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Dear Mr. Dickinson

The enclosed GPWS Performance Evaluation report is providjg to you in support of the
subject investigation being conducted by the Civil Aviation Bureaw of the Ministry of
Construction and Transportation Koréan Civil Aviation Bureau (KCAB) of South Korea.

information of Boeing and is provided on a confidential basis for the exclusive use of the
NTSB and other investigative parties in connection with their investigative activities. Boeing
does not authorize release of this information to the public. |

The information included with this correspondence is conside%d confidential comimercial

If you have any questions, please do not hesitate to call Mr. Debnis Rodrigues, 425-237-8301
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Rlchard S. Breuhaus

Chief Engineer, Air Safety Investigation
Org. B-H200, MC 67-PR

Telex 32-9430, STA DIR AS

Phone (425) 237-8525

Fax (425) 237-8188
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¢ Evaluation of GPWS Performance Air China 767 Crash April 15, 2002 at Busan, South
Korea

Includes the following attachments: :
Ground Proximity Warning System wire diagram (2 pages)
Ground Proximity Warning System schematic (2 pages)
Graph of radio Altitude from DFDR (1 page)
Tabular Radio Altitude from DFDR (1 page)
GPWC Mode 2 Closure Rate (1 page)

Mode 2B Closure Rate Envelope (1 page)
Additional aircraft DFDR parameters used in analysfﬁs (1 page)
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Executive Summary

This paper is 2 summary of the Ground Proximity Warni g System for Air China
767 airplane line number 127, registration number B-255 , variable effectivity
VEO65: This airplane was delivered in October of 1985 tq Air China and crashed
while on approach to Kimhae Intemational Alrport in Busan, South Korea on April
15, 2002. " ’

Accident Summary — CA flight 129 enroute from Bejing to Busan, South Korea
crashed into a mountain while attempting to land at Kimhae International Airport
in Busan, South Korea. The crash occurred at 11:23 am o Apnl 15, 2002.
Weather was foggy, rainy and windy. The flight crew began the approach to RWY
36L, however due to a tailwind they were instructed by ATC to circle to land at
RWY 18R. The airplane crashed below the peak of Mount Mulbong,
approximately 3 miles north of the runway. The right win impacted first at an
elevation of 204 meters (670 feet). Mount Mulbong elevation is 230 meters (755
feet). )

Data Summary - The airplane was configured to land withthe gear down and flaps
at 30 at the time of impact. Airspeed and groundspeed weze approximately 120
knots. Pitch attimde was 5 degrees and the airplane was banking to the right.
Pressure altitude was constant at épproximately 700 feet. Radio altitude decreased
from 500 feet to O feet in the 12 seconds prior to impact. There were no GPWS
alerts recorded on the CVR or the DFDR. '

GPWS Configuration - The airplane was equipped with a MK-TIT Ground
Proximity Warning Computer (GPWC) with a manufactu ng date of September
1984. ‘

Analysis - GPWS alerts possible given the airplane was configured for landing
would be Mode 1 excessive descent rate or Mode 2B excessive closure rate. Mode
1 alerts can be immediately ruled out since the airplane was flying level. Mode 2
alerts were not triggered because the terrain closure rate magnitude and duration
were less than that required to catse an alert with the gear and flaps lowered.

Tabular radio altitude data from the DFDR was used to run a simulation using a
MK-HI GPWC. The simulation confirmed that the closure rate was not sufficient
to trigger the Mode 2B boundary. -

Conclusion - The GPWC performed per design. Mode 2 albrts were not tri ggered
because the terrain closure rate magnitude and duration were less than that
required to cause an alert with the gear and flaps lowered.

Boeing Proprietary
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Ground Proximity Warnine Svs tem Description

PWC. The MK-ITT was the first
om the late 1970°¢.

oeT

ZCTLICT

Details of the GPWC recovered from the craSh site:

SCD Boeing p/n $220102-102.
Sundstrand Data Control (now Honeywell) p/n 965-05771001
Manufacturing date 84 09
TSO C92B CAA Spec 14 o
H/W Mod 16
S/W Mod 16

The MK-TII GPWC provides what are known as basic alert
Mode 1 is Excessive Descent Rate, Mode 2 Excessive Closure Rate, Mode 3
Altitude Loss After Takeoff, Mode 4 Unsafe Terrain Clearance Not in Landin g

Configuration and Mode 5 Below Glideslope Alert.

Possible options for this version GPWC are an alternative audio alert selection and
a Mode 6 aural annunciation of “Minimums-Minimums” when the airp!

through the pilot’s selected decision height. These options could b

through airplane wiring chan ges.

»p‘.—i L}I}"\:yvs XYy

Attachments 1 and 2

licable to this airplane. The airplane wiring

ed.

Boeing has no record of Boeing Service Bulletins being in%o_rporated, which
would have modified the as-delivered GPWS. ~

Boeing Service Bulletin 767-34-0047 dated May 31, 1989 was released to all 767
operators at the time, to allow installation of a later version|of the GPWC; either
the S220T102-204 or S220T102-205 on this airplane. The generic name for this
p/n GPWC is the MK-V indicating the GPWC had reactive ' windshear detection
and alerting capability. The $220T102-204 and 205 had the capability to provide
an operator selected set of optional Made 6 radio altitude callouts which could
include 2500, 1000, 500, 400, 300, 200, 100, 50, 40, 30, 20 land 10 feet as well as
approaching minimums and minimums type callouts.

Boeing Service Bulletins could be requested by a customer to retrofit reactive
windshear detection and alerting capability. FAA FAR 121.858 required reactive
windshear detection and alerting for U.S. registered airplanes on or before J anuary
2,1991. ‘ :

Boeing Proprietary
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Boeing 767s manufactured after February 1999 have the Enhanced Ground
Proximity Warning System (EGPWS) which is generically referred to as a Terrain
Awareness and Warning System (TAWS). This systemn is fandated to be installed
on all Jarge commercial transports by J anuary 2003 under [CAO Annex 6
International Standards for Commercial Transport Airplanes. Boeing Service
Bulletins can be requested by a customer to retrofit this system on delivered

airplanes.

@ Analysis of CVR and DFDR Data

Y. Radio altitude data from the DFDR was used to run a simulation using 2 MK-IH

CEIN GPWC. This radio altitude data is includéd (attachments 3|and 4). With the
airplane configured to land, the alert threshold is defined by attachment 6. In order
to avoid nuisance alerts during normal approach and landing, additional radio
altitude filtering is applied to the calculated closure rate signal. The.maximum
filtered closure rate from the simulation was approximately 1800 feet per minute
(attachment 5). This closure rate will not trigger the Model2B. boundary - -
(attachment 6)

Attachment 7 is a plot of additienal DFDR data used in they GPWS alerting
analysis showmg approximately the last 32 seconds of the 1"11ght.

L .
v

Conclusion ~ The GPWC performed per design. Mode 2 alerts were not triggered
because the terrain closure rate magnitude and duration wete less than that
required to cause an alert with the gear and flaps lowered.

ttachments:

Ground Proximity Warning System wire diagram (2 pages)
Ground Proximity Warning System schematic (2 pages)
Graph of Radio Altitude frorm DFDR — Approximately Last 3 Minutes ¢!

page)

W=

4. Tabular Radio Altitude from DFDR Approximately ILast 3 Minutes (1 page)

5. GPWC Mode 2 Closure Rate Obtamed from Test Using Radio Altitude data
(1 page)

6. Mode 2B Closure Rate Envelope (1 page)

7. Additional aircraft DFDR parameters used in analysis (1 page)

Boeing Proprietary

Page 4 of 4



tie-l .@_Rﬂffﬂﬂ 767 WIRING DIAGRAM

[ u e
1 L o | i 4 I
PO 11 - e gy o wrt--it f N 5 e
i SUMBSS) (g Rl TR ]
| mull H
— g WiTs oAl LR .E‘E 0 i i R 45[» _'.JE i
f;_w-vu} ; : — -EL—‘-; - s -
P e Wi ! fo & !
LT :ﬁ s A il =
p: H-’ = el —— R watg ——] | s iiar B il i 1 m;:q" :-;ﬁm_ vipe —| m-um
_H_:';:} HHL
WiFT Al e
RIIFRAR b i Ta
"U:’“H-“u—"l'\” — J—-" B =y | W sl nF— v i Hia-i ar mll Rl
o'
q'}} [FETHT]
e
et e g o i —— e —{ 0l i v
v | o i
n‘t{{‘f A Y
I D-T.—a.i Ll | | Hf— ara 4 B RN IIJ T4 Wl
I “_;.-o— i L—E‘; B “—rm?‘- R o
TN
T T kel T P
R i E;'h
e all e
_— P ad ) - - W L
i { :21[“* s —3a
T Sa U s B P
4 " o ¥ [[F"'"
(TR L ST | il L ii-H o =0 [TF""'" o 8 nanamet
« -1 "i—l—
A ulrmTlHHE#‘ﬁT LR E!_ I:: L'_E:ﬁ —'—————--Eb: :‘IE :}u‘i'::f':l
a8 e > L X e
a Wi 1 it ] Sr—_ prea 1y ﬁ g e
iEw el % =
- ] i 4] .
LA ) kg -
& e . ' i - - o
[ mriﬁhi iah | :}ﬁc:;‘:.:::a o] o= ————pl n.5R,
sl T L |« iy O e B m—]ﬁﬂmﬁ
; " LTE—I == (e
(2

WIES)
AAKIER LERSTE 1 ML SREELD caslie Wanes
5 4 INCEES URLESS THENRISE SPECITILD,

[T e o 310w wimn passa

D-mm-uuvmm-rumnumu

K . ol 787

i — - e

iE _GROUND PROXIMITY e o - b1l wus
K d§ WARNING SYSTEM REL BATES O7/47/19% SH CONF 17

5§§ USER B

: Ground Proximity Warning System Wire Diagram
j (Attachment 1)




ﬁvﬁhﬁ\h\h

1 vasal-vaal

: 3 T T
w11 ¥109 s [ vims b
LA X035 L] n_.v“ i LELEETE i A _ j
\ ! o e *,ﬂ_r_q R e . e e = e B
_ .\", Alla:f'.l..-t‘! _T:_.z _ljUT —y WY | tareai Lt =gl et w ﬂ“_....nl.__. "..ﬂ.._.:ﬁ — ﬁ_ ﬂ“mm
o Saant-TE LIRS I (o g— (i fnkd1-akn
ﬁﬁl.”._slja#ﬂ._ L ¥ina|=Y13m
EAL IVED 3V

VIDEY-YE

R *nvﬂ bV
ke Ty
gv:‘:.: sy Iﬁm 1_3 ] I..*qullﬂi T n... 1" rﬂ
iz
ottt A3,

= = enbeat @ e = :
1

®
~T.
=

Ll

f

~ _

|

A [ Sl T TS ) R R I.IIIL 7] - b i |._||—.m._|ﬁl T s (e ]
y I
L mize II.LJFLI.:.H — g | P IR L B il = A= | if—
] i Smsr P L h
83 TTEn v L Tk I|_.ME|=_. oL me
e lu ﬁm.m_..
T TTCIRER P
r LIEIE M T
TN LLED
‘n
L L
; -1
Lk [ PR -m=H = BISEi 9
vk Ly iy Hﬂ Ha ! = i
i BN —p Hengl — 5=
TR i Loy _ “ﬂ”u:ﬁ T ke
iy RU 0104 Wm) i
. 42002 w135 Pt - !
a1 o o) _2 22 t o] . p— didik o Hf siniing aky
(3)-40-08) [TFhane 1T [ I 1 ke =y W] e
AR L kemd iy RS ETETY
nw.w:. : i SRR R
SR
.
Hgll::.: . 1L [
(31-49-00} | “Fram
s
rheas
Lamyren
) EICAS pACK *
i =
P
iy S e n-.n_.-E Eioas
i LSRRI

W UL NIE fawe e

GROUND PROXIMITY ol
WARNING SYSTEM L

ot



@:QQ&.\\FS, 767 FUNCTIONAL SCHEMATIC
t:..:|.|.|||— e e = i
m__.l.ﬁ“ﬁ B T Tk L LT = = e L T e Ry |

b=t : ; __ _. o
@b FiE (84 il 1| Hiie A B o Al 155
s Lo falii 1)
'

E R

T R L A ' i
FITSL o P A%SY BeATA O0TT ! Wy ,.

BATA S 4 gl —| AL e : ¥ -
f LI M ol ..ﬂ_m Wmmrmm . T E=——r = fit

" A0 LEF = -
13-4 skt N LEFT ADE 1E1=34 ! o] .:&.._._“n i ﬁmﬂ.ﬂ
(PETTE R e e T ciaure e L L 1l
Frasmstasotstiainand TAHLE ALY : -...__ﬂ.._ LI LT _ [— FLAT 21 =
N2LE L LAF ALTHANTE e ok o s i | _ = ¥
NECEIVER tEst) e A Y - ' i | e
wrimny i — e P8 _:__r i £ At —— ke 3 - L
O M TRk, LT L ah — I “_.E_f_..m e ralL L ol 15
KIS LEST 1M (gl-gy 'MOSTTAL YARFRAL BFAEH _ _ N.hmh =TS ot
i (]
Sl — g AL i ELECTE .\_ e AR 3
5 '8 — Fﬂ -
‘ BIR/LNE BEVIATION, MIWAAT COMMEE .w.“. u :: FERE e o m— el IR &
' N — .__q AL .:__; = e —T ]
‘i AT i =T ] HImiL §
1|m PN
o ———————— et _.._E. : - &
i Y L ...| i -
. — i e nan (- G
: - 38 ta Tmﬁ = Lo
W00 ) : - i uﬁ -
LTI | Uﬁ'{vn; i e z &% THRIRIT ———— ¢
) s _.-.-_R. CUINELTER LAT/ LIRS _mr.- i . ; SLIBE BLIPE
___.UEJ e s T ......_..:— P ' = ____..h___..m_ .-wﬂm-_..._q:...lx L REFENITION BATE — |
E i o '
7l anb past w T ] !
" L} - ML PRI
vion [ wvee ; e L AR L 1 T i
H=l=r ; tiie i1} 1 | ]
W il (Fa) - b -y LT
w —i : — PR/ LT .....| t_lc.___ﬂ-
: - ) gap [ AT Lk Lo
7 s O LRBIE b FULL UF Link Lha
! A I.....__ [ SNN FINE LI L0
IL\ 4 fiLL

\_ B0 e i — - VHCARILATY THET |
FLl = ) —imu._"- — R pEsaEEl 19—

= FRCARULLAT TEAT 2

WRATOTES)  LANRIRG

uEAR LEYERR 1
e

)

w $603  LIGNT GPYS ..--..--------...--.«_.w"ﬂ»".” ............................................ §
¥ M FLAP o0VRD (P3-1) N838 L FLAP/STAB - u
| Pos (PS0) K147 GROUND PROXINITY COMPUTER (E1-5) wr
.mmm n.@.: Ny — . u\-lglg LU
: mm GROUND PROXIMITY WARNING o a s St 0 s
m iy SH CONF 609
2




gj_ﬂﬂffﬂﬂ 761 FUNCTIONAL SCHEMATIC

- : =1 pedai i
FIPIINT = ——— .
A e e P e 3 rrem e ey . 1{:1:" s HIT 4G DAAGRAME winlt
: H o . ety
SPEEC) FRaN T — T TATRARETIRT s di-S-a2 -44-
| Sl w W wnn R
. Al LefTi] FREnAETY | ) g o
1o wper rLors| 1 —_— ik § e2bilg H o L
, il i = T Kiniay RHIHG (R51}
o ! o LA ] i il TG e )
1 3 f “thh LAY rEaee ] i
[} l"-l.’l |‘H.-"l ['ilfl I"..L"'l I"\If'l I'tlfl hl‘-‘: I-'kl.fl
N e B BT \ H et flb L g <t
ant U 228 N2 2N N N i3 ]
i I o 18 ETTHTAY i ! 1‘-’--\3‘ "ii" (A Q AR AR AR *“"',‘1"'.}";;?"“1 A J}l_'[:-:: _
i “RiRIm NINIAU" i ! WATE WITEARE (1L TEOF 1 [ ﬁl ] ‘: s
1= JINE IATE T ' WFLIT MY '"TJ! pitisty Rk T—— ¢t
Thr 1§
| = ST SN i : Eﬁ%mlmu%i{ Ilrr:'&ngfj i RISEDred) (£33 s ._1‘-*“
- - . A, RN FRL A HE FALLENE MESSARLD Bt 1w th
# - GLIRL ELRPE ' ' CHARAETED IEPLATER Tinz R (R3)
E | SRR g B il e o T L HTTY WIBCRETE =
i lj it kllrl R il FlEFLAT =
L] I'
1
' i
‘I FRALAL B E ;"}E : pormssssonsrecsy
AEIN NEERAGK | pidar. A1 ey
g e S RHE PEIE AULAL :[E]
i AKIR ALHICE el S IJ E Eﬁ—ﬁ—-—— =i o
e dmioke — || i W
] l ' B, i)
- ' i i
v i 1]
b al i micckiouy | L ETm 1 urm"'ﬂr--
i = aimg AEARR VRO iy L BRSPS . =
T e Pl © e e :z}'“'\ j WD B STREN W
' il | = PR R, = wr. st
1AL i TLE WALLE 1 THIT LI — h‘:&) L = WU AL
e i p I
— IANIEIE L BFIL Mo
1
" AL T —— ]
PO J— i
-] | -
F —— | ﬂ.? o i
WAL b ——— g |
! - T Jl: ﬂ.-——H-Lc:v,{][} ‘ o
_i } : . a #— Wi 15 L ;
L i I\.‘ ’.] RN LR B
L ] H _=._l‘ - 1]
WML T — P Lk —P—'n\l O : n;"{-r} i
: noid4t L ]
ﬁﬁ : ! il 3 {s " = I,
+ i : 1 410 T A ] i
ﬂ : |' W SRR —"C.'_ = 3 i et oo
I e T e e S =S |
£
i1 R o
e : ArBE b — Fhhb~01 wuie
i;g GROUND PROXKIMITY WARNENG e LT SHEET 2 weitwiie
! = (LR 4l conF &1
l iRER ds
it

Ground Proximity Warning System Schemati ~ Continued
(Attachment 2)



Radio Altitude From DFDR - From Approxnmately
Last 3 Minutes of Flight

(attachment 3)
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Delta_Seconds
6060.5
8061.5
6062.5

. 6063.5

6064.5
6065.5
6066.5
6067.5
6068.5
6069.5
6070.5
6071.5
6072.5
6073.5
6074.5
6075.5
6076.5
6077.5
6078.5 -
6079.5
6080.5
6081.5
6082.5
6083.5
6084.5
6085.5
8086.5
6087.5
6088.5
6089.5
6090.5
60915
6092.5
6093.5
6094.5
6095.5
6096.5

. 6097.5
. 60985

6099.5
6100.5
61015
61025
6103.5
6104.5
61055

- 6106.5

61075
6108.5

Tabular Radio Altitude From DFDR From Approximately Last 3 Minutes of Flight

RadAlt (/)
2030
1992

" 1950

1934
1898
1866
1824
1808
1780

1762

1726
1778
1740
1684
1622
1596
1570
1544
1514

{Attachment 4)
6109.5 748 6159.5
6110.5 742 6160.5
8111.5 728 61615
61125 716 6162.5
6113.5 714 6163.5
6114.5° 694 6164.5
6115.5 672 6165.5
6116.5 670 6166.5
6117.5 ' 684 61675
6118.5 690 6168.5
6119.5 670 - 6169.5
6120.5 656 61705
6121.5 664 61715
61225 674 6172.5
6123.5 676" ' 61735
6124.5 690 6174.5
6125.5 698 6175.5
612655 704 6176.5
6127.5 708 6177.5
61285 712 6178.5
6129.5 724 6179.5
61305 758 6180.5
6131.5 762 6181.5
61325 770 6182.5
6133.5 760 61835
61345 768 6184.5 .
61355 758 61855
6136.5 760 61865
6137.5 780 6187.5
6138.5 782 6188.5
6139.5 774 6189.5
6140.5 790 6190.5
6141.5 772 6191.5
61425 790 6192.5
6143.5 794 6193.5
61445 800 6194.5
6145.5 802 6195.5
6146.5 794 6196.5
6147.5 790 6197.5
61485 790 61985
6149.5 770 6199.5
6150.5 766 62005
6151.5 780 62015
6152.5 764 6202.5
6153.5 776 6203.5
6154.5 752 6204.5
6155.5 764 6205.5
6156.5 748 6206.5
61575 746 6207.5
6158.5 770 6208.5

796
804
834
824
810

. 812

804

. 810

790

780

770
736
730
728
710
702
716
710

710"

698
692
694
720

708"

708
708
€92
684
688
688
890
700
696
702
700

708.

698
696
€94

702’
708

710
712

708 .

710
718
720
708

696
710

8208.5
6210.5

.6211.5

6212.5
62135

62145

82155
6216.5
6217.5
£218.5
6219.5
6220.5

6221.5-

6222.5
6223.5
6224.5
6225.5

62265

6227.5
6228.5
6229.5
6230.5

62315

6232.5
6233.5

62345

6235.5
6236.5
6237.5
6238.5
6239.5
6240.5
62415

.6242.5

6243.5
6244.5
6245.5
6246.5
6247.5

.6248.5

6249.5
6250.5
6251.5

698
698
700
718
. 692
712
724
736
744
738
752
748
754
762
750
770
682
720
710
712
664
660
692
‘664
670
654
586
580
594
582
536
514
490
436
282
242
226
178
152

130
184




GPWC Mode 2 Closure Rate Using Approximately Last 3 Minutes of DFDR Data
(Attachment - 5)
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