&lneer Seat 
:>UlT 

OOtj. 
01 
02 
03 
04 
05 
oe (COP) We 're 1a iai1r apeed, 
07 ••ted. 
08 

- 09 
10 

(CAP) Let'1 1i•t it a trr. -
11 
lZ 
13 
14 
15 
18 
17 
18 - 19 -zo 
Zl 
zz 
23 
24 
ZS 
ze 
27 (CAP) Stick wit• it. (COP)Yea. 
28 (f/E) "u· 
29 -,_ 
30 (CAP) Lo•er t•e 1ose. (COP)Yes. 
31 (CAP) Stick with it. Stick • it• it. 
32 (COP) No• , l'wc f•llr P•••ed t•• coetrol. 
33 (f/E) "u PO•er. 
34 
35 
35 (COP) We're loaiar speed, 
37 a peed. 
38 

' 39 -- 40 
41 

(co11. between ot•er (au c u left) 42 aircraft aad ACC) (aHe u left ) 
43 
44 
45 
4g . 
0 
48 . 
'9 -,..... 
50 (CAP) Yow' ll •a•e to coatrol 
51 ~wit• power. . 52 (f/E) o er control ia OK. 
53 Let's •ae power control , 
54 please. (CAP)Jea. 
55 (COP) Speed 
58 220 hob, 
57 (F/E) Yet. r (co••· betwcea other t (sHe as lef t) 58 (CAP) Do1't lower t•e note. aircraft aad COK) 59 l t'a ia lo•eri•a. (COP)Yes. 

conlinve continvc conti .. e 



1851:00 1851:59 

11· Alaru, etc. CYI Area llcrophoae Co· Pilot Seat(rl,ht)• C1puh Capt1h Seit (leCt)• Co-pl lot · Fllaht Eacheer Seit 

5Ut 
OOfJ> 
OJ 
oz 
03 

I 04 (CAP) Ne're loains alti tude. (COP) Yea, 
05 (CAP) Raise, raiae t•e noae. 
06 I 07 
08 (COP) Flap? 

,_ 09 (F/E) Sha I I I lo•er it 7 
10 ~CAP) It eom' t ro dowa, -
11 F/ E) Ju, ••• ltr allenale. J ai..,.ltueoulr 
lZ (CAP) Alternate, aa expected, (F/E)Yea, i t is br allereale recorded 
13 
H 
15 
16 
17 
18 

I 

.__ 19 -20 
Zl 
Z2 
23 (CAP) Loeer tlte aose, 
24 

(co••· heteeea ot•er 
aircraft and COK) 

(Hae .. left) 

ZS (CAP) T•e real ia Ol, 
26 jut do roar 
27 OH job. 
28 

-- 29 (CAP) Bot• • a1d1. (COP)Yca. -30 (CAP) Lo•er t•e aoae. 
31 
3Z (CAP) Yu, po .. r. 
33 (F/E) I'll increase po.er, 
34 
35 
36 
37 
38 (f/E) f lap ia 10• lteinr 

- 39 extended. (CAP)Yea. -40 
41 
4Z 
43 

(CAP) Lo•er t•e aoae. 

44 
45 
46 
47 
48 (CAP I Pu•. 
49 -- 50 
51 
5Z 
53 

l l l 54 
55 

(coaa. betaeea other 56 (Hae aa left) (su e as lert) 
57 aircrar t aad ACC) 
58 
59 

cutiaue coalinue conlinH cont iaue 



... ~ ..... . 

1852:00 1852:59 

13" .Uarn, etc. CYI Area llcrophoae Co·pllot Sc11(rl1bt)• Caplah Captah Seat(leCt)., Co·pl lot Fli1ht E•1lneer Seal 

:IUt 
(nu 11 lef t) (sue as I cfl) 001; + (co••. bcl•eea other • + 01 aircraft aad ACC) 

oz 
03 
04 
05 
06 
07 
08 

- 09 -10 (co••· bel•een otber (uae u' left ) 
II • aircraft and COH) 
12 
13 
14 
15 
18 
17 
18 
19 ' - -20 
Zl 
zz 
23 
24 . 
25 
26 (F/E)T~e f lap ia ao• beiar e1te•ded 
27 br 1lterute. (COP)Yn. 
28 (CAP) Loeer the noac. 

._ 29 (COP) Yu. -30 
31 
3Z 

(YOK) • • • 123 • • • 

33 
34 
35 
36 
37 
38 (c011a. bct•ee1 other (uu u left) (sue u left) ._ 39 (CAP) Loeer t~e Doae. (COP)Yea, aircraft aad ACC) -
40 
41 
4Z 
43 
44 
45 
46 
47 
48 
49 . -I- 50 
51 (COP) Shall I take eoalrol 7] aiHltaneoualr 
52 (CAP) Yes, pleaae. recorded 
53 
54 
55 
56 
57 
58 
59 co.line coatinue coatiue continue 



1853:00 1853:59 

II~ Ahn•.· etc . CYR Area Microphone Co· Pi lot Seat (r l&ht) .. Capu i • Captaia Seat (le(t) = Co·pllot Flight Englaeer Seat 

)~~ 

OOt; 
01 
02 
03 
04 
o~ 
oe 
07 (eot1a. betweea other (aaae u lch) (aaae as left) 
08 aircra(t tad ACC) 

I-
09 (TOK) • • • 123 • • • -10 
11 (co••• between other (sau u left) 
12 aircraft and COH) 
13 
14 
15 (CAP) Raise tbe ao1e. 
18 
17 
IS .. 

I- 19 -20 (CAP) Power. ' ' 21 . 
22 (COP) Power up. 
23 
24 
ZS -
28 
27 (ACC)JAPAH AIR 123 JAPAN - -
za AIR 123 TOKYO. 

I- ~~· -
31 (CAP) Eh, ancont rol , (CAP) Eh, 11ncontrol. 

11ae u lefl 32 Japu Air JZ3 Japae Air 123 aaee as lefl 
33 uncontrol . uncontrol . 
34 
35 
38 (ACC)123 ro1er. 
37 (TIJl()IZ3 -
38 YOKOTA APPROACI CONTROL 

I- 39 oa 1•ard. -
40 If 10• bear ee, 
41 squawk 54 
42 23 
43 contact YOKOTA 
44 129 
45 (ACC)JAPAN AIR 113 

] ] 48 123 
47 JAPAN AIR 123 

llH U lef t 48' Swi t cb f req1enc1 sue u ld t 
._ 49 to 119. 7, -50 119. 7 

51 (CAP) Ye1, 1e1, 119.7, please. 
52 (COP) Ah, ,u, 
53 NHber Z. 
54 (CAP) 119.7. (COP)Ye1. 
55 
58 
57 
58 (F/E) 'hi I we Irr 7 (APC)JAPAH AIR 123 -, 
59 II (COP) es. (ACC)JAPAH AIR 123 -i (COH)SELCAL I (COH)SELCAL 

I coati .. e (uu as left) (uu u ldt) 



1854;00 1854:59 

u· Aluu , etc . CYR Area l lcrophone Co-pl lot Seat (rilht) = Captah Captah Seat(l eft) • Co-Pilot fllcht F."ciaeer Seat 
:141' 

J J OOf) (ACC) If Jou caa 
sue 11 left uee u lefl 01 nitc• to oz 119. 7. 

03 (CAP) Yu, left, (APC) • • • • itti•1. 
04 left hn. _IC Jo• readia1. -05 (COP) Yes. (APC)if 101 readi•1• 
08 (F/ E), Yes 119 COH Ip freq1- (f/£) Tu, 119 (f/E) Yes, 119 
07 (CAP) ~.rt t1r1. CDCJ 
08 (F/E) 119.7. (F/E)119. 7. 

- 09 (APC)one oae 1i•er -10 enu. or, 
11 •e •re alreadr 
It opeelr UJ . 13 . Cre11ucr 
u TOKIO 
15 APPROACI oat. 
II I 
17 
18 

,_ 19 (f/E) Japa• Air IZ3. (F/E) Jap•a Air 1Z3 -zo Eh, I've eelecled eh, •• '•• 1u e 11 left UH as left 
ZI 119. 7, Hlected 119. 7. zz (CAP) ;eg1est po1ition. 
Z3 (f/E) equest po1 itio1. 
u 

'. 

ZS (f/E) Ja111 Air 1Z3 (F/E)Japan Air 1%3 
Z8 req•est po1itioa, Req1eat 1oa itio1. 
Z7 

; 

ZB 
,_ 29 -30 (APC)JAPAN AIR 123 rour 

31 positio• 5 
3Z ah - 5 
33 45 
34 • ilea nort• ' ' 35 weal of 
38 RAN EDA. 
37 

(f/E) Nortllweal of lueda 38 (F /E) Nort•we•t of l11eda 
39 d (g!) ••• eh (YOK)JAPAH AIR ONE -,_ 
40 (F/E) a• eh ah e• TNO THREE JAPAN 
41 •a. Har ai In 7 how HDF ai lea 7 AIR ONE TNO TIREE 
42 (APC) Ju , YOKOTA APPROACI oa· 1urac 
43 thl ia correct. .. . 
44 Oa owr radar 
45 ro1're 55 
46 (CAP) Lower t•e aose. • i In NII 
47 oll, 
48 ( 7) ••• 25 ai In 

._ 49 ah -50 (COP) Tiie wheel is all th .. , . lo the 
51 • Ill 
52 of 
53 hH1•ra. 
54 over. 
55 (F/E) Yes, rarer. (F/E) Yea, rorer. - -56 (f/E) Ther sar •e ' re (co••. hel•e•• ot•er (aue as left) 57 25 •i les •est aircraf t aid COK) 
58 of Kue111Ja. 
59 (YOK)JAPAH AIR OHE 

continue cont iue eonliaue 



1855:00 1855:59 

1a· Alaru, etc. CYR Are• licrophoae Co·pl lot Sell(rlcht)"' Capula Captain Seat(lert)~ Co-pilot Flight Enclaeer Seat 

)).)1' 

OOfj> 
01 (CAP) Can 1ou extead fl ap, 

(YOK)TllO THREE JAPAN AIR 
ONE TllO THREE oz YOKOTA APPROACH 

Q3 (COP) Yu, fl ap CONTROL on 1uard. 
04 10. 

1
1,r .'o: hur •e 05 (APC) I' II 1puk i1 l 06 Japanese, lie 

07 are r u d1 r or 
08 (co••· between other (nae H leh ) ron approach a ir craft" and COK) - 09 al u1 ti n . -10 Aid, 

1H e a• left aH e as lell 11 coordi1atin1 • it• 
lZ Yokata, Yokat a is 
J'3 uaihble for 
14 landi n1 ai ao. 
15 (CAP) Raia• t•e 101e. Jo, ro re r. 
16 (f/E) Ju, roaer. (f/E) Le t 'a how 1our ... 
17 (CAP) Raiae t•e aose. (APC) iateetioa, over. 
18 - -- 19 . (CAP) Raiae tbe 1ose. -20 
Zl 
2t 
Z3 
24 
Z5 
Z& 
Z7 (CAP) Rai se the 101e, 
28 (YOK)JAPAN AIR ONE 

I-
29 TllO THREE JAPAN -
30 AIR ONE TllO TKREE 
31 YOKOTA APPROACI .. 
32 · CONTROL oa 1u1r d. 
33 U ro• • u r we , 
34 (COP) I've bee1 •oldia1 for a Ions ti 1c, CO• e llP 
35 1Zl,5. 
36 .... 
37 (STll) keepii1 
38 co11uaication with 

,_ 39 -40 
0 eh, besides 
4Z (COP) Poaer: - . . . -43 . (CAP) l e1. kalt tke fl ap. (APC)JAPAN AIR 123 
44 JAPAN Al R 123. 
45 ( 7 ) Ab U read i111 
46 ro•r radar poait ioa 
47 (CAP).Power. (CAP) Fl lP. 
48 s top cro1dlac t ocether. 5 

'- 49 (COP) fl., up, (lap .,, flap •P• 0 1 i lu , -
50 fl ap up (CAP)flap up. correctioa 

S H C as le!t 51 (COP) Yes. 60 1i In aau as left 
52 aorthut 
53 of t•e IANEDA. 
54 Nort•• e 
5fl a•-S • ile 
56 (CAP) Pour. 50 
57 (CAP) Poter. uutiul ai l c 
58 (CAP) Fh p, aorth est 
59 (F/E) it h up , ol BAHEDA. - -cont inn 



1856:00 1856:28 

11° Alaus, elc . CYR Area Microphone Co· pi lol Sell(rl&bl) • Captah Capuln Seat(leh) • Co-pi lol Fli&ht Engineer Seat 

:>11'1 
OOIY 
01 
oz 
03 
04 (CAP)lalse lhe aose. 
05 
06 
07 {CAP) hlH the IOIC, 
08 
09 

H H H )ef l -.._ 
10 (CAP) Power. (CAP) Po•er. · ane n left 
11 
lZ .. 
13 
14 CPllS (CPllS)SINK llATE 
15 
16 lllOOPlllOOP 
17 PULL U)' 
18 llHOOPNIOOP 
19 PULL UP -,_ 
20 llROOPllROOP 
u PULL UP l.tAf) • • • 

J aoiac J u left J l&H U left 22 lllOOPllROOP .... 
23 :J PULL UP (contact ao1nd) 
24 lllOOPlllOOI-
25 PULL UP 
26 -i (coatact ao11d) 
27 
28 (end of recordin1> 
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(Tentative Translation from Original in Japanese) 

Honorable Ryutaro Hashimoto 
Minister for Transport 

Recommendation Yo.! 
July 19. 1987 

RECOMMENDTAION OM SECUREMENT OF AIRIORTHINESS OF AIRCRAFT 

Aircraft Accident Investigation Commission (AAJC) has completed 
the accident investigation on JA8119. a Boeing 747 SR-1.00 of Japan 
Air Lines Co .. Ltd. which crashed among mountains of Ueno Village, Tano 
County, Gunia Prefecture. Japan on August 12. 1985. 

Based on results of the investigation. AAIC recommends. pursuant 
to the provision of Paragraph 1 of Article 21 of Aircraft Accident 
Investigation Co11ission Establishment Law. that the following actions 
be taken pro1ptlY. because AAIC believes that they should be conducive 
to prevention or aircraft accidents. 

1. In case where large-scale repairs such as modifications of major 
structural elements of an aircraft are carried out at a place other 
than the factory where the said aircraft was manufactured. for 
recovery fro• or repair of damage caused by aircraft accident. as much 
guidance as possible should be provided to the repair agency engaged 
in the repair work so that the planning and 1anage1ent of the repairs 

. are conducted with special care as individual condition requires. 

2. In case where large-scale repairs such as 1odifications of major 
structural eleaents of an aircraft are carried out for recovery from 
or repair of daaage caused by aircraft accident. as much guidance as 
possible should be provided to aircraft operator so that special 
instruction ite1s. if necessary, are established for the portion 
concerned and continuous 1onitor is 1aintained . 

. ., 

,, 



3. In this accident. ruptures of the fuselage tail. vertical fin. 
and hydraulical flight control systems were caused as a chain reaction 
by f lowout of the pressurized air due to rupture of aft pressure 
bulkhead. To prevent th~ recurrence of such situation, a study should 
be initiated on the addition to the airworthiness criteria of the 
provisions concerning the fail-safe capability of peripheral 
structures, functional systems etc. against rupture of pressurized 
structural components such as the aft pressure bulkhead on a large 
aircraft. 

By Aircraft Accident Investigation Commission 

/S/ Shun Takeda 
Chairman 

/S/ Yoshiomi Enomoto 
Member 

/S/ Kiyos'hi Nishimura 
Member 

/S/ Jiro Koo 
Member 

/S/ Akira Azuma 
Member 

.. 
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(Tentative Translation from Original in Japanese) 

Honorable Ryutaro Hashimoto 
Minister for Transport 

Proposal ~o.6 

June 19 . 1987 

PROPOSAL ON THE AIRCRAFT ACCIDENT OF JA8119. 
A Boeing 747 SR - 100 OF JAPAN AIRLINES CO .. LTD. 

Aircraft Accident Investigation Commission (AAIC) has completed 
the accident investigation on JA8119 , a Boeing 747 SR-100 of Japan 
Air Lines Co . . Ltd . which crashed among mountains of Ueno Village, Tano 
County, Gunma Prefecture, Japan on August 12. 1985 . 

As a result of a study on various facts which became known from 
this investigation. AAIC proposes, pursuant to the provision of 
Arti~le 22 of the Aircraft Accident Investigation Commission 
Esta?lishment Law, that the following 1easures be taken, because AAIC 
believes that they should be conducive to prevention of aircraft 
accidents. 

1. A study be made on 1easures to iaprove the ability of crews to 
respond to emergencies or abnormal conditions . 

It is well conceivable that the crew may not grasp sufficient 
contents of the situation nor they cannot judge on how they cope with 
the situation under specific e1ergency or abnormal condition or 
co1bination of these. as in the case of this JA8119 accident . 

It is necessary to study measures to i1prove the responsive 
ability of the crew in such cases. 



2. A study should be made with respect to discovery of cracks by 
visual inspection for the improvement of aircraft maintenance 
technology, 

In most cases. discovery of cracks caused on aircraft structures 
has been made by ·visaal inspection. However. no sufficient reference 
is presently available on the problem to determine to what extent the 
visual inspection is effective in discovery of cracks . . 

It is necessary to study measures to improve aircraft maintenance 
technology by collection and analysis of data on crack discovery by 
visual inspection on transport aircraft in current use in our country. 

Br Aircraft Accident Investigation Co11ission 

/S/ Shun Takeda 
Chairman 

/S/ Yosbiomi Enoaoto 
Member 

/S/ Kiyoshi Nishimura 
Kember 

/S/ Jiro Koo 
Me1ber 

/S/ Akira Azuma 
Me1ber 
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