NATIONAL TRANSPORTATION SAFETY BOARD
Office of Research and Engineering
Washington, D.C. 20594

December 16, 1998

Digital Flight Data Recorder Factual

Specialist’s Report of Investigation
by Cassandra Johnson

A. ACCIDENT

Location: 950 miles east southeast of New Tokyo International Airport, Narita Japan
Date: December 28, 1997

Time: 1410 Coordinated Universal Time (UTC)

Aircraft. Boeing 747-122, N4723U

NTSB# DCA98MA015

B. GROUP
N/A
C. SUMMARY

On December 28, 1997, at 2310 Japanese Standard Time (1410 UTC), a United
Airlines Boeing 747-122, N4723U, experienced an episode of severe turbulence about
950 miles east southeast of New Tokyo International Airport, Narita, Japan. The
airplane was in visual flight rules (VFR) conditions at the time of the accident and was
bound for Honolulu, Hawaii. 374 passengers including 5 infants and 19 crewmembers
were on board. Following the turbulence, the airplane returned to New Tokyo Airport
for an uneventful landing. The flight was operating under FAR part 121 at the time.

The digital flight data recorder (FDR), a Sundstrand Data Control (SDC), serial
number 2348, was removed from the aircraft and sent to the Safety Board'’s laboratory
in Washington, D.C. for readout and evaluation.

Without taking the vicalloy tape out of the digital FDR and using the Safety
Board's transcription equipment and computer software, a successful FDR readout was
performed. Attachments |-1 and I-2 contain the FDR parameter listing information for
the accident airplane as supplied by United Airlines. Attachments 1I-1 to 1l-4 comprise
selected FDR parameters for the turbulence encounter in graphical format with the total
combined time of 12570 to 12945' seconds. Attachments Ii1-1 to lll-14 contain the
tabular listing of the selected FDR parameters found in attachments 1I-1 to |I-4.

" All times are FDR subframe reference number in seconds (elapsed time).
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The digital FDR indicated that N4723U ascended to 31,0007 feet (ft) above mean
sea level (msl) approximately 24 minutes after take-off. Approximately 1 hour, 7
minutes and 19 seconds later (at 12853.937 seconds), while the aircraft was cruising at
31,000 ft ms| with wings level at an approximate magnetic heading of 103°, the aircraft
experienced a positive 1.814 G normal® acceleration excursion. Six seconds later at
12859.937 seconds, the aircraft sustained a negative 0.824 G normal acceleration and
the aircraft subsequently rolled approximately 18° right wing down. During these
events, altitude excursions were nominal.

D. DETAILS OF THE INVESTIGATION

Section | - Description of Data

This model flight data recorder records aircraft data in a digital format onto four
tracks of a Ya-inch vicalloy tape. The digital FDR records 64 separate 12-bit words of
digital information every second from the Digital Flight Data Acquisition Unit (DFDAU).
Each grouping of 64 words is called a subframe. A group of four subframes comprise
one frame. Each subframe has a unique 12-bit synchronization (synch) word identifying
it as subframe 1, 2, 3, or 4. The synch words are the first word in each subframe. The
data stream is "in synch" when successive synch words appear at 64-word intervals.
Each data parameter (for example altitude, heading, airspeed) has a specifically
assigned word and bit location within the subframe. Attachments I-1 and 1-2 comprise
the parameter information as supplied by United Airlines. A minimum of the last 25
hours of operational data are retained on the recording medium. This is accomplished
by erasing the oldest data and replacing it with the newest.

Section Il - Examination and Readout

The digital FDR was examined upon receipt and found to be in good condition.
Without taking the vicalloy tape out of the digital FDR, the FDR data were transcribed
directly to hard disk for further analysis using the National Transportation Safety
Board's readout equipment. The transcribed data were reduced from the recorded
binary values (0's and 1's) to engineering units (for example feet, knots, degrees, etc.)
using conversion formulas obtained from United Airlines. The actual conversion is
accomplished by an automated process that incorporates the National Transportation
Safety Board's computers and associated software. The accident event was located
during the transcription.

All the data examined which included the take-off through the turbulence
encounter showed the data for the roll control parameter (control column position) and
the yaw control parameter (rudder pedal position) to be erroneous.

* The digital FDR altitude is function of 29.92 inches of mercury (in hg).

Y Normal acceleration is the same as vertical acceleration.
DCAIMAD1S



Section Il - Plots and Data Printout

Attachments 1I-1 to 1I-4 comprise selected FDR parameters for the turbulence
encounter in graphical format with the combined total time of 12570 to 12945 seconds.
Attachments IlI-1 to 1lI-14 contain the tabular listing of the selected FDR parameters

found in attachments 1I-1 to 11-4.

Cassandra L. Johnson -
Mechanical Engineer

Enclosures:

Attachments |-1 and [|-2: FDR Parameter Listing

Attachments 11-1 to {I-4: Selected FDR Data in Graphical Format for the
Turbulence Encounter

Attachments llI-1 to llI-14:  Selected FDR Data in Tabular Format for Attachments

I1-1to 1l-4

DCASMAC15



Attachments | - FDR Parameter Listing




Parameter Name Word  |Subframe | Signal Comments
Type
1. Vertical Acceleration 13.29.45.61 ALL |
2. Longitudinal Acceleration 15,31.47,63 | ALL !
3. Lateral Acceleration 44 ALL (‘
4. Altitude Coarse 23 1 |
5. Altitude Fine 05 ALL !
6. IAS (Indicated Airspeed) 19 1.3 | 5
7. Magnetic Heading 03 2.4 | ;
8. Pitch Attitude 51 ALL |
9. Roll Attitude 17 2.4 i
10. Angle of Attack 11.43 ALL i Not Available
on this aircraft
11. GMT 37 3 i
12. Pitch Control 41 ALL
(Control Column Position)
13. Roll Control 9 ALL . Erroneous Data
(Control Wheel Position) | |
14. Yaw Control 27.59 ALL Erroneous Data
(Rudder Pedal Position)
15. Stabilizer Position 55 1.3 |
16. Trailing Edge (T/E) Flap Position 39 1.3 ' Discrete :
17. Leading Edge (L/E) Flap Left 1 39 1.3 i Discrete
18. Leading Edge (L/E) Flap Left 2 39 2.4 | Discrete
19. Leading Edge (L/E) Flap Left 3 39 1.3 | Discrete
20. Leading Edge (L/E) Flap Left 4 39 24 ' Discrete !
21. Leading Edge (L/E) Flap Right 1 4 1.3 Discrete
22. Leading Edge (L/E) Flap Right 2 4 24 Discrete
23. Leading Edge (L/E) Flap Right 3 4 1.3 Discrete
24. Leading Edge (L/E) Flap Right 4 4 24 Discrete
25. Leading Edge (L/E) Flap In Transit 13 ALL Discrete
26. HF 1 Keying 47 ALL Discrete
27. HF 2 Keying 47 ALL Discrete
28. VHF 1 Keying 9 ALL | Discrete
29. VHF 2 Keying 9 ALL | Discrete
30. VHF 3 Keying 31 ALL  :Discrete
31. EPR Engine 1 33 1 |
32. EPR Engine 2 33 2
33. EPR Engine 3 33 3
34. EPR Engine 4 33 4 |
35. Thrust Reverser Unlock Engine 1 30 ] ' Discrete |

‘.'
L



Parameter Name Word  |Subframe | Signal Comments
Type
36. Thrust Reverser Unlock Engine 2 30 2 Discrete
37. Thrust Reverser Unlock Engine 3 30 3 Discrete
38. Thrust Reverser Unlock Engine 4 30 4 Discrete
39. Thrust Reverser Deployed Engine 1 7 1 Discrete
40. Thrust Reverser Deployed Engine 2 7 2 Discrete
41. Thrust Reverser Deployed Engine 3 7 3 Discrete
42. Thrust Reverser Deployed Engine 4 7 4 Discrete
43. TCAS Advisories Combined 8,63 ALL Discrete
Control
44. TCAS Advisories Vertical Control 11.8 ALL Discrete
45. TCAS Up Advisories 27,43 ALL Discrete
46. TCAS Down Adyvisories 59.27 ALL Discrete
47. Event 13 ALL Discrete




Attachments || — Selected FDR Data in Graphical Format
for the Turbulence Encounter
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Attachments lil - Selected FDR Data in Tabular Format for Attachments li-1 to 11-4




Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MAQ015

FDR Data for all plots, National Transportation Safety Board

FOR TS Magnetic, EPRZ | EPR3 TPRT TControl [Pressure|Lateral |
Reference! (knots) |Heading ; ! (deq) iColumn AltitudeiAccel !
Subframe | | (deg) i P (feety |(g's) |
(Seconds) ; } (deg) .
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MA015

FDR Data for all plots, National Transportation Safety Board

FOR .CAS Magnetict  EPRI EFRZ | EPR3 EPR4 | Normal ’ Pitch ¢ Rol] . Control |Pressure Lateral ILongwtuchTaf
Reference| (knots) |Heading ' Accel | (deg) | (deg) 'Column |Altitude Accel Accel (g's)
Subframe (deg) ! (9's) | .Pos (feet) (g's)
(Seconds) : t ! (deg) i
I § )
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: [ ©0.9618 ‘ 0 0326
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MA015
FOR Data for all plots, National Transportation Safety Board

FER TAS Magnetici  EPRL | EPRZ EPRS EPRET NormaT |, Pitch I RolT ~TControl “Pressure)Lateral jlongitudinal
Reference (knots) [Heading i Accel | (deq) (deg) |Column  Altitude]Accel jAccel (g's)
Subframe (deg) ! ! i (9's) | ! IPos Hfeety |(g's)
(Seconds) | ‘ s i t i '(deg) i ‘
2626 331 13 103087 T T 27 T 0075 T 057 000, 0323053186, 0.0051 0.03%47
1.0076 i 0.0367
i 1.0168 | 0.0367
1.0168 i ‘ 0.0347
12627° 331.62| 104.06 ‘ . 1.28 1.0076 1.05 0.00 0.38'30928.19] 0.0015 0.0367
‘ 1.0076 i i ‘ 0.0347
i 1.0076 ‘ ; \ 0.0347
i : 0.9984 i i ; : 0.0347
125287 331 397 108 08, 1271 1 T0.9803 TO5] 035 0 323098 15 30122 00327
iy I 0.9893 ; 0.0347
0.5984 | 0.0326
0.9801] ‘ 0.0326
12629, 331.87} 104 061 o129 0.9893 1.05 0.00 0.29 30931.661 . 0148! 0.0347
: 0.9984 ; i 0.0347
| ; i 0.9893 | \ 0.0347
| ‘ i . 0.9710 4 : 0.0347
T2850T 331 26 104 Col 177 T 9801 T 0357 0 3230325 75 J.0075 T 0387
‘ ‘ 0.9893 0.0347
i ‘ ; 0.9893 0.0347
‘ \ | ! 0.9853 00347
12631] 331.141 104.06 1.28] 0.9893 1.05) 035  0.32.30925.75. ¢.0082: 0.0347
! ! I 0.9984 1 i 0.0347
[ | 0.9984 0.0367
‘ 0.6984 ; 00367
12652 330 30. 104 001 T27 05988 T.05] 035, 03833522 % ST U037
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‘ 0.9893 : 00367
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126331 329.43] 104 06 | 1.29] i 0.9893 1.41 000 0.35 309¢9.87 2.¢061! 0.0367
i ; 0.9984 : : ; . ; 0.0367
’ ! 1.0076 | ; ; i 0.0367
‘ L 10168 | : ! 0.0388
IZEBA‘ I 1037 ; T 78 T T.088 T4 000 0.35/30%05 87 00010, 00388
i | 1.0259 ; . 0.0388
‘ : : 102591 ‘ 0.0388
: | 1.0168: I \ 0.0367
12635 330.40 103 71 1.28) 1.0076 1.41]  -0.35 0.35130904 95  0.0066 0.0367
‘ 1.0076 | 0.0367
| 1.0076 ! 0.0367
: i 0.9984 9.0347
% 33069 W31 10 1 0. R 35 0 ALY,
| ; : . 0.9893 ‘ 0.0347
: i ! i ©0.9984 | ‘ 0.0347
‘ \ \ 0.9893 ! \ 0.0347
12637° 330 77} 104 06 \ 1.29 0.9893 1.05 0.00;  ©038/30919 64 0.0087 0.0347
: ‘ © 09801 i i 0.0347
‘ L 0.9710 ‘ 0.0347
‘ | i 0.9710 0.0347
736 330,28 108 %, 178 ‘ T 370 1% TO0T 325 RIS L T o2 WROREY
‘ 0.9710 ‘ 0.0347
: | 0.9801 0.0347
i ' L 0.9710 | i 00367
12639 329‘30\ 104 06 | L8l 0.9 1.41 0.000  ©0.32|30919.5% 3.0066 0.0367
; ‘ 0.9801 i ‘ 0.0367
‘ a | \ 0.9801 | i 0.0367
\ ‘ . 0.3893 0.0367
830 33 18 03 L X i T 1AL 0.00] 032G Twi 7055,
i | 1.0076 i 00367
! ‘ i 1.0076 0.0367
: 1.0076 i i 00367
12641 330 18] 133.71 129 1.0076 1.41 0.00¢  ©.29{30617 20 30010 00367
; ‘ 1.0076 | 1 00367
' ; 1.0076: : J 0.0347
j i 1.0076 ‘ 0.0347
126327 330,85 133 711 | 128 | . i KNCFASERIEEN I RS
‘ ! \ I 0.9893 0.0347
i ‘ 9.9893 0.0347
\ ‘ 3.9710 2.0347
12643 2330 89| 103.71 128 297100 1.05] -0.35 ¢ 32133628 37 20102 370347
; 0.67101 ; 0347
. i i 0.9710: ' 0 0326
| i 0 9710. ; 0 0326
JEZ.SRCK) D RS TOE 307 PR O A : L O O - S TRIR T L %] 0.032¢
‘ 1 P 0.9710 : ¢ 0.0326
\ ! I 0.9710 | ‘ i 0.0326
‘ | 0.9618 i ‘ 0.0347
12645| 331,14 104 C6 1.29 I 0.9618 1.0si  0.35]  0.38:30940.41! C 0036 0.0326
| \ 0.9618 : ; 0.0326
! 0.9710 0.0326
| | 0.9618 i : 0.0326
17685 330.89 104 061 R 0.5710 T0% 500 0 35130535 25 3 005T 70328
0.9618 : | 0.0326
| ‘ | 0.9526 00326
; . 0.9526 i | 0.0326
12647 330.65| 104.06 | | 129: 0.9618: 1.05 0.0 0.32 30940 41, 0 0097 0.0326
\ g ‘ . 0.9618, ‘ 0.0347
‘ : ! 0.9710] 0.0347
| i \ 0.98011 1 0.0347
To6a8, 33077 10508 T 28 0 9801 T05 T35 TR I 00 U034y
: i ; 0.9893 ‘ 0.0347
' : | 0.9984 : ( 00367
! ‘ i ! 0.9984 i 0.0367
12649 330.89  104.06] 1.29 0.9984 1.05 0.00]  0.32!30935.52  9.0025 0.0367
\ | 0.9984 : 0.0367
I 1.0076 ) : 0.0367
‘ | ‘ | 10078 | 0.0347
125507 33101, 233 711 T.28: — 10076 T 05 035 038730925 4.1 0.008L] 0387
‘ i { 10076 ; : ; 0.0367
| | | 109984 ' | 0.0367
| i 0.9893 w : ! 0.0367
12651 331.38 10371 1.29] 09893 1.05]  -0.35:  0.35{30925.75  0.0097 0.0347
. 0/9983 : ! 00347
© 0.9984] ] ‘ 0.0326
0.9984] 0.0347
0850 3T 62, L3 0 T i X I T 0% T 3T IITIE O 0066 T.0387
| | 09984 ‘ | 0.0367
: 0.9984 : : ‘ 0.0367
w 09801 ‘ i 0.0326
12553‘ 331.26 104 (5 129 | 0.9801 1.05 9.00 0 32[33929 41 2.0087: 0.0347
| i 0.9893 : : 00326
: ‘ Lol i)
0 0




Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MA015
FDR Data for all plots, National Transportation Safety Board
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MA015
FDR Data for all plots, National Transportation Safety Board
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MAQ015
FDR Data for all plots, National Transportation Safety Board
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Turbulence Encounter, B747-122, 1
FDR Data for all piots, National Tra

2/28/97, N4723U, NTSB# DCA97MAOQ15
nsportation Safety Board
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCAS7MA015
FDR Data for all plots, National Transportation Safety Board
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Turbulence Encounter, B747-122, 12/28/97, N4723U, NTSB# DCA97MAQ15
FDR Data for all plots, National Transportation Safety Board
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