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Appendix 1  Basic Information of the Flight Crew



ITEM CM-1 CM-2 CM-3
Gender Male Male Male
Age 51 52 54
Date Joined CAL Mar-01-1991 Feb-01-1990 Mar-01-1977
License Type ATPL 11136 ATPL 11030 FEL 90203
Type Rating B747-200 CAPT B747-200 F/O B747-200 FE
Expire date Aug-31-2002 Jul-16-2002 Jul-22-2002
Medical Class Class 1 Class 1 Class 2
Expire date Jun-30-2002 Oct-31-2002 Sep-30-2002
Last Check Date Aug-13-2001 Mar-17-2002 May-05-2002
Total Flight Time (H: M) 10,148:31 10,173:18 19,117:52
Flight Time (H: M) _ _ _
In Last 12 Months 647:16 753:16 809:29
Flight Time (H: M) _ . :
In Last 90 Days 256:44 225:19 250:42
Flight Time (H: M) ) ) )
In Last 30 Days 69:11 67:16 68:30
Flight Time (H: M) ) ] ]
In Last 7 Days 25:34 9:59 3:32
Flight Time (H: M) ) ) )
On B747-200 4,732:20 5,831:17 15,397:36
Flight Time On the Day 0 hrs 0 hrs 0 hrs

Before the Accident Flight

Rest Period
Before the Accident

(Over 24 hrs)

(Over 24 hrs)

(Over 24 hrs)




Appendix 2 Boeing 747-200 Fuselage Station Diagrams
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LFOEING
FiZ

STRUCTURAL REPAIR

ITEM DESCRIPTION GAGE MATERIAL EFFECTIVITY
1 UPR MIX SILL
WEB 0.040 | CLAD 7075-Té2
2 UPR WAIN SILL
Fub AND AFT WER 0.040 | CLAD 7075-T6
CTR WER 0.090 | 2024-T3
SEAL DEPRESSOR BAC1496-3B8 CLAD 7O7PS-Té
INNER CHORD BAC1514-2065 TOTS-TE511
OPTIONAL: BAC1516-1128 7075-T6
OUTER CHORD BAC1514-2057 2024-T3511
OPTIONAL: BAC1514-1128 2026-~T42
z LWR RAIN SILL
AFT 0.071 | CLAD 7075-T6
FWD WEB 0.040 | CLAD 7DP5-T6
STR WEB 0.100 | TO75~T6
FWD CTR WEB 0.063 | TOTS-T&
SEAL DEPRESSOR BAC1455-620 CLAD 7O7S-T6
QUTBD CHORD BAC1514-2046 2024-T3511
OPTIONAL: BAC1514-1128 2024-Ti2
INED CHORD BAC1503-100213 707S-T&511
OPTIONAL: AMDIDIZZ-2405 7O75-TE511
FWD STRAP 0.180 | 7075-T6
AFT CTR STRAP 0.100 | CLAD 7075-T6
AFT STRAP 0.375 | 7075-T6
CTR STRAP 0.250 | 7075-T6
& LWR AUX SILL
WEE 0.040 | CLAD 7075-Té
ANGLE ANDIDMZ3-0703  7O75-TE511
5 FWD STUE BEAM
UPR CAP BAC1S03-2772 7O75-T6511
LWR CAP BAC1506-2450 7075-T6511
WEB 0.040 | CLAD 7075-Té
_ STIFFENER ANDIDM34-D601  7075-T511
[ AFT STUB BEAM
UPR CAP BACISO03-2772 7OV5-TE511
LWR: CAP BACIS10-856  707S-TE511
WEB 0,040 | CLAD 7075-T6
STIFFENER ANDID1Z4-0601  7OTS-TEST
T FWD FRAME
OUTER CHORD BACISOZ-100370  2024-Té2
OPTIONAL: BACIS14-1522 2024-Ts2
INNER CHORD BAC1503-1D0365  7075-T6
OPTIONAL: BACIS14-15 7075-T6
WEB @ | vors—Te
ANGLE ANDIDA34-2001 7O075-Té
8 INTERCOSTAL 0.050 | CLAD 7OPS-T6
9 INTERCOSTAL 0.063 | 7075-Té
LIST OF MATERIALS FOR DETAIL VI
§tructure Identification — Section &6 — T47-200C and T47-200F
Figure 1 (Sheet 25)
i 53-11-23
T4T SRM Page 2Y
Mar 15/94
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Appendix 3 CAL ERE (747)- AS062
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CHINA ATRLINES - PEBROARY 8, 1980

iI.

BEF: ERE(747)AS062

ENGINEERING RECOMMENDATION
" 747 B1886 ACFT

Description of Damage:

B-1866 low fugelage aft section Jamage occurred during landing with
dragged tail on runway in HKG. ‘

Preliminary iaspection found the serious abrasion damages ‘on fuselage
tail portion bottom skin between F,S. 2080 and 2160 and between P.¥,
2578 and 2638. The aft drain mast vas uwissing. LE outflow valve
door imb'd corser partially cut, . :

Recomnended Actions: (St:nctural'ﬁephif)

ll

Close visual ingpeet intermal structure for any defects inside
the gbraded akin, Co : C

Install two reinforcing doablers, made of 063" 7075-76 Alup. Alloy
plates at two places of the abraded area, forvard 2371125 (o be
sesled during installation on this pressurized area) and aft )5nx
54", See attach Figure. .

ATt water drsin mast reinstalled ‘and functional teat,

LE outflow valve door cut area tesporarilly repaired with 6061-T6
Alua, Alley and functional test, : :

Conduct permanent repair IAW 747 SEM within four months.

Thae said temporary repair was concurred by Boeing Rep.

17
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Appendix4 Boeing FSR Telex CI-TPE-80-22TE
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FURTHER T0 RSF CYA 3-1346 FERRIED TPE 2-7-80_ AITH CAZIN s
UNPRESSURIED PRSCAUTIGHATY PD TPS LAMDINS UNEVENTFUL PO AT TPE
CNA [ilSP FOUID TAIL SECT L4R SUSFACE DAMAGED TO WHAT APPEAR
TO HAVE BZEN SUSTAIHED A LIGATLY TAIL DRAGGED GRD 0N RUIAAY-
DURING LANDING HIT¢ ASRASION DRIAOSS CENTERED AT AFT LAR FUSELAGE
SKIN PNLS PD SXIN ABRASINIl DAMAGES WITH AVERAGE DEPTH OF .30IN
AT STA 2080-2160 SETHSEN S-50R AdD S=49L CHfA STA 2484-2658
BETWEEN $-502 AND $-50L XITH AVERAGE DEPTH OF .25-,30 OF
ABRASION PD AT STA 2086 AHD 2598 CiA AN AREA OF ,2X.4IH AMD 4XBIN
RESPECTIVELY THAT HEAVY ABRASION UP TO SKIN THICKNESS WERE
SUSTAINED AT CL OF LRR FUSSLAGE SKIN PHLS PD I'l ADDITION CHA AFT
MATER DRAIN “AST “AS BROXEN OFF AND LM OUTFLOW VALVE LAR GATE
INBD L#R CORVER 2X41M CUT-AMAY PD HO OTHER DAMAGES 01 303Y FaAMs
OR STRINGERS FOUHD PO CI TEHP WEPAIRED ABOVE EY ADDITION OF EXT
TEMP SXIN PATCHES OF ,043 CLAD 2024-I3 AT STA 2980-2131.
BETHEEN S-493 AMD S-48L| AND AT STA 2579-2613 JETWESH 5-493
AND S-49L PD SXIN REPLACSENT DR SKIN REPAIR PER SRN OF EXTERAL
PATCH METHOD TO TOTAL DA4AGED AREA TO BE MADE AT LATE DATE UPON
REPLACEMENT ¢ :
RTS ORDERED THRY NORMAL CHANNEL PD THE AFT

WATER DRAIN “AST FEPLACED AND LM OUTFLOW VALVE LIR OATE
DAMAGED ARSA TEUP 3SPAIRED AND OUTFLOW VALVE Lid GATZ To SE
REPLACED UPON REPLACE'ENT p

RT ORDERED PD A/C RETURNED To
SERVICE ON 2-8-80 AS SCHED WITHOUT MAINT OELAY PD

20



Appendix 5 Boeing Letter B-H200-17600-ASI
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9 May 2003
B-H200-17660-ASI

Aviation Safety Council
16" Floor, 99 Fu-Hsing North Road
Taipei 105, Taiwan, R.O.C

Subject: 1980 Tailstrike Event - China Airlines 747-200 B-18255 Accident
near Makung, Taiwan - 25 May 2002

Reference: a) Your email to Simon Lie, dated 24 February 2003
b) Telex CI-TPE-80-21TE, dated 7 February 1980
c) Telex CI-TPE-80-22TE, dated 8 February 1980
d) Telex CI-TPE-80-24TE, dated 11 February 1980

We received the reference a) email requesting information about
communication between China Airlines and Boeing regarding the tailstrike
event on 7 February 1980 in Hong Kong. Attached is our response to your
questions.

The information included with this correspondence is considered confidential
commercial information of Boeing and is provided on a confidential basis for
the exclusive use of the ASC and other investigative parties in connection with
their investigative activities. Boeing does not authorize release of this
information to the public.

If you have any questions, please don’t hesitate to contact Simon Lie at +1 425
234-5471.

Very truly yours,

(original signed by)

22



Background

Since mid 2002, Boeing has been searching for records pertaining to the
tailstrike event that occurred on 7 February 1980 in Hong Kong and the
subsequent temporary and permanent repairs. Our search has included our
field services offices in Hong Kong and Taipei, as well as our facilities in the
Seattle area. We have searched through telexes from our field services
offices, repair records and databases retained by our structural engineering
group, and other files. Our search produced the reference b), c), and d)
telexes which have previously been provided to the ASC. Also, we have
spoken with Boeing Representatives stationed in Hong Kong and Taipei during
February 1980. The Boeing Representative stationed in Taipei has since
retired from the Boeing Company. Below are listed your questions followed
by our answers, which are based on the records found during our search.

Question
Did Boeing Representative to China Airlines receive the information to the
incident of tail strike from China Airlines?

Answer

According to reference a), the Boeing Representative in Hong Kong (BFSHKG)
assisted China Airlines with the initial inspection of the damage in Hong Kong.
We have found no records indicating whether the Boeing Representative to
China Airlines (BFSTPE) received information regarding the initial inspection
from BFSHKG, China Airlines, or both.

Question

Was there an official request/record of such request by China Airlines to
Boeing in providing comments or recommendations to China Airlines regarding
the tail strike repair? If comments / recommendations were provided by
Boeing to CAL, could Boeing provide those records to ASC?

Answer
We have no record of any request by China Airlines for Boeing to comment or
provide recommendations regarding the tail strike repair.

Note that China Airlines has provided the investigation with a copy of

“‘Engineering Recommendation Ref: ERE(747)AS062”, dated 8 February 1980.
That document states that the temporary repair was concurred by BFSTPE on

23



7 February 1980 and that a copy was provided to BFSTPE.

Question

After the repair was done, did Boeing Representative acknowledge the repair
procedures done by China Airlines, and if so, could Boeing provide the record
of such acknowledgement? If no acknowledgement was provided, please state
the reason why.

Answer

In reference b), BFSTPE advised Boeing that China Airlines had accomplished
a temporary repair consisting of temporary skin patches made from .063 clad
2024-T3. BFSTPE further advised that China Airlines intended to complete a
skin replacement or external patch permanent repair per SRM at a later date.
We have found no record that indicates Boeing was advised that the
permanent repair had been completed.
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Appendix 6 CAL B-1866( B-18255 )Maintenance Log Book of
Year 1980
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Appendix 7 CAL B-1866 (B-18255) 1980 Repair Related to
the Tail Strike
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Appendix 8 Weather Information
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Wind Profile (MM5/ATS, ASC)

Wind Profile (MMS5/RE, NTSB)

Alt. Wind dir. | Wind Speed Alt. Wind dir. | Wind Speed
0 20 16 306.4 11 10

1000 360 17 4921 90 3.8

2000 340 10 10266 278 15.2

3000 300 6 14417 276 18.8

4000 280 5 19189 270 23.5

5000 270 4 24837 266 27.4

6000 270 4 31788 263 33

7000 270 5 35977 260 35.3

8000 280 7 40871 257 37.2

9000 280 8

10000 280 10

11000 280 12

12000 280 13

13000 270 15

14000 270 17

15000 270 18

16000 270 16

17000 260 19

18000 260 20

19000 260 20

20000 250 21

21000 250 21

22000 250 22

23000 240 22

24000 240 23

25000 240 25

26000 240 26

27000 240 27

28000 250 29

29000 250 30

31000 250 33

33000 250 36

35000 250 38

37000 250 40

39000 250 40
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41000 250 38
43000 250 35
45000 250 32
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Appendix9 CI611 CVR Transcript
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Legend
CM1: Captain

CM2: First Officer

CMa: Flight Engineer

RDO1: Radio transmission from CM1

RDO2: Radio transmission from CM2

RDQO3: Radio transmission from CM3

MAINT: Gound marshall

GND: Taipei Ground Control

TWR: Taipei Tower Control

APP: Taipei Approach

ACC: Taipei Area Control Center

PRAM: Prerecorded announcement

FA: Flight attendant

VOLMET: Meteorological information for aircraft in flight
OPS: China Airlines' Operations Center

CAM: Cockpit Area Microphone

CAM1: CM1 through cockpit area microphone
CAM2: CM2 through cockpit area microphone
CAM3: CM3 through cockpit area microphone
MFXXX: an unknown flight of Xiamen Airlines

XX FOC: unknown airlines flight operations center
XX 057: unknown airlines flight 057

--: unintelligible words

ALL_TK: source including track1, track2, track3 and track4
() : remarks or translation
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Local Time
(radar time)

SOURCE

CONTENT

14:56:12 (beginning of record)

14:56:13 PRAM |18 4% ¥ 32 # 3k # #...(Welcome on board China Airlines)

14:56:13 CAM |(sound similar to engine ignition switch movement)

14:56:14 CAMS3 |starter cutout

14:56:15 GND |(conversation with BR 802)

14:56:15 CAM1 |after start items

14:56:17 CM1  |ground cockpit

14:56:18 MAINT |go ahead

14:56:19 CM1 |ready for flaps check leading edge

14:56:21 MAINT (roger ground cleared

14:56:21 BR 802 |(conversation with TPE GND)

14:56:22 CAM1 (flaps twenty

14:56:22 CAM |(sound similar to flap lever movement)

14:56:23 CAM2 |twenty

14:56:29 CAM |(unidentified sound)

14:56:31 CAM1 ok after start check list

14:56:32 CAM2 |after start anti ice

14:56:34 CAM1  |[off off

14:56:35 MAINT |yes sir we are confirm leading edge flaps extended

14:56:36 CAM2 |electrical panel

14:56:37 CAM3 |all check

14:56:38 CAM2 |cargo heat

14:56:38 CAM3 |normal

14:56:38 CM1 |leading edge extended and prepared aircraft for taxi see
your signal bye bye

14:56:39 CAM2 |hydraulic system

14:56:39 CAM3 |[check

14:56:43 MAINT |yes sir -- bye bye

14:56:44 PRAM |-l 28 3R--:% 4 3% 242 2 | —(transmitter.. remote control
devices are prohibited at all time)

14:56:45 CAM2 |after start check list complete

14:56:47 CAM |(unidentified sound)

14:56:48 CAM |(unidentified sound)

14:56:50 CAM |(sound similar to electric seat motor)
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Local Time

. SOURCE CONTENT
(radar time)

14:56:54 CAM |(unidentified sound)

14:57:02 CAM  |--

14:57:06 RDO2 |[taipei dynasty six one one taxi

14:57:09 GND |dynasty six one one taxi via taxiway sierra sierra hold
short taxiway sierra five

14:57:10 CAM |(sound similar to parking brake release)

14:57:15 RDO2 |taxi via sierra sierra hold short sierra five dynasty six one
one

14:57:20 CAM2 |sierra papa T @ — {4 (nextturn)

14:57:21 GND  |(conversation with BR 2196)

14:57:23 CAM |-

14:57:26 | BR 2196 |(conversation with TPE GND)

14:57:30 CAM1 [taxi items flight controls

14:57:33 CAMS3 |ya left -- right one down

14:57:36 CAM3 |left -- down right two up two down two up

14:57:38 Cl 031 |(conversation with OPS)

14:57:42 CAM1 |rudder

14:57:44 CAM3 (full left full right neutral

14:57:45 Cl1 031 |(converation with OPS)

14:57:48 CAM |(sound similar to seat motor)

14:57:48 OPS |(conversation with CI 031)

14:57:49 CAM1 |taxi check list please

14:57:50 Cl1 031 |(conversation with OPS)

14:57:56 OPS |(conversation with Cl 031)

14:57:56 Cl1 031 |(conversation with OPS)

14:57:57 CAM1 |taxi check list

14:57:58 CAM3 [check list

14:58:04 CAM3 (flight instruments

14:58:05 CAM1 |check

14:58:06 CAM2 |check

14:58:07 CAM3 (flight controls

14:58:08 CAM1 |check

14:58:08 CAM2 |check

14:58:10 CAM3 |flaps

14:58:11 CAM1 |twenty twenty green
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Local Time

. SOURCE CONTENT
(radar time)

14:58:12 CAM2 |twenty twenty green

14:58:13 CAM3 [|twenty twenty green

14:58:15 CAMS3 |trim

14:58:16 CAM1 [four zero zero

14:58:18 NX628 |(conversation with TPE GND)

14:58:19 CAM2 [four zero zero

14:58:20 CAM3 |ok apu out

14:58:22 CAM3 |adp check

14:58:22 GND |(conversation with NX628)

14:58:23 CAM3 |brake temp check

14:58:24 CAM3 [taxi check completed

14:58:25 CAM1 |thank you

14:58:28 CAM1 |takeoff briefing

14:58:29 CAM2 |okay

14:58:30 CAM2 |okay after takeoff maintain runway heading until number
two dme w2 (four nautical miles )

14:58:31 NX628 |(conversation with TPE GND)

14:58:36 CAM2 |A#H=F3#, (leftturn 235 to intercept)

14:58:37 CAM1 |number one dme

14:58:38 CAM2 |oh number one dme

14:58:38 GND  |(conversation with BR 2196)

14:58:42 | BR 2196 |(conversation with TPE GND)

14:58:43 CAM2 |w;2 A & = A A B3 H >~ (four nautical miles left
turn 235 to intercept APU 260 )

14:58:46 CAM  |(unidentified sound similar )

14:58:47 CAM2 |%] (to) jessy after jessy direct #| (to) chali &/,

(Makung )

14:58:52 CAM2 |#1r8y % —Bs2L B (our first waypoint change to ) jessy

14:58:54 CAM1 |Jessy

14:58:55 CAM2 | % =2 (second waypoint) chali

14:58:55 GND |dynasty six one one continue taxi via taxiway whiskey
charlie sierra papa to runway zero six

14:58:57 CAM |(unidentified sound)

14:59:02 RDO2 |via whiskey charlie sierra papa to runway zero six

dynasty six one one
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Local Time

. SOURCE CONTENT
(radar time)

14:59:06 CAM1 |— & & (straight forward )

14:59:10 CAM2 (transition is

14:59:11 CAM3 |5 — T ZRAe#/EH# (later who will make passenger
announcement )

14:59:12 FA cabin attendant complete safety check

14:59:13 CAM1 |—# R (ten thousand feet)

14:59:15 | CAM3 |#H AR KB RAKRL T (letme doit I will doit)

14:59:16 CAM3 |5 —FRKA &EH (later make the announcement
before take off )

14:59:18 CAM2 |okay # #ia] (before take off )

14:59:20 CAM3 |#& RV REH ST (we seldom fly easy to forget )

14:59:22 CAM2 |HAEs AL AT i@ L CM2 &4 (Now it changed to
CM2 making all passenger announcement before take
off)

14:59:24 CAM3 |R %% %% (yes have to announce )

14:59:28 CAM3 |LR#®ET—R ------ @& (lasttime we forgot---
forgot )

14:59:35 CAM1 |# & X-- (fly often yet--)

14:59:36 CAM3 %% ——=wx ¥ A% (how many planes one two
three four five the fifth )

14:59:39 CAM3 |¥F X & % ¥ty (ok one landing again )

14:59:41 CAM1 |3 #Aewy % —%2--75 - (the second test flight—six one- )

14:59:43 CAM3 |X A %3bty —=—=%w% (another landing again one
two three the fourth )

15:00:09 CAM3 [(sound of cough)

15:00:19 CAM1 |FME4REH#E arm (that you set at arm )

15:00:21 CAM2 |#k ¥4+ 1+ & (oh right ok at position )

15:00:25 CAM2 |#F & A—% (‘sounds a little louder )

15:00:26 CAM1 |2 Fi14% -- (no problem )

15:00:42 Cl 666 |(conversation with OPS )

15:00:43 FA 48 B % & (cabin crew please be seated )

15:00:46 CAM2 |whiskey Charlie

15:00:48 CAM |(sound similar to high low chime)

15:00:48 OPS |(conversation with Cl 666)

15:00:50 Cl 666 |(conversation with OPS )
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Local Time

. SOURCE CONTENT
(radar time)

15:00:50 CAM |(sound similar to handset being removed from cradle)

15:00:52 CAM3 |33 (goahead) thank you cabin ready

15:00:55 CAM |(sound similar to handset being returned to cradle)

15:00:56 OPS |(conversation with Cl 666)

15:01:01 CAM |(unidentified sounds)

15:01:20 CAM |(sound similar to yawn)

15:01:25 CAM |(sound similar to cough)

15:01:33 CAM |(unidentified sounds)

15:01:38 GND |dynasty six one one contact tower one one eight point
seven good day

15:01:42 RDO2 |one eighteen seven dynasty six one one good day
ma'am.

15:01:47 CAM |(sound similar to switch being rotated)

15:01:47 TWR |(conversation with BR 817)

15:01:52 BR 817 |(conversation with TPE TWR)

15:01:56 RDO2 |taipei good afternoon dynasty six one one on sierra
papa

15:02:00 TWR |dynasty six one one taipei tower hold short runway zero
SiX

15:02:03 RDO2 |hold short runway zero six dynasty six one one

15:02:16 CAM |(unidentified sounds)

15:02:22 TWR |(conversation with GE 354)

15:02:28 GE 354 |(conversation with TPE TWR)

15:02:42 TWR |(conversation with BR 817)

15:02:46 BR 817 |(conversation with TPE TWR)

15:03:01 ClI 196 |(conversation with TPE TWR)

15:03:07 TWR |(conversation with Cl 196)

15:03:18 ClI 196 |(conversation with TPE TWR)

15:03:28 CAM |-

15:03:32 CAM |(unidentified sounds)

15:03:43 CAM |(unidentified sounds)

15:04:12 CAM |(sound similar to seat motor)

15:04:21 TWR |(conversation with BR 2196)

15:04:26 | BR 2196 |(conversation with TPE TWR)

15:04:44 TWR |(conversation with GE 354)
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Local Time

. SOURCE CONTENT
(radar time)

15:04:50 GE 354 |(conversation with TPE TWR)

15:04:52 CAM |(unidentified sounds)

15:05:09 TWR |(conversation with BR 2196)

15:05:17 | BR 2196 |(conversation with TPE TWR)

15:05:31 CX 466 |(conversation with TPE TWR)

15:05:36 TWR |(conversation with CX 466)

15:05:46 CX 466 |(conversation with TPE TWR)

15:05:49 TWR |dynasty six one one runway zero six taxi into position
and hold

15:05:52 CAM |(sound similar to handset being removed from cradle)

15:05:52 CM3 |[cabin crew please be seated for takeoff

15:05:53 RDO2 |into position hold runway zero six dynasty six one one

15:05:56 CAM |(sound similar to handset being returned to cradle)

15:05:58 CAM1 |before takeoff items

15:05:59 CAM |(sound similar to seat motor)

15:06:00 FA B E B AR A A RFRAE R 0 R 2T At
#t ladies and gentlemen we are ready for take off please
make sure that your seatbelt is securely fastened

15:06:06 CAM |(unidentified sounds)

15:06:08 CAM1 |before takeoff check list

15:06:11 CAM3 |okay cabin report received takeoff data

15:06:14 CAM1 |confirmed

15:06:15 CAM2 |confirmed

15:06:15 CAM3 |confirmed ignition flight start transponder

15:06:18 CAM2 |on

15:06:18 CAM3 |[fuel panel set two packs on

15:06:23 TWR |(conversation with BR 2196)

15:06:28 | BR 2196 |(conversation with TPE TWR)

15:06:24 CAM |(sound similar to cough)

15:06:40 CAM3 |body gear steering

15:06:40 CAM |(sound similar to switch movement)

15:06:41 CAM1 |disarm

15:06:42 CAM3 |annunciator lights

15:06:43 CAM1 |check

15:06:44 CAM2 |check
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Local Time

. SOURCE CONTENT
(radar time)
15:06:44 CAM3 |[check
15:06:45 CAM3 [runway identification
15:06:46 CAM1 |identification check
15:06:47 CAM3 |[check
15:06:47 CAM2 |check
15:06:48 CAM3 [takeoff clearance standby
15:06:51 CAM |(unidentified sounds)
15:06:53 CAM |(sounds similar to seat motor)
15:07:10 TWR |dynasty six one one runway zero six wind zero five zero
at niner cleared for takeoff
15:07:16 RDO1 |cleared for takeoff dynasty six one one
15:07:18 CAM3 |okay received takeoff clearance
15:07:20 CAM1 |takeoff
15:07:21 CAM3 |takeoff checklist complete
15:07:23 CAM |(sound similar to engine noise increasing)
15:07:34 CAM3 |takeoff thrust set
15:07:35 CAM1 |check
15:07:44 CAM1 |eighty
15:07:45 CAM2 |check
15:07:52 CAM1 |vee one
15:07:56 CAM1 |rotate
15:07:57 CAM |(unidentified sounds)
15:08:01 CAM |(sound similar to landing gear unlock retract solenoid)
15:08:02 TWR |(conversation with CX 466)
15:08:07 CX 466 |(conversation with TPE TWR)
15:08:03 CAM1 |positive rate
15:08:04 CAM2 |gears up
15:08:06 CAM |(sound similar to gear lever movement)
15:08:07 CAM2 lias
15:08:08 CAM1 lias
15:08:17 CAM |(unidentified sound)
15:08:19 TWR |(conversation with Cl 196)
15:08:25 ClI 196 |(conversation with TPE TWR)
15:08:32 TWR |dynasty six one one contact taipei approach one two five

point one good day
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Local Time

. SOURCE CONTENT
(radar time)

15:08:36 RDO1 |good day

15:08:37 APP |(conversation with Cl 682)

15:08:41 C1682 |(conversation with TPE APP)

15:08:43 APP |(conversation with B7 303)

15:08:46 CAM2 [climb thrust vertical speed one thousand

15:08:49 B7 303 |(conversation with TPE APP)

15:08:51 APP  |(conversation with B7 303)

15:08:53 RDO1 |taipei approach dynasty six one one airborne passing
one thousand six hundred

15:08:57 APP |dynasty six one one taipei approach radar contact climb
and maintain flight level two six zero cancel flight level
two zero zero restriction

15:09:04 RDO1 |reclear two six zero cancel two zero zero restriction
dynasty six one one

15:09:07 CAM3 |climb power set

15:09:09 APP  |(conversation with 5X 6884)

15:09:09 CAM2 |okay flap five flap ten

15:09:11 CAM |(sound similar to flap lever movement)

15:09:12 | 5X 6884 |(conversation with TPE APP)

15:09:17 CAM3 |ten ten

15:09:18 CAM2 (flap five

15:09:19 CAM |(sound similar to seat motor)

15:09:21 CAM1 (five

15:09:21 CAM  |(sound similar to flap lever movement)

15:09:23 CAM2 |LA#H =% (leftturn two three five )

15:09:26 CAM3 [five five

15:09:34 CAM2 (flap one

15:09:36 APP  |(conversation with EF 032)

15:09:36 CAM |(sound similar to flap lever movement)

15:09:40 EF 032 |(conversation with TPE APP)

15:09:49 APP |(conversation with Cl 321)

15:10:00 Cl 321 |(conversation with TPE APP)

15:10:07 APP |(conversation with Cl 652)

15:10:10 Cl1 652 |(conversation with TPE APP)

15:10:10 CAM3 |one one green
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Local Time

. SOURCE CONTENT
(radar time)

15:10:10 CAM1 |one one green

15:10:11 CAM2 |okay flap up

15:10:13 CAM |(sound similar to flap lever movement)

15:10:19 APP |(conversation with EF 032)

15:10:21 CAM3 |up up light out

15:10:23 EF 032 |(conversation with TPE APP)

15:10:30 CAM3 |(sound similar to seat motor)

15:10:34 APP  |dynasty six one one proceed direct to chali resume own
navigation

15:10:38 RDO1 |proceed direct chali resume own navigation dynasty six
one one

15:10:42 CAM2 |% =2 (‘second waypoint )

15:10:47 CAM |-

15:10:49 APP  |(conversation with Cl 652)

15:10:51 CAM2 |ias

15:10:53 Cl1 652 |(conversation with TPE APP)

15:10:57 CAM |(sound similar to seat motor)

15:11:04 Cl 321 |(conversation with TPE APP)

15:11:08 APP  |(conversation with Cl 321)

15:11:11 Cl1 321 |(conversation with TPE APP)

15:11:13 APP |(conversation with EF 032)

15:11:16 CAM2 |autopilot b engage

15:11:19 CAM |(sound similar to autopilot engage switch)

15:11:20 EF 032 |(conversation with TPE APP)

15:11:22 CAM3 |#& A R E %~ (when did we take off )

15:11:24 CAM1 |Frers TeR AR A& (I forgot to write down the time,
zero seven was it )

15:11:27 CAM2 |/A/\ (zero eight)

15:11:30 APP |(conversation with EF 032)

15:11:31 CAM2 [|iZ#ZF/\ (that should be zero eight )

15:11:32 APP  |(conversation with BR 2196)

15:11:36 CAM |(unidentified sounds)

15:11:37 | BR 2196 |(conversation with TPE APP)

15:11:40 APP  |(conversation with BR 2196)

15:11:52 CM3 |[cabin crew service check please
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Local Time

. SOURCE CONTENT
(radar time)
15:11:54 CAM |(sound similar to handset being returned to cradle)
15:12:01 CAM3 (flight operation --
15:12:03 RDO3 |[taipei dynasty operation six one one
15:12:08 CAM |(sound similar to cough)
15:12:11 OPS |-- go ahead
156:12:12 RDO3 |[six one one taipei zero six five zero diagonal zero eight
hongkong zero eight two eight
15:12:15 APP  |(conversation with Cl 682)
15:12:18 OPS [six one one roger zero six five zero diagonal zero eight
hongkong zero eight two eight nice flight
15:12:25 CM3  |3#t#t (thanks you)
15:12:28 CAM2 |3:R—TF (‘announce ) cabin service check
15:12:30 Cl1 682 |(conversation with TPE APP)
15:12:30 | CAM3 |2«&#®& T (/did)
15:12:31 CAM2 |— & R (ten thousand feet) check i& T (already)
15:12:39 CAM2 |one zero one tree
15:12:47 APP |(conversation with Cl 652)
15:12:51 Cl1 652 |(conversation with TPE APP)
15:12:55 CAM |(sound similar to autopilot mode selection movement)
15:12:55 CAM2 | speed
15:12:57 SQ984 |(conversation with TPE APP)
15:13:01 APP  |(conversation with SQ984)
15:13:13 SQ984 |(conversation with TPE APP)
15:13:28 | BR 1852 |(conversation with TPE APP)
15:13:35 APP  |(conversation with BR 1852)
15:13:46 | BR 1852 |(conversation with TPE APP)
15:14:00 | ALL_TK |(no signal for 0.3 seconds)
15:14:02 Cl1 196 |(conversation with OPS )
15:14:07 CAM |(unidentified sounds)
15:14:07 OPS |(conversation with CI 196)
15:14:09 Cl1 196 |(conversation with OPS )
15:14:11 C1 682 |(conversation with TPE APP)
15:14:15 APP |(conversation with Cl 682)
15:14:19 Cl1 682 |(conversation with TPE APP)
15:14:21 APP  |(conversation with Cl 682)
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Local Time

. SOURCE CONTENT
(radar time)

15:14:26 | PRAM |&M 7 EFER2THHEFECLIGRT (ladies and
gentlemen the seat belt sign has been turned off )

15:14:34 CAM |(sound similar to seat motor)

15:14:52 APP |(conversation with EF 032)

15:15:02 EF 032 |(conversation with TPE APP)

15:15:19 APP  |(conversation with SQ984)

15:15:23 SQ984 |(conversation with TPE APP)

15:15:27 APP  |(conversation with BR 1852)

15:15:30 | BR 1852 |(conversation with TPE APP)

15:15:41 | VOLMET |(hongkong weather report)

15:15:46 APP  |(conversation with Cl 652)

15:15:57 Cl1 652 |(conversation with TPE APP)

15:16:06 APP |dynasty six one one contact taipei control one two six
point seven

15:16:10 RDO1 |one two six seven dynasty six one one

15:16:18 RDO1 |taipei control dynasty six one one passing level one
eight seven continue two six zero

15:16:24 ACC |dynasty six one one taipei control ident climb and
maintain flight level tree five zero from chali direct kadlo

15:16:30 CAM |(sound similar to seat motor)

15:16:31 RDO1 |from chali direct to kadlo recleared tree five zero dynasty
six one one

15:16:35 CAM3 |&# (hong kong)

15:16:37 CAM2 |thank you

15:16:38 CAM1 |- FT—2% (‘next waypoint) -- kadlo --

15:16:41 CAM2 |% =242t —F (we change the third waypoint)

15:16:42 CAM3 |- wZ&#iE (runway two five )

15:16:43 CAM2 |% =2k % (the third waypoint changed to ) kadlo

15:16:55 CAM |- &% (via) --

15:16:58 CAM1 |= & & (thirty-five thousand )

15:16:58 CAM2 |—=—%-+= (two two five seven three )

15:17:05 CAM |4 4/ \==% (one one eight three two five )

15:17:11 CAM2 |4 4/ \==% (one one eight three two five )

15:17:16 CAM |Okay

15:17:22 CAM1 |® /\JRRE N\ W AIE (two eight zero zero eight runway)
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Local Time

. SOURCE CONTENT
(radar time)

two five )

15:17:24 CAM2 |WwZ#:8 (runway two five )

15:17:24 CAM |-

15:17:25 CAM3 |\ Az F@m#RA (runway two five is shown here )

15:17:28 CAM2 |% /& BE (how many degrees in temperature )

15:17:30 CAM3 |:&E =+ \ (temperature twenty-eight )

15:17:30 CAM2 |=—+A\#t# (twenty-eight thank you )

15:17:31 CAM |24 :®R/A -- (one zero zero)

15:17:36 CAM1 |thank you

15:17:55 CAM |(sound similar to singing)

15:18:28 CAM |(unidentified sounds)

15:18:35 CAM |(unidentified sounds)

15:18:58 CAM1 |- Z direct 4 ¥ (directis correct )

15:19:01 CAM  |--

15:19:02 CAM2 |- #hizskF--FR# & chali #|--(that’s it that’s from chali
to )

15:19:06 CAM |(unidentified sound)

15:19:07 CAM2 |R:iB%k %%V mi2-- (from the other end | see five
nautical miles short )

15:19:16 CAM |(sound similar to singing)

15:19:27 CAM |(unidentified sounds)

15:19:50 CAM |(sound similar to singing)

15:20:18 EF 126 |(conversation with TPE ACC)

15:20:24 ACC |(conversation with EF 126)

15:20:27 EF 126 |(conversation with TPE ACC)

15:20:31 B7 608 |(conversation with TPE ACC)

15:20:34 CAM |(unidentified sounds)

15:20:35 ACC |(conversation with B7 608)

15:20:38 B7 608 |(conversation with TPE ACC)

15:20:40 ACC |(conversation with B7 608)

15:20:53 CAM |(sound similar to signal interference)

15:21:03 CAM |(sound similar to signal interference)

15:21:04 CAM |(sound similar to signal interference)

15:21:07 CAM |(sound similar to signal interference)

15:21:07 CAM |(sound similar to signal interference)
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Local Time

. SOURCE CONTENT
(radar time)

15:21:11 CAM |(sound similar to signal interference)

15:21:14 CAM |(sound similar to signal interference)

15:21:50 CAM3 |okay its okay

15:21:51 CAM1 |thank you

15:21:51 | TRACK2 |(unidentified sound similar to squelch break)

15:21:54 | TRACK2 |(unidentified sound similar to squelch break)

15:22:00 | TRACK2 |(unidentified sound similar to squelch break)

15:22:06 | TRACKZ2 |(unidentified sound similar to squelch break)

15:22:10 | TRACKZ |(unidentified sound similar to squelch break)

15:22:13 | TRACKZ |(unidentified sound similar to squelch break)

15:22:17 GE 536 |(conversation with TPE ACC)

15:22:21 MFXXX |(conversation with another unknown flight until 00:27:20)

15:22:22 CAM  |(unidentified sound)

15:22:24 ACC |(conversation with GE 536)

15:22:29 GE 536 |(conversation with TPE ACC)

15:22:43 CAM2 |®m & -- (two five)

15:23:03 CAM2 |/ -- #t3#t (two-- thanks )

15:23:07 CAM1 |thank you

15:23:08 CAM |(unidentified sound)

15:23:14 CAM2 | %) atis sa%% B R FA— 2 KAt direct % A\ H 25
Ao £ & R AL (after receiving atis then adjust
most likely direct to waypoint eight waypoint seven no
need if using two five )

15:23:20 ACC |(conversation with B7 608)

15:23:24 B7 608 |(conversation with TPE ACC)

15:23:27 ACC |(conversation with BR 817)

15:23:31 BR 817 |(conversation with TPE ACC)

15:23:34 ACC |(conversation with TG 7078)

15:23:40 | TG 7078 |(conversation with TPE ACC)

15:23:42 ACC |(conversation with AE271)

15:23:47 AE271 |(conversation with TPE ACC)

15:24:10 CAM |(unidentified sound)

15:24:52 ACC |(conversation with B7 608)

15:24:55 B7 608 |(conversation with TPE ACC)

15:24:56 CAM |(sound similar to yawn)
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Local Time

. SOURCE CONTENT
(radar time)
15:26:16 ACC |(conversation with EF 126)
15:26:21 EF 126 |(conversation with TPE ACC)
15:26:24 ACC [(conversation with EF 126)
15:26:25 CAM1 |two thousand
15:26:27 EF 126 |(conversation with TPE ACC)
15:26:32 XX 057 |(conversation with XX FOC)
15:26:36 ACC |(conversation with EF 126)
15:26:39 EF 126 |(conversation with TPE ACC)
15:26:40 | XX FOC |(conversation with XX 057)
15:26:43 XX 0587 |(conversation with XX FOC)
15:26:50 | XX FOC |(conversation with XX 057)
15:26:54 XX 057 |(conversation with XX FOC)
15:27:00 | XX FOC |(conversation with XX 057)
15:27:06 CX 418 |(conversation with TPE ACC)
15:27:09 ACC [(conversation with CX 418)
15:27:16 CAM |(unidentified sounds)
15:27:33 CAM  |(unidentified sound)
15:27:37 ACC [(conversation with EF 126)
15:27:39 CAM |(sound similar to altitude alert)
15:27:40 CAM |(unidentified sounds)
15:27:40 EF 126 |(conversation with TPE ACC)
15:27:46 CAM |(unidentified sound)
15:28:03 CAM  |(unidentified sound, end of CVR)
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Appendix 10 CI611 CVR Sound Signature
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Appendix 11 CI611 FDR Parameter List

53



Time 1/768 sec 1
5 Pressure Altitude Course 132.17 Ft 23 (S/F 1)
Pressure Altitude Fine 4.88 Ft 5
3 Airspeed (IAS) 0.56 Knots 19
_ , 13, 29, 45,
4 Vertical acceleration 0.00916 G 61
5 Longitudinal acceleration 0.00195 G 2,18, 34, 50
_ 15, 31, 47,
6 Lateral acceleration 0.00195 G 63
7 Magnetic Heading 0.352 deg 3
8 Pitch 0.352 deg 51
9 Roll 0.352 deg 17
10 Control Column Position (CCP) 0.031 deg 41
11 Control Wheel Position (CWP) 0.797 deg 9
Engine Pressure Ratio (EPR)
EPR No.1 0.01 % 33 (S/IF 1)
12 EPR No.2 0.01 % 33 (S/F 2)
EPR No.3 0.01 % 33 (S/F 3)
EPR No.4 0.01 % 33 (S/F 4)
Flap position — L.E. (Extended R set 2)
Flap L.E. Extended R#1 11 (bit 1)
Flap L.E. Extended R#2 28 (bit 1)
Flap L.E. Extended R#3 Discrete value 43 (bit 1)
13 Flap L.E. Extended R#4 EXT= Extended 59 (bit 1)
Flap L.E. Extended L#1 NOT= Not Extended | 63 (bit 1)
Flap L.E. Extended L#2 29 (bit 1)
Flap L.E. Extended L#3 8 (bit 1)
Flap L.E. Extended 2#4 17 (bit 1)
. Non-Linear
14 Flap Position — T.E. (R. Inboard) 39 (S/F 1,3)
Parameter
Horizontal Stabilizer Position (Pitch
15 _ 0.044 deg 55 (S/IF 1,3)
Trim)
16 Rudder Pedal Position 0.127 deg 27,59
Thrust Reverser Position Discrete value
18 T/R in-transit ENG 1 Transit = Transit 22
T/R in-transit ENG 2 Not = Not Transit 51
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T/R in-transit ENG 3 45
T/R in-transit ENG 4 41
T/R Unlock ENG 1 Unlock= Unlock 7 (S/IF 1)
T/R Unlock ENG 2 Not = Not Unlock 7 (SIF 2)
T/R Unlock ENG 3 7 (S/F 3)
T/R Unlock ENG 4 7 (S/IF 4)
Discrete value
19 VHF 1, 2,3 Transmitter Keying KEY= Keyed 9
OFF= No Keyed
Discrete value 15
20 HF 1, 2 Transmitter Keying KEY= Keyed
OFF= No Keyed
21 Angle of Airflow 0.352 deg 11,43

55




Appendix 12 CIl611 FDR Plots
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Figure 1 | FDR data plots of ClI611 (entire flight, digital parameters)
Figure 2 | FDR data plots of CI611 (entire flight, with discrete signals)
Figure 3 | FDR data plots of CI611 (pre-flight section with CVR transcripts)
Figure 4 | FDR data plots of Cl611 (Taxi section with CVR transcripts)
Figure 5 | FDR data plots of Cl611 (takeoff section with CVR transcripts)
, FDR data plots of Cl611 (pass though 18,000 ft with CVR
Figure 6 ,
transcripts)
Figure 7 FDR data plots of CI611 (during 22,000 ft and 28,000ft, with
CVR unidentified sound and interference signal)
Figure 8 FDR data plots of CI611 (during 25,000 ft and 28,000ft, with
CVR signal interference)
Figure 9 DR data plots of C1611 (during 27,000 ft and 32,000ft, with CVR
squelch signal)
Figure 10 FDR data plots of Cl611 (during 32,000 ft and 35,000ft, with
CVR unidentified sound)
, FDR data plots of Cl611 (last 30 seconds, with CVR unidentified
Figure 11

sound)
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Appendix 14 System Component Test Report
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EQA 8814R

EQUIPMENT QUALITY ANALYSIS REPORT

BOEING COMMERCIAL AIRPLANES

SUBJECT: Examination of Components Related to the Cabin
Pressure Control System.

IDENTIFICATION: A detailed identification of the submitted parts is listed in their
respective, individual sections.

REFERENCE: (a) Telex: B-H200-AB-456-ASI, dated 25 May, 2002.

THE INFORMATION SET FORTH IN THIS REPORT IS THE SOLE PROPERTY OF
THE BOEING COMPANY. IT IS BEING PROVIDED TO THE RECIPIENT FOR
INFORMATIONAL OR CORRECTIVE ACTION PURPOSES ONLY. ANY OTHER USE
OR DISCLOSURE, WITHOUT THE WRITTEN PERMISSION OF THE BOEING
COMPANY, IS PROHIBITED.

BACKGROUND:

In support of the Aviation Safety Council (ASC), (Taiwan), and the National
Transportation Safety Board (NTSB) investigation into the China Airlines 747-200
accident near Makung, Taiwan on May 25, 2002, a request was made to examine
components recovered from the accident site. The initial request for evaluation
included the following items: two pressure relief valves, a cabin pressure selector
panel, a pack control panel, and the cabin altitude indicator.
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SUMMARY:

A detailed examination of all of the components submitted was conducted and
documented. The observations were noted in the examination section for each
specific component or sub-component with any findings listed. At the request of the
Taiwan ASC, the Flight Engineer's oxygen control switch was submitted for further
metallurgical analysis. The results of that examination have not yet been received
but will be forwarded as an addendum to this report.

All text in blue font is extracted from the original proposed test plan as submitted by
the NTSB to the ASC and inserted into this report for reference purposes.

The following is a general list of observations extracted from the detailed
examinations contained in this report.

Item A. Flight Engineer’s Cabin Pressure Control Selector Panel (module M181):
1. MODE SELECT switch was in MAN (manual) mode.
2. The ALTITUDE tape was delaminated and partially missing.
3. Both OUTFLOW VALVES indicators’ needles were found detached from their
respective internal armature/wiper attachment mechanisms during
disassembly.

Item B. Air Conditioning (Pack Control) Panel (module M170):
1. The three PACK VALVES switches were in the OFF position.
2. Engine numbers 1 and 2 BLEED AIR switches were in the OFF position.
3. Engine numbers 3 and 4 BLEED AIR switches were in the ON position.

Item C. Cabin Altitude Pressure Panel (module M188):
1. Cabin Altitude indicator reads 13,765 +/- 5.
2. Cabin Altitude indicator’s internal bellows are fractured.
3. Vertical Speed Indicator’s needle frozen at 500 FPM.
4. Differential Pressure Indicator needle at less than zero.

Item D. Flight Engineer’s Panel (modules M179, M183, M184 & M557):
1. Oxygen control panel, (module M183):
a. Passenger OXY needle at 700 psi. (was disconnected from its
driving rod either during or before disassembly).
b. PASSENGER OXYGEN control switch in NORM position. Switch is
functional.
c. Switch guard breakaway wire is broken.
d. Switch guard is damaged with portion missing.
2. Clock (module M184):
a. Clock reads 0722.

Item E. Pressure Relief Valves:
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1. Both sets of flapper doors (upper and lower for both valves) and some
hinge pins are missing. The Lower Pressure Relief Valve was no longer
attached to the structure. The structure between the upper and lower
valves was buckled outward.

2. It cannot be determined conclusively whether the flapper doors were in the
open or closed position at or prior to impact.

COMPONENTS AS RECEIVED:

The following pictures document the components after they were unpackaged at the
Boeing Equipment Quality Analysis (EQA) facility. See figures 1 through 5.

Figure 1: Section of Flight Engineer’s Panel
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Figure 3: Flight Engineer’s Cabin
Altitude Pressure Module

Figure 2: Flight Engineer’s Cabin Pressure Control
Selector Panel

Figure 5: Pressure Relief Valves
Figure 4: Unidentified Items

EXAMINATION and TEST RESULTS:

As received, the components were individually identified, photographed and visually
and microscopically examined for any anomalies or features of note. Testing was
limited to that which is described for the individual sections. For the purposes of this
report, the results of the examination and tests are presented per individual
component or subcomponent in the following order:

Item A. Cabin Pressure Control Selector Panel (Module M181) — page 5.

Item B. Air Conditioning (Pack Control) Panel (Module M170) — page 13.

Item C. Cabin Altitude Pressure Panel (Module M188) — page 21.

Item D. Flight Engineers Panel (Modules M179, M183, M184, M557) — page 27.
Item E. Pressure Relief Valves (Upper and Lower) — page 33.

Item F. Example Pressure Relief Valve (Hamilton-Sundstrand, supplied for
comparison out of their rotable stock) — page 74.

Item G. Unidentified Items (not examined during this analysis) — page 78.
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ITEM A.
Identification: Flight Engineer’s Cabin Pressure Control Selector Panel (M181)
Supplier: Hamilton Sundstrand
Boeing P/N: 60B00025-16
Supplier P/N: 710298-5
S/N: DJ19821
Date Code: F/T 01-07-85
Model Number: PSL101-1

Modification Number: P19/26
Boeing Module Number: M181

* Note1: Part names were taken from the Hamilton Sundstrand Overhaul Manual # 21-31-01
Revision, April 1, 2002. Panel descriptions and module numbers were taken from the
Boeing 65B46006 drawing (description of the Flight Engineer's Panels). The following
diagram, Figure 6, shows a comparative representation of the face of a reference panel.
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Figure 6: Representative illustration of the Flight Engineer’s Cabin
Pressure Control Selector Panel - (front view)

Figure 7: Flight Engineer’s Cabin Pressure Control Selector
Panel - (front view)

Observations:

e Deformation of chassis face.

e The light plate is deformed, delaminated and fractured. Front lamination is
missing from more than 50% of the selector panel’s light plate.

e MODE SELECT switch knob, in upper left of panel, is missing (red arrow).

e The RATE select knob, in lower left of panel, is missing (yellow arrow).
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e The MODE SELECT switch knob is bent to the right and the flat index on the
switch is slightly rotated clockwise from the horizontal.

e The RATE select switch’s potentiometer shaft (on lower left — yellow arrow), is
broken off.

e The FLT CABIN knob is still attached to the shaft and bent upward (blue arrow).

e The ALTITUDE PASS, altitude scale tape indications have delaminated and
approximately 75% are missing.

e The BARO SET, scale tape indications are missing.

e The right half of the BARO SET scale tape indication is mostly intact and indicates
a setting slightly below 1014 millibars.

e OUTFLOW VALVES position indicators are both showing needle positions slightly
below 9 O’clock (upon initial observations prior to taking photograph, fig. # 7).

e When unit is shaken up and down the LEFT, OUTFLOW VALVES indicator pointer
moves freely.

e The outflow valves, right MANUAL CONTROL switch’s toggle is bent to the right.

e The outflow valves, left MANUAL CONTROL toggle switch can mechanically be
operated to the open or closed positions and returns to the center position.

e The outflow valves, right MANUAL CONTROL switch can be moved to the open or
closed positions but will not consistently return to the center position.

e The BARO SET knob appears to be aligned correctly (not bent).

e The BARO SET knob cannot be manually turned.

Figure 8: Flight Engineer’s Cabin Pressure Control Selector Panel - (back view)
e J3 connector (right) misaligned due to deformation of rear chassis. Both
connector (J3 and J4) pins are intact.
e  Both connectors show contamination around multiple connector pins.
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Figure 9: Flight Engineer’s Cabin
Pressure Control Selector Panel -
(top view)

e Deformation of the face
of the chassis.

e Broken spot welds and
separation of face of
chassis (lower right).

e  Sedimentary deposits
deposited throughout
unit.

e  Corrosion noted in
multiple locations on
multiple components.

e Slight deformation of
rear chassis panel at
the J3 plug (lower left).

e Flight ALTITUDE
selection tape
delaminated and partly
missing.

Figure 10: MODE SELECT Rotary Switch
e Rotary switch shaft slightly
separated from front of
chassis.
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Figure 11: Flight Engineer’s Cabin
Pressure Control Selector Panel —
(bottom view)
e Deformation of the face of
the chassis.
e Sedimentary deposits
deposited throughout unit.
e  Corrosion noted in multiple
locations on multiple
components.

Figure 12: Flight Engineer’s Cabin
Pressure Control Selector Panel — (side
view - cabin pressure port side).
e Deposits noted inside the
sensor port.

¢ Nothing significant on other side of Selector Panel, (no photo).

Test results:

Electrical Continuity Tests - Performed through connector J3 pins (output of MODE
SELECT switch).

The tests were conducted using the reference Hamilton Sundstrand overhaul manual
diagram, Table 703. See the following test diagram, Figure 13.
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(1) Perform a continuity test shown in Table 703:

Table 703. Continuity Test

PIN NO. CHECK AUTO MANUAL MAN L MAN R
J3-17, J3-10 S S S
J3-17, J3-11 s
J3-17, J3-14 S
J3-15, J3-16 S S s S
J3-19, J3-20 s
J3-13, J3-3 S

NOTE: “S”indicates continuity between pins; otherwise an open circuit or
resistance as specified must exist.

(a) Continuity shall exist between the following points:
Pins J4-12 and J4-13; J4-11 and J3-21.

(b) Continuity shall exist between J3-15 and J3-16 during switching from Check to
Auto. Discontinuity must occur between J3-15 and J3-16 in the Manual position
and during switching from Manual Left to Manual Right.

Figure 13: MODE SELECT switch continuity table 703.

Results: Pins 17 to 10: closed
Pins 17 to 11: open
Pins 17 to 14: open
Pins 15 to 16: open
Pins 19 to 20: open
Pins 31to 13: open

Continuity tests suggest setting was in manual (MAN) select mode, not AUTO.
Confirmed wire continuity from J3 connector to rotary switch (S1)

Initial visual inspection of the (S1) rotary MODE SELECT switch (reference, Figure
7) could not confirm switch setting because the shaft was bent (therefore
inconclusive).

X-ray of rotary switch (S1) could not verify MODE SELECT switch setting due to
indistinguishable internal details.

Disassembly of MODE SELECT rotary switch confirmed switch was set in manual
(MAN) setting (Figure 14).
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Figure 14: Panel, MODE SELECT Rotary
Switch
e Internal contact position
verification (manual).

Figure 15: MODE SELECT Rotary Switch,
Stationary contacts, deck 3, #1-2-3 (left to
right).
e Contacts of rotary switch (S1),
deck 3, #1-2-3, Wear marks on
contacts appear to be normal.

Figure 16: Panel, OUTFLOW VALVES
Indicators.

Inspection of RIGHT, OUTFLOW VALVES Indicator (reference, Figure 16):

Internal surface of glass face: no impact evidence from needle as viewed from

Case removed to inspect glass from inside. No impact indication was evident on
the inside surface of the glass.

Inspection of LEFT, OUTFLOW VALVES Indicator (reference, Figure 16):

Internal surface of glass face: small surface anomaly observed as viewed from

Case removed to inspect glass from inside. What appeared to be an anomaly on
the inner side of glass was actually a debris deposit.
No impact indications from needle impact were noted.
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Figure 17: LEFT, OUTFLOW VALVES Figure 18: LEFT, OUTFLOW VALVES
Position Indicator witness mark Position Indicator showing witness mark
after moving armature.

e Moving armature/needle, mounting tab corresponds to a witness mark on
underlying base. This position corresponds to needle positioned at approximately
25% open. The armature was moved from its location in Figure 17 to display the
“witness” pattern underneath the movable armature, shown in Figure 18.

Figure 19: RIGHT, OUTFLOW Figure 20: RIGHT, OUTFLOW VALVES
VALVES Indicator; armature is over Indicator; armature moved to show
witness mark. witness mark.

e Armature/wiper member corresponds to witness marks on base at two places (at
both extreme ends of possible needle movement). It was inconclusive as to the
exact corresponding location of needle position.

e Both LEFT and RIGHT, OUTFLOW VALVES Indicators’ needles were detached
from armature/needle mounting tabs and loose within the housings.
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Figure 21: RIGHT, OUTFLOW VALVES
Position Indicator witness mark (right).

e There appeared to be two
“witness” marks on the
underlying base of this indicator.
The one on the left appeared to
be more distinct than the one on
the right.

Figure 22: Outflow Valves, MANUAL
CONTROL, OPEN & CLOSE toggle
switches as viewed from underneath.
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ITEM B.
Identification: Air Conditioning (Pack Control) Panel M170
Supplier: Boeing
Boeing P/N: Assembly 65B46118-70
Supplier P/N: none
S/N: 000343
Date Code: latest is July, 1976
Module Number: M170

Figure 23: Detail overview of
the M170 portion of the Flight
Engineer’s Panel.

Figure 23a: Representative
comparison drawing of the M170
portion of the Flight Engineer’s
panel.

£ —— ]

Proposed Plan - Pack Control Panel
Part numbers — 65B46118-70

e Investigation steps (from examination of 1 photo)
o Complete visual/microscope inspection and photo documentation.
e Verify pack valve and isolation valve switch positions by examination of flat
position on switch knob, switch keyway engagement to housing, x-ray of switch
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interior, resistance check of switch terminals, etc. (photo shows switches in
apparent “OFF” position)

Verify pack mode and bleed air switch positions by x-ray of switch interior,
resistance check of switch terminals, etc.

Any additional testing identified during teardown and examination.

The preceding test plan steps were accomplished with the exception of the following:

ISOLATION VALVES switch positions verified only by visual inspection of the
knob position.

BLEED AIR switches 3 & 4 were not verified by x-ray.

Electrical resistance testing provided inconclusive results presumably because of
the internal corrosion and deposits.

Note: Pack mode switches are not on this panel. The 3 PACK VALVES switches
were tested.

General Observations:

Panel is bent back on both sides of center area, then forward at left and right
edges.

Pack RESET button not attached to panel, hanging behind on wiring. Button
assembly heavily corroded on all metal surfaces.

Most of light plate is missing — portions of the light plate remain captured under
PACK VALVES and BLEED AIR knobs.

Left and right (packs 1 and 3) PACK TRIP lights intact on front panel. Center light
(pack 2) legend plate missing.

PACK VALVES knobs intact and apparently in OFF position. Shaft of left switch
(pack 1) found to be broken loose from switch assembly — shaft can be pulled
straight out.

Both bleed air ISOLATION VALVES knobs are intact and in the OPEN position.
Both left side OVERHEAT and both left side VALVE CLOSED bleed indication lights
are intact on the front panel.

Legend plates missing from both left side HIGH STAGE lights. Bulbs are missing
from left (engine 1) assembly. Right bulb, and left bulb cover are intact on engine
2 assembly.

Engine 1 and Engine 2 BLEED AIR knobs are in the OFF position. Engine 3 and
4, BLEED AIR knobs are in the ON position.

Legend plates missing from engine 3 and 4 HIGH STAGE lights. Engine 4 light
fixture separated from panel, but remains attached to wiring. Bulbs are missing
from engine 3, fixture. Right bulb and left bulb covers (and presumably left bulb)
are intact in fixture.

Engine 3, OVERHEAT and VALVE CLOSED light fixtures are intact.

Engine 4, OVERHEAT and VALVE CLOSED light fixtures are missing legend plates
and bulbs, and displaced as if by frontal impact. They remain attached by wiring.
ZONE 1, RECIRCULATING FANS toggle switch is bent to the right; switch position
unknown. ZONE 2, 3, and 4 toggles are in the ON position.

Several light panel bulbs are intact at various locations on panel.

General accumulation and corrosion on all unpainted metallic surfaces.

Duct dual pressure gage lens and needles are missing. No indication of pressure
apparent.
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o Identification on back of panel shows airplane RD551, assembly 65B46118-70.
Investigation shows airplane RD551 (converted to 747-200B freighter) is now out
of service.

e Back of panel has general accumulations and corrosion scattered throughout.
Most components are at various angles relative to the back of the panel. Most
wiring appears intact, with rust and corrosion on contacts.

PACK VALVES ON/OFF Switches:

Figure 24: PACK VALVES
switches, overview

A. PACK VALVES switch #1:
Equipment number:  S10

P/N: 44YY29134
Date code: 7708
Manufacturer: Grayhill Inc.

Figure 25a Figure 25b Figure 25¢

Figures 25a, 25b, 25c: X-rays of Pack Valve Switch #1
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Figure 26: Detail of switch #1 shaft.

e  Corrosion on all metallic parts

e Shaft can be pulled easily from
switch body.

Shaft is slightly bent relative to body.

All wiring is intact, but no continuity.

Terminals are significantly corroded.

No cracking is apparent in the switch

body.

e X-ray confirms that the valve-closed
electrical contacts are aligned with
each other.

e After removal of the switch, it was
noted that the indexing ring tab to
shaft was sheared or corroded away.

B. PACK VALVES switch #2:
Equipment number: S11

P/N: 44YY29134
Date code: 7708
Manufacturer: Grayhill Inc.

Figure 27a Figure 27b Figure 27c

Figures 27a, 27b, 27c: X-rays of Pack Valve Switch #2
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Figure 28: Detail view of switch #2, cracks in

the body.

e  Corrosion on all metallic parts

e  Minor cracking of the switch body.

e No continuity could be attained.

o All external wiring appears intact.

e X-ray confirms that the valve-
closed electrical contacts are
aligned with each other.

C. PACK VALVES switch #3:
Equipment number: S12
P/N: 44YY29134
Date code: 7708
Manufacturer: Grayhill Inc.

Figure 29a Figure 29b Figure 29c

Figures 29A, 29B, 29C: X-rays of Pack Valve Switch #3

Figure 30: Switch #3 body crack detail

Corrosion on all metallic parts
Severe cracking of the switch body.
No continuity could be attained.

All external wiring appears intact.
X-ray shows that the valve-closed
electrical contacts are not aligned
with each other. Misalignment
approximately 10 degrees. The
switch knob was not in the full closed
position.
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BLEED AIR Switches:

Figure 31: BLEED AIR switches
#1 & #2 overview

A. BLEED AIR switch #1:
Equipment number:
P/N: 44YY29133
Date code: 7543
Manufacturer: Grayhill Inc.

Figure 32: X-ray of Bleed Air Valve
Switch #1.

e X-ray confirms that both
sets of active electrical
contacts are aligned with
each other.
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Figure 33: Bleed Air Switch #1
e Displaced nut
e Knob in OFF position
e Rear mounting nut has been
displaced.
e  Corrosion on all metallic parts

Figure 34: Bleed Air Switch #1.

e Minor cracking of
housing is apparent.

e  Crack detail.

e No continuity could
be attained.

e All external wiring
appears intact.

B. BLEED AIR switch #2:
Equipment number:
P/N: 44YY29133
Date code: 7543
Manufacturer: Grayhill Inc.

Figure 35: X-ray of Bleed Air Valve
Switch #2.

e X-ray confirms that both
sets of active electrical
contacts are aligned with
each other.
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Figure 36: BLEED AIR switch 2.

e Minor cracking of housing
apparent.

e  Detail of cracks.

e No continuity could be attained.

e All external wiring appears
intact.

e Knob in OFF position

e Corrosion on all metallic parts

C & D. BLEED AIR switches #3 and #4:
e Knobs in ON position.
e These switches were not removed from the control panel.
e General external condition of switches was similar to switches #1 and #2.
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ITEM C.
Identification: Cabin Altitude Pressure Module (M188)
Supplier: Boeing
Boeing P/N: 69B46107-11
Supplier P/N: N/A
S/N: 000322
Date Code: none
Module Number: M188

Initial observations:

Figure 37: M188 panel. Note that the vertical speed indicator was detached from the module.

Vertical Speed Indicator not attached to panel (blue arrow).

Corrosion present on various surfaces with salt residue and sediment.

AUTO FAIL legend plate is missing (purple arrow).

PRESS RELIEF lower Indicator light cover is missing (red arrow).

Panel frame is bent inward on left and broken at Vertical Speed Indicator frame.

Detailed observations of various sub-components:

Identification: Pressure Relief Light, (upper)
Supplier: Clare (97564)

Boeing P/N: BAC00149-47

Supplier P/N: 670822-B6-47

S/N: N/A

Date Code: 7821
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Figure 38: PRESS RELIEF light, upper,
left lamp, (filament intact) - (Ref. Figure 37,
yellow arrow for lamp location).

Figure 39: PRESS RELIEF light,
upper right lamp, (filament intact). -
(Ref. Figure 37, yellow arrow for lamp

location).
Identification: Pressure Relief Light (lower)
Supplier: Clare (97564)
Boeing P/N: BAC00149-47
Supplier P/N: 670822-B6-47
S/N: N/A
Date Code: 7821

Figure 40: PRESS RELIEF light, lower left lamp.
e Filament is broken - (Ref. Figure 37,
red arrow for lamp location).

Figure 41: PRESS RELIEF light, lower right lamp.
e Filament appears to be intact.
e Legend plate missing, (Ref. Figure 37,
red arrow for lamp location).
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Identification: Cabin Altimeter Indicator
Supplier: Jaeger

Boeing P/N: N/A

Supplier P/N: 64141862-1

S/N: 361

Date Code: 11-79

F/T Date 21 Nov 1979

Initial observations:

Figure 42: CABIN ALT Indicator (Ref. Figure
39, green arrow for location on module)

e 50% of face obscured by opaque
discoloration inside of glass.
BARO set knob bent upward.
Dent in rear, top side of case.
Dent on bottom side of case.
Corrosion on sense line
connection.

e Barrel Indicator reads
approximately 13,000.

e Needle and barometric setting
obscured by discoloration.

e  Electrical connector appears
undamaged.

Detailed observations:

e X-ray examination of internal parts revealed distorted bellows. No other
observations made due to indistinguishable details.

Figure 43: Cabin Altimeter Indicator, glass bezel removed

e Heavy coating of unknown sedimentary type
debris on face of indicator (unknown black
glutinous contaminant).

e After cleaning off debris, altimeter indicator
reading confirmed to be 13,765 +/- 5.

e  Microscopic examination of inner side of bezel
shows no sign of impact damage.
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Figure 44: Cabin Altitude Indicator, housing removed.

e Removed back of Altimeter housing to observe
internal mechanism. Large amount of
sedimentary type debris noted internally.

e No observable damage to internal mechanical
parts. It did not appear that the physical
damage to the outer case caused the case to
come into contact with inner components.

e Significant amount of sedimentary type debris
noted on internal parts.

Figure 45: Cabin Altimeter
Indicator, sector gears

Figure 46: Cabin Altimeter Indicator, bellows, visible
damage
e Both bellows have fractures along the outer

circumference of the bellows. Those
fractures appear on a portion of the bellows
at the back of the instrument. The fractures
are on the lower half of each of the bellows.
The edge features, at the fractures, are
oriented outward from the inside of the
bellows.

Figure 47: Cabin Altimeter Indicator, bellows displacement
e The upper bellows is tilted with respect to
its axis. The lower bellows is also tilted,

but to a lesser degree.

e The upper bellows is in contact with the
gear mounting plate. The lower bellows
flange is deformed at the point nearest
the gear mounting plate, but doesn’t
contact the plate.
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Identification: Cabin Vertical Speed Indicator
Supplier: Smiths Industries

Boeing P/N: 60B00103-1

Supplier P/N: WL 301 RC/JA/1

S/N: AF/594/069

Date Code: N/A

Initial observations:

Figure 48: Cabin Vertical Speed Indicator
e Glass is broken.

e Numerous dents are on case.

e Needle is frozen at 500 FPM climb.

Detailed observations:

Figure 49: Cabin Vertical Speed Indicator (close-up
overview)

o  Safety wires at the rear of the case, 2 (each) were
intact.

e Badly damaged housing; required milling for
removal.

e Internal inspection revealed damage to internal
components as a result of external impact to
housing.

e No needle impact marks found on glass face and
indicator face.

e Examination of the inside of the indicator glass
face noted water marks (sediment deposit) that
correspond to observed needle position (no
needle impact marks).
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Identification: Cabin Differential Pressure Indicator
Supplier: Jaeger

Boeing P/N: 60B00105-11

Supplier P/N: 64070-760-1

S/N: 227

Date Code: 11/79

F/T Date: 22 NOV 1979

Initial observations:

Figure 50: Cabin DIFF PRESS Indicator
e  Water stains inside glass face.
e Needle is indicating below zero.

Detailed observations:

Removal of the bezel did not reveal any abnormal markings on inside of glass.
Dial indicated less than zero (at approximately 0.6 - 0.8 psi).

Casing was removed. Cabin pressure line was cut to remove indicator from case.
When pressure line was cut, the indicator dial returned to zero.

No apparent damage was visible to internal parts.

Minimal corrosion was present on internal surfaces.

Red scale mark on face at approximately 9.25 — 9.3 (mechanism is physically
limited at that point).
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ITEM D.
Identification: Flight Engineers Panel (Modules M179, M183, M184, M557)
Supplier: Boeing
Boeing P/N: 65B46006-5061 (ref.)

Initial observations:

PASSENCER |
G OXYGEN  on

Figure 51: Flight Engineers Panel,
overview. Includes modules M179, M183,
M184 & M557.

M179 Galley Power

Figure 52: Galley Power control panel M179

e Light plate is missing.

e All switch toggles are in up
position.

e TRIP OFF indicator lights,
numbers 2, 3 & 4 legend plates,
bulbs and retaining assemblies
are missing.
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M183 Passenger Oxygen

PASSENGER . )
OXYGEN BN O Figure 53: Passenger Oxygen
| 85 ? Panel, module M183.

Identification: OXY Pressure Indicator
Supplier: Weston

Boeing P/N: 60B00120-1

Supplier P/N: 260461

S/N: 09770463

Date Code: Sep. 23, 1977

Detailed observations:

Case removed indicator- found heavy corrosion and sedimentary deposits
present internally.

PASSENGER OXYGEN needle was disconnected from its driving rod, either on
disassembly or prior to disassembly.

No indication of needle strike on indicator face.

Dial indicator needles at 700 PSI for passenger and 1250 PSI for crew.

Residue visible through glass face of indicator.

Power ON indicator legend plate, bulbs and retaining assembly are missing.
Switch guard safety wire is broken.

Switch guard broken and partially missing.

Light plate is intact.

Test results:

PASSENGER OXYGEN control switch of Module M183 was found to be in the NORM
position as received. Continuity tests indicated that the switch functioned properly in
the ON, NORM and RESET positions. See Figures 54 through 58.
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Detailed observations:

Figure 54: X-ray of switch
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Figure 55: Stationary contact of oxygen Figure 56: Movable contact of oxygen
control switch “ON” position. control switch “ON” position.

Figure 57: Movable contact of the oxygen Figure 58: Statjonary c”ontac.t of oxygen
control switch “RESET” position. control switch (‘RESET” position).
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Figure 59: Switch guard overview, Figure 60: Switch guard overview,

right side. left side.

Figure 61: Top view of switch guard Figure 62: Bottom view of switch guard
damage. damage.

Figure 63: Switch guard safety wire Figure 64: Switch safety wire (breakaway
(breakaway wire) hole (top view). wire) tab hole.

e  Observed sediment
contamination on inside
diameter of hole, recess.
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M184 Clock Panel

Figure 65: Clock Panel, module M184

e Clock glass is fractured.

e Hands set at approximately 0825,
partially obscured by broken glass.

o TAT partially obscured by
discoloration.

- Reads 1.8 deg. C and OFF

e  After removal from Flight Engineer’'s
Panel, slight impact damage to top
rear of case was noted.

Identification: Clock Module
Supplier: Airpax

Boeing P/N: 60B00100-23
Supplier P/N: A15522-P3
S/N: 236

Date Code: 8/80

Detailed observations:

Figure 66: M184 Clock, face glass
fractured heavily.

Figure 66a: M184 Clock, face glass removed.
e  After removal of bezel, actual time
on clock reads 0722
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M557 DC BUS ISOLATION

Figure 67: DC BUS ISOLATION panel, module M557
e Light plate is missing.
e  All three switches’ toggles are in up (CLOSE) position.
BUS 3 and BUS ESS toggles are bent upward.
e ESS BUS, & OPEN indicators legend plates, bulbs and retaining
assemblies are missing.
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ITEME.
Identification: Pressure Relief Valves
Supplier: Hamilton-Sundstrand

Boeing P/N: 60B00025-19

Proposed Investigation Plan

It is proposed that the following recovered items be examined as noted below by the
investigating team at the Boeing Equipment Quality Analysis (EQA) Lab in Seattle. This
examination is part of the continuing investigation of the China Airlines Flight 611 accident.
The examination and testing is expected to take approximately 2 to 3 days after receipt of
items at the lab. Boeing’s EQA Lab in Seattle is available to perform the examination during
the second or third week of October dependent upon ASC scheduling. The component
supplier, Hamilton Sundstrand, is prepared to participate in the examination activity. All
steps will be photo documented and a test report will be prepared by Boeing for the ASC.
The steps proposed below are based on limited information and photographs of the parts in
question. The investigating team may elect to deviate from these plans during the
examination if warranted by the actual condition of the parts.

Proposed Plan: Pressure Relief Valves (2 units)

¢ Investigation steps (from examination of 9 photos)
e Complete external visual inspection of both valves and photo document.

e Inspection emphasis on:
Relief seal area
Diaphragms
Sensing housing areas
Ambient sense lines
All external orifices (including orifice under filter)
Position of sensor adjustment screws
Any contact witness marks between moving parts.
Pay attention to any salt/corrosion buildup on any moving parts that may note
position prior to any attempt to move any part(s) and photo-document.
Determine if water remains within valve and identify method to purge
X-ray inspection of poppet area. Compare to known good unit if possible.
Leak check of ambient sense lines
Possible cracking pressure test of valve that appears intact in photos
Possible functional test of sensor units
Internal tear-down inspection
e Inspection emphasis on:

e Sensor poppet area

¢ Internal diaphragm
e Examination of the external flap hinge pins or remaining hinge mechanism for

any evidence of position prior to departure

e Any additional testing identified during teardown and examination.
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Note:

The aforementioned investigation steps were accomplished with the exception of the
following:

¢ Orifice under filter was not reviewed, because filter to lower section of valve was not
removed.

e Water was noted dripping from both units, during disassembly, and was also evident
in x-ray. No attempt was made to purge water.

¢ No leak check of sense lines was performed. Lines did not appear to be clogged.

¢ Damage to valves did not allow for cracking pressure test of valves.

e Attempted functional test of sensors while installed during x-ray. No movement of
poppets was noted. During disassembly, contamination was noted as likely cause.

e Teardown inspection of internal diaphragm was not performed, per decision of
investigation team (not deemed necessary at this time).

Photographs of items “as received”:

Figure 68: Overview of the pressure relief Figure 69: Overview, baseline photo. Next 3
valves, wrapped as received. photos are of the part being rotated clockwise

(CW) 90°, in succession, after taking each photo.
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Figure 70: Overview (rotated 90° CW Figure 71: Overview (rotated 180° CW from
(clockwise) from baseline figure #69). baseline figure #69).

I —

Figure 72: Overview (rotated 270° CW Figure 73: Overview, baseline photo (valves were
from baseline figure #69). flipped over 180°. Next 3 photos are views of the

valves rotated clockwise (CW) 90°, in succession,
after taking each photo).

Figure 74: Overview (rotated 90° CW from Figure 75: Overview (rotated 180° CW
baseline figure #73). from baseline figure #73).
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Figure 77: Upper pressure relief valve,
(center of picture) distorted exterior skin.

Figure 78: Upper & Lower Pressure Relief
Valves, orientated as installed on airplane,
[vertical centerline (C/L) through both
valves at station 770].

Figure 80: Frame, centerline (C/L) of stringer
31, looking fwd (frame view station 780).

Figure 79: Upper & Lower Pressure Relief
Valves, as installed, as viewed from inside.
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Figure 81: Upper Pressure Relief Valve, Figure 82: Upper Pressure Relief Valve,
showing orientation, note that blowout close—up showing markings.

doors are missing.

2 .{-II '\
Figure 83: Upper Pressure Relief Valve, Figure 84: Upper Pressure Relief Valve
orientation as installed on airplane. still installed, as viewed from the inside.

Figure 85: Lower Pressure Relief Valve, Figure 86: Lower Pressure Relief Valve,
orientation as installed on airplane. still installed, as viewed from the inside.
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Part name: Upper Pressure Relief Valve

Identification:

Supplier: Hamilton Sundstrand

Boeing P/N: 60B00025-19

Supplier P/N: 715995-3,

S/N: 901223

Date Code: FT 09/98,. Mod # L-18, -HS Ref AN, cage code 73030

Figure 87: Upper Pressure Relief
Valve, data plate and FT date.

Initial observations:

* All noted references to location are based upon the valves in the “as installed” airplane
orientation from the pilot’s perspective.

(1) Removed valve by: (1) Cutting two lead wires of switch.

(2) Removed 2 screws (P/N NAS603-6P plus washers
NAS620-10L) that detached the gate guide HS P/N 733833-1
from valve housing HS P/N 727406-1 (removed 2 out of 4 gate
guides [2 already detached])

Figure 88: Prior to cutting switch lead Figure 89: After cutting wires.
wires.
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{2

Figure 90: Exterior view of opening with valve not yet Figure 91: Interior view of opening with
removed. valve removed (looking inside to outside).
e Hinge pins are movable (free to rotate); e  Forward/lower hinge pin missing.

aft/upper hinge pin is only one difficult to
rotate and is bent outboard.

Figure 92: Upper Pressure Relief Valve, pins Figure 93: Upper Pressure Relief Valve, pins
in approximately “door closed” position. are in approximately “door closed” position.

Figure 94: Upper Pressure Relief Valve, Figure 95: Upper Pressure Relief Valve,
pins in approximately “door fully open” same as # 94, another view.
position.
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o Performed measurement of pin angles using a flat reference plane (outer skin of
aircraft); using two imaginary reference lines running between the centerlines of the
pin mounting holes (upper fwd to upper aft) & (lower fwd to lower aft). All angular
measurements were based from these two imaginary lines. (See: diagram. Upper
Valve, flapper doors’ pins, orientation, Figure 96).

e Results of measurements (approximation):
Upper aft pin = 13°; Upper fwd pin = 161°; Lower aft pin = 53°

| Blue lines represent the centerline of the bushings

Figure 96: Upper Pressure
Relief Valve, flapper valve

Pin Missing doors, pin orientation.

o /

161°
urP

UPPER VALVE

MOUNTING PIN ORIENTATION FOR FLAPPER DOORS

e The hinge pins on both doors were protected from further movement, for storage
purposes.

¥

Figure 97: Non-metallic washer (gate seal) - Figure 98: One slight cut adjacent to housing

continuous ring. fracture.

e Slight impression of knife-edge on seal.
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Figure 99: Another cut on the seal. Figure 100: Discolored region of gate seal.
e Unknown white colored contaminant
on seal.

Figure 101: Forward stops & hinge pin, Figure 102: Forward stops and hinge pins, (looking
(looking from inside to outside). from outside to inside).
e  Forward/lower hinge pin is missing. e Forward/upper hinge pin can rotate freely.

e  Stop pins look normal and unbent.

Figure 103: Forward/upper hinge pin, Figure 104: Forward/upper hinge pin,
physically rotated by hand so that bent physically rotated by hand to bend inboard.

portion was oriented outboard.
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Figure 105: Detail of forward/upper hinge
pin end.

Figure 106: Aft hinge & stop pins (looking Figure 107: Aft hinge & stop pins, (looking

from inside to outside). from outside to inside)
o Aft/lower stop pin appears to have a e  Aft/upper hinge pin (lower pin in
rust mark and can rotate. photo) is difficult to rotate.

e Aft/lower hinge pin (upper pin in
photo) rotates.

i e : LN Li
Figure 108: Close-up of aft stop & hinge pins Figure 109: Close-up of aft hinge pins
(looking from inside out). (looking from outside to inside).
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Figure 110: Aft hinge pins, upper & lower. Aft/ Figure 111: Aft hinge pins, upper & lower.
lower pin is rotated to non-closed door position. Both pins rotated to “closed door” position.

Figure 112: Aft/upper hinge pin,
cotter pin is broken.

Figure 113: Forward/upper hinge pin, Figure 114: Detail of forward/lower hinge
upper door (forward/ lower hinge pin is pin bushing in hole.
missing).
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Figure 115: Upper stop, pad. Figure 116: Upper stop, pad, close-

up of figure #115.

Figure 117: Overview of forward/upper
stop pin as viewed from inside.
e Pinis relatively straight.

Figure 118: Forward/upper stop pin; close
up of figure #117.

Figure 119: Overview of forward/upper stop Figure 120: Forward/upper stop pin, close-up of
pin, as viewed from outside. figure #119.

e Pinis relatively straight, paint missing.
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Figure 121: Forward/upper stop pin,
close-up of figures #119 & #120.

Figure 122: Overview of aft/upper stop pin, Figure 123: Aft/upper stop pin; close up of
as viewed from inside. figure #122.

e Pinis relatively straight.

Figure 124: Aft/upper stop pin, close up of
figures #122 & #123, after pin was cleaned
with alcohol.
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Figure 125: Overview of aft/upper stop pin as Figure 126: Aft/upper stop pin, close-up of
viewed from outside. figure #125.
e Pinis relatively straight. e Paintis chipped.

Figure 127: Lower stop pad. Figure 128: Lower stop pad, close-up of figure
#127.

Figure 129: Overview of forward/lower stop Figure 130: Forward/lower stop pin, close
pin, as viewed from inside. up of figure #129.

e Pinis relatively straight.
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Figure 131: Overview of forward/lower stop Figure 132: Forward/lower stop pin, close-up
pin, as viewed from outside. of figure #131.

e Pinis relatively straight.

-
Figure 133: Overview of aft/lower stop pin, as Figure 134: Aft/lower stop pin; close up of
viewed from inside. figure #133.

e Pinis relatively straight.

Figure 135: Overview of aft/lower stop pin,
exterior view.
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Figure 136: Aft/lower stop pin. Figure 137: Aft/lower stop pin, close-up of figure
e Overall, pin is relatively straight. #136.

e Paintis chipped.

Figure 138: Overview of valve face. Figure 139: Close-up of knife-edge damage.
e Knife-edge has some rolled over areas and
some bent edges.
e In general, reasonably round.
e 2 gate spacers, HS P/N 727407-30 are missing,
remaining 2 spacers on top and bottom as
shown.

Figure 140: Close-up of knife-edge damage.
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Figure 142: Overview, close-up of typical Figure 143: Close-up of web, representative

web fracture. of web fractures at gate ID.

Figure 144: Worst of the center web cracks. Figure 145: Diaphragm, 75 % of outer
2 of 8 appear to be intact, remaining exhibit circumference is torn/split.

various degrees of cracking.

Figure 146: Diaphragm, showing typical
tear.

Figure 147: Diaphragm, apparently intact
portion.
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Figure 148: Diaphragm,
circumferential tear.

Figure 149: Offset angle between valve Figure 150: Offset angle (same as in figure
housing and gate. #149) from the opposite side.

Figure 151: Switch mounting bracket, gate is Figure 152: Upper Pressure Relief Valve;
against bracket. valve gate & switch bracket.

e The switch actuator is intact but
the basic switch is missing.

e The (electrical connector and
plug) mating is intact.
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Figure 153: Center diaphragm & return
spring.
e Diaphragm is intact and spring
is unseated from valve cover.

Figure 154: Center diaphragm guide, HS P/N Figure 155: Gate return spring, showing
727411-1, showing distortion of guide itself. unseated spring.

Figure 156: Overview of control and filter
assemblies.

e The filter (HS P/N 715942-1), cover
(HS P/N 727423-1) and spring (HS P/N
727430-1) — are all missing.

e  Control orifice shown in bottom of filter
housing looks clean.

e Exterior of sensors exhibit light
deposits of contamination.
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Figure 157: Exterior view of sensors, showing Figure 158: Cabin pressure sense ports on sensor
some apparent corrosion on the integral adjustment springs.
ambient sense tube. e Holes look clear.

e Corrosion on tube retainer plate (HS P/N
727417-2).

Figure 159: Control adjustment screws.
e  Tamper proof seals are in place.
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X-rays of Upper Pressure Relief Valve:

Figure 160: Upper
Pressure Relief Valve,

control assembly, x-ray.

Figure 161: Integral control adjustment spring. Figure 162: Integral control poppet.
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Figure 163: Remote control adjustment spring. Figure 164: Remote control poppet.

Disassembly observations:

(1) Removed the remote ambient sensor poppet.

Figure 165: Remote ambient sensor housing Figure 166: Diaphragm appears to be intact.
bore. e  Salt deposits on spring.
e  Salt & moisture present. e Heavy corrosion on spring seat (one-
e Poppet is frozen. third).
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Figure 167: Remote ambient sensor poppet Figure 168: Plug, remote ambient
and guide, opposite side - relatively clean. poppet.

Figure 170: Integral ambient sensor poppet
Figure 169: Shows water in plug area. housing bore.

e Poppet was free.

Figure 171: Integral ambient sensor spring & Figure 172: Opposite end of integral ambient
diaphragm. sensor poppet and guide.
e Heavy hardened corrosion on spring e Alittle moisture is present.

and diaphragm in localized areas.
e Corrosion on spring seat almost all
the way around.
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Figure 173: Plug detail.
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Part name: Lower Pressure Relief Valve

Identification:

Supplier: Hamilton Sundstand

Boeing P/N: 60B00025-19

Supplier P/N: 715995-3

S/N: GG2739

Date Code: FT 10/98 (as viewed under microscope); HS Ref P10

HAMILTON 3
STANDARD !

TR eI

Figure 174: Lower Pressure Relief Valve Figure 175: Lower Pressure Relief Valve,
data plate, identified FT 10/98 with data plate identification.
microscope.

Initial observations:

Figure 176: Lower Pressure Relief Valve as Figure 177: Lower Pressure Relief Valve as

viewed from outside, still installed but not viewed from inside, still installed but not
attached to structure. (Ref. For following attached to structure. (Ref. For following
section on pins and stops) section on pins and stops)
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Figure 178: External view of opening for
Lower Pressure Relief Valve, looking inside. Relief Valve (valve still inside).

e External view shows the heads of 5
attachments screws to the skin, are
missing and about 25% of mounting
flange is missing.

e Removed unit from panel by: — (1) Cutting 2 lead wires of switch.
(2) Cutting the integral ambient sensing tube.

Figure 180: Lower Pressure Relief Valve. Figure 181: Lower Pressure Relief Valve.
Cut switch lead wire A, step 1 in removal of Cut switch lead wire B, step 2 in removal of
lower valve (before cut). lower valve (after cut).

Figure 182: Lower Pressure Relief Valve. The
integral ambient sensing tube, step 3, had to be
cut in order to remove the lower valve.
e Performed boroscope examination of
Lower Pressure Relief Valve at:
(1) Integral ambient port interior and
(2) Cut end of the same integral
ambient tube. Cut end tube was
unobstructed.
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Figure 183: Skin distortion at valve
mounting location.

} |

Figure 184: Exterior opening, close-up of Figure 185: Exterior opening, close-up,
fracture of valve housing at forward/upper another view of figure #184

hinge pin.

Figure 186: Forward/upper hinge pin Figure 187: Forward/upper hinge pin, close-
bushing hole. up of partial bushing.

e Housing is cracked and contains
partial bushing.
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Figure 188: Forward/upper hinge pin,
close-up view of partial bushing in hole.

Figure 189: Exterior opening, close- Figure 190: Exterior opening, close-
up, upper door stop pad. up, upper door stop pad.

Figure 191: Upper stop pad; paint chipped. Figure 192: Upper stop pad, close-up of
figure #191.
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Figure 193: Non-metallic washer (gate seal), Figure 194: Exterior door open, stop pin,
HS P/N 527355-13, as viewed from inside. HS P/N  730539-1. Overview of
o Approximately 25% of seal is missing. forward/upper pin as viewed from inside.

e Slight impression of gate knife-edge on e Appears to be normal and not bent
seal surface. relative to valve housing.

¢ No abnormal cuts on seal surface.

Figure 195: Forward/upper stop pin overview.
View is looking from inside towards outside.
e Pinis relatively straight.

Figure 196: Forward/upper stop pin; close-up Figure 197: Forward/upper stop pin, close-
view of figure #195. up view of figures #195 and #196.
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Figure 198: Forward/upper stop pin as Figure 199: Forward/upper stop pin, close-up of
viewed from outside looking inside.. figure #198.
e Pinis relatively straight. e Paintis chipped.

Figure 200: Lower stop pad, with Figure 201: Detail of lower stop pad.
adjacent crack on housing. e |tis broken away from housing

(housing cracked).

Figure 202: Close-up of figure #200, Figure 203: Close-up of figures #200 and
paint chipped. #202, slight dent on pad, paint chipped.
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Figure 204: Exterior door open, forward/lower
stop pin, HS P/N 730539-1, as viewed from
inside.

e Appears to be normal and not bent
relative to valve housing.

e Note: aft upper & lower pins are
missing along with a portion of valve
housing that they are normally installed
in.

Figure 205: Forward/lower stop pin, Figure 206: Forward/lower stop pin; close-
overview as viewed from inside. up of figure #205.

e Pinis relatively straight.

F'igure 207: quward/lower, stop pin as Figure 208: Forward/lower, stop pin, close-up
viewed form outside. of figure #207.

e Pinis relatively straight.
e Paintis chipped.
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Figure 209: Hole penetrating support Figure 210: Electrical switch connector
housing, HS P/N 727405-1. interface appears to be intact.
e Hole is approximately 0.365 inch x o  Wires are intact exiting plug.
0.560 inch. e  Strain relief on backshell is broken.

L

Figure 212: Switch (side view): actuator is
missing from switch housing.

Figure 211: Switch plunger, part of HS P/N
727415-1.
e  Switch appears to be intact but
switch actuator is missing.

. SN

Figure 213: Switch lead wires showing Figure 214: Lower Pressure Relief Valve;
bond detached from housing. detail of valve gate, switch contact area.
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Test results:

e Checked continuity of switch:

Ends of lead wires stripped to perform continuity check.
Continuity verified in the normally relaxed condition, per normal installation.
When plunger was depressed, switch changed state (of circuit).

Figure 215: Overview of removed valve.

e  Gate adapter is out of round.

e Web members have rotated approximately
45° in relation to case.

e  Approximately 50% of edges were curled &
torn.
Light salt deposits.
At attachment to gate HS P/N 727407-11,
50% of sealant is cracked.

e All 8 rivets (attaching gate to gate adapter)
are intact.

e 2 of 4 spacers HS P/N 727407-30, are
broken off at flanges.

e HS P/N 727407-11, gate — all 8 of center
body webs are broken (7 of 8 at the inside
diameter [ID] of the gate).

! i
Figure 217: Broken web detail.

Figure 216: Gate webs, detailed view of
broken web members.
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Figure 220: Detail of more broken webs. Figure 221: Knife-edge close-up of
damage.

222: Knife-edge damage. Figure 223: Knife-edge
damage.
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Figure 226: Knife-edge damage. Figure 227: Outer diaphragm HS P/N
727403-1, torn location.

|

Figure 228: Outer diaphragm, approximately Figure 229: Outer diaphragm, torn location.
60% of circumference is torn.
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Figure 232: Side view of gate assembly & Figure 233: Outer diaphragm, close-up of
valve cover, showing the approximate 30° tear origin.

angle between gate assembly & valve cover.

X

Figure 234: Outer diaphragm, intact Figure 235: Center diaphragm, HS P/N
(not torn) portion. 727401-1 appears to be intact and the bond

portion can be seen; looks normal.
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LA
Figure 236: Gate return spring, HS P/N Figure 237: Gate return spring is seated in

727414-2 appears to be intact. the gate. The end coil appears to be inside
e  Some unknown surface the last active coil.

accumulation is present.

Figure 238: Gate return spring is over end Figure 239: Overall of control, filter end.
showing intertwining of end coil and the e  Filter cover HS P/N 727423-1 & spring HS
active coil. P/N 727430-1 are missing.
e  Filter housing HS P/N 727426-1 is bent
over holding filter in place.

Figure 240: Control assembly area (sense
housing area), overview.
e Intact, some surface accumulation.
¢ Nothing looks out of place.
e Integral ambient sensing tube
attachment looks normal.
o Remote tube attachment looks normal.
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Figure 241: Cabin pressure sense ports. Figure 242: Control adjustment screws,
e Ports appear to be un-plugged. both appear to be intact.

e Some accumulation deposits.
e Springs appear to be in place.

X-rays of Lower Pressure Relief Valve:

Figure 243: Lower Pressure Relief Valve, control assembly x-ray.
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Figure 245: Remote sense, control,

Figure 244: Integral sense control, adjustment spring.

adjustment spring.

Figure 246: Integral sense control poppet..

<
Figure 247: Upper Pressure Relief Valve,
control assembly x-ray.

>
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Figure 248: Lower Pressure Relief
Valve, closed valve switch; “Not
Closed” contacts.

Disassembly and Test Observations

e Removed sensor cover (HS P/N 747525-1) from remote ambient sensor.

Figure 249: Remote ambient sensor, cover Figure 250: Showing remote ambient sensor
and diaphragm partially removed. removed.
e Heavy salt deposits on spring, piston e Heavy salt deposits on spring & housing
and diaphragm. bore.

e Diaphragm appears to be intact, poppet
moves freely.

Figure 251: Close-up of salt deposits Figure 252: Remote ambient sensor,
inside housing bore. opposite end of poppet and guide.
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Figure 253: Plug HS P/N 719280-1 and seal,

Figure 254: Integral sensor housing bore.
seal looks normal and uncut.

e Heavy deposits.
e Poppet appears to be frozen.
e Salt deposits on end of poppet.

Figure 255: Integral sensor spring and
diaphragm.
e Heavy salt deposits.
e Diaphragm intact.
e Spring has heavy salt deposits
and possibly salt corrosion.

Figure 256: Opposite end of integral sensor Figure 257: Plug for integral sensor, seal looks
poppet and guide; heavy salt deposits. normal and uncut.
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ITEM F.

Identification: Pressure Relief Valve -
Comparison Unit provided by Hamilton-Sundstrand

Supplier: Hamilton Sundstrand
Boeing P/N: 60B00025-19

* This pressure relief valve was a rotable stock unit (not new) supplied by Hamilton
Sundstrand for comparative purposes during this examination. This unit was used as
a representative of a functionally acceptable unit for x-ray evaluation.

X-rays of Sample Comparison Pressure Relief Valve:

\ i
" 1

Figure 258: Comparison Pressure Relief Valve, control assembly x-ray.
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Figure 259: Integral control adjustment spring. Figure 260: Remote control adjustment spring.

Figure 261: Remote control poppet.

Figure 262: Integral control poppet.
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Figure 265: New switch, closed valve, not Figure 266: New switch, open valve, closed
closed contacts. contacts.

o The following force tests were performed on the new pressure relief valve, flapper
doors to measure the forces that were required to move the flapper doors under
various test conditions.

Figure 267: Comparison unit*, door A Figure 268: Comparison unit*, door B
tension, 2.85 pounds (opening force from tension, 2.90 pounds (opening force from
center edge of door). center edge of door)
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Figure 269: Comparison unit*, door A Figure 270: Comparison unit*, door B

compression (closing), 1.90 pounds (push compression (closing), 1.95 pounds (push at
at center of door to close door). center of door to close door).

Figure 271: Comparison unit*, both doors Figure 272: Comparison unit*, customer
open, closing one, 1.90 pounds (pulling at request, single door cusp, 3 pounds peak to
center of door). get to neutral (in view) from the open position.

Figure 273: Comparison unit*, customer
request, double door cusp, manually set to
hold in “neutral”.
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ITEM G.

Identification Unidentified Items

Figure 274. Appears to be a portion of a Figure 275. Appears to be a portion of a
gear/cam assembly and structure. gear/cam assembly and structure, different

view from figure #274.

Figures 274 and 275: Two unidentified parts

e Opened bubble wrapped package with two unrelated parts (free from panels).
Contains one cam detail and a small piece of structure.

e Parts are unidentified and are not part of this examination but are documented
because they were received in the boxes.

The preceding information is being submitted to the appropriate personnel for
information purposes. The EQA group plans no further action at this time. This
EQAR is considered closed.
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INTRODUCTION

An overall appearance of ITEM 640C wreckage, submitted to AMD for failure analysis is
shown in Figure 1, which consists of ITEM 640C1 and 640C2. At first, the ITEM 640C wreckage
was visually examined and its features were recorded in detail. Further, failure analyses were done
as well to identify extent of fatigue area, initiation sites and direction of crack propagation in order

to provide valuable information for determining root cause of CI611 plane crash.

VISUAL EXAMINATION

Figures 2a and 2b, shows both sides of 640C1 and indicates where a repair doubler was
attached to the outboard fuselage skin. The range of doubler was approximately within the area
between frames STA 2060 and 2180 and stringers S-49L and S-51R, respectively. Figure 2a
indicates that all the frames came off of the skin and were missing. However, aside from the section
between STA 2120 and STA 2140 of stringer S-50L, almost all stringers were still attached to the
fuselage skin. By way of visual examination, the fuselage skin was found to have suspected
evidence of fatigue cracking (fracture surface normal to the surface of skin) that was close to, and
parallel with, stringer S-49L. This portion of the skin fracture is marked with red arrows in Figure
2a.

Figure 3 is composed of 18 photos and shows an overall view of the skin fracture surface
along the direction of stringer S-49L. For referencing purposes rivets were identified by the
numbers +17 to 91 along the fracture as shown in figure 3. The same identification for these rivets
was used throughout the report.

MACROSCOPIC EXAMINATION

The fracture surfaces near the rivets from +17 to 91 in Figure 3 were examined by
low-magnification optical (light) microscopy for suspected evidence of fatigue cracking. Three
sections of the skin fracture incorporating rivets and doubler sections were removed by saw cutting
for macroscopic examination and are shown in figure 4. Macro examination using low power
optical method was performed at the AMD laboratory while the fracture surfaces were cleaned with
a soft bristle brush and acetone during examination. The following group representatives

participated in macroscopic examination of fracture surface.
(1) NTSB

(2) Boeing

(3) ASC

(4) China Airlines, In part from +17 to 38

(5) AMD
SEM EXAMINATION
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The skin fracture near rivets from +17 to 56 was further examined with the aid of a scanning
electron microscope (SEM) for the purpose of identifying initial sites the extent of fatigue cracks
and the direction of crack propagation. The fracture surfaces associated with the rivets +56~91 were
not examined with the SEM, although there may also be some evidence of fatigue cracking in these

arcas.

Before SEM examination, the skin was disassembled and sectioned into many segments that
were of an appropriate size so as to fit in the SEM chamber. Moreover, in order not to destroy the
skin fracture surface saw cuts, if possible, were made through fastener hole. One exception was the

saw cut at a location near rivet number 14.

The disassembly of rivets followed the same general procedure;(1) using a small diameter
drill, each rivet head was drilled so as not to damage the rivet hole, (2) a constant diameter punch
that was smaller in diameter than the rivet hole was placed in the drilled hole against the remaining
rivet shank and driven to pop off the rivet head, (3) the remaining portion of the rivet that contained
the tail (formed end) was then liberated from the hole.

Due to contamination of the fracture surfaces, the fracture specimens were cleaned prior to
SEM examination. Initially, replicating tape with Duco cement was applied to the fracture surface
of the specimens and subsequently stripped from the fracture to help remove deposits. This was
followed by ultrasonic cleaning of the specimens in acetone. However, even after the fracture
surfaces were cleaned by the replica stripping method, the specimens still contained sufficient
deposits hindering SEM examination. Ultrasonic agitation in a chromic acid solution offered by the
Boeing Company was then used to remove heavy corrosion on the fracture surface for each
specimen. A representative of the Boeing Company was present during most of the SEM

examination.

RESULTS AND DISCUSSIONS

1. The extent of fatigue cracking was determined by SEM examination. The extent of fatigue
cracking is shown in Figures 5 through 10, in which the fatigue propagated from the edge next
to the doubler until it reached the black curves shown in these figures. Outside of the fatigue
regions the fracture features were typical of an overstress separation. The quantities in Figures 5
through 10 denote the ratio of maximum depth of fatigue crack to the thickness of fuselage skin
in the corresponding location. It should be noted that in most circumstances the fatigue initiated
at the skin edge next to the doubler and progressed inboard through the direction of skin
thickness. The majority of the fatigue cracking was associated with frame STA 2100, in the area
corresponding to the region of rivets from 10 to 25. Figure 11 is a drawing (not to scale)

indicating the fatigue cracking on the skin fracture surface from rivets +17 through 56.

2. Five SEM photographs at different magnifications are shown in Figure 12 for the fracture
surface near rivet number 25. Fatigue striations were readily visible in Figures 12e and 12f,

which are the higher magnification SEM views of the area indicated by the white rectangles in
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Figures 12c. The striations had a characteristic pattern of several less apparent minor striations
separating prominent major striations. The spacing of major striations measured about 2
microns. The two different types of striations were believed to have been formed from various
loading types. As shown in Figures 12d and 12e, SEM viewing revealed a mixture of ductile
dimples interspersed with patches of fatigue striations. This area was considered as the later
stage of fatigue and was at a distance about 200 microns from the inboard edge of skin. Figure
12b shows that the cracks initiated at the outboard edge next to the doubler and propagated
inboard. In addition, numerous ratchet marks indicative of multiple origins for fatigue cracks
were seen on the outboard edge of the skin. In Figure 12b, the yellow arrows denote the
direction of crack propagation and the areas indicated by blue arrows are the origins of fatigue.

Similarly, the same notations are used in the following.

3. As shown in Figure 13, the SEM photos for the two sides adjoining rivet 25 revealed that
ratchet marks, the characteristic of multiple origins of fatigue cracks, appeared on the edge of
the fuselage skin next to the doubler and fatigue propagated across and almost throughout the
thickness. The directions of crack propagation indicated the earliest origins of fatigue for each
side of the rivet at the approximate locations indicated by the black ellipse in Figure 13 b and
13c. The corresponding points of fatigue cracking through the thickness of the skin are near the
periphery of the formed tail end of the rivet.

4. The fracture morphology of fatigue for the area near rivet 14, as shown in Figure 14, is similar
to that found near rivet 25. Figure 14c, 14d and 14e, denoted by three small black squares, are
high magnification photographs for various locations in Figure 14b, showing different spacing
of fatigue striations at distances of 250 ¢ m, 1020 ¢z m, and 1480 1 m, respectively, away from
the skin edge next to doubler. These photographs can be used to measure the striation density at
various locations along the crack front. Further, the cycles of loading can be estimated using

fracture mechanics.

5. SEM photographs shown in Figure 15¢ and 15d are close-up views of the fracture located in the
area indicated by the two black squares in Figure 15b. Figure 15c¢ illustrates visible striations, a
typical characteristic of fatigue cracking. In addition, figure 15d illustrates dimples, a typical
characteristic of overstress. By comparing the proportion of fatigue crack area to overstress area,
it is smaller in the area near rivet +5 than those near rivet 25 and 14, in which most areas of
fracture surfaces have been identified as fatigue cracking. However, the morphology of fatigue
near +5 is similar to those near rivets 25 and 14, such as the direction of crack propagation and

the origins of fatigue cracking.

6. In general, there were two types of propagation on the fracture surface shown in Figure 3. One
is fatigue which proceeded through the skin thickness, as mentioned above. The other is
overstress fracture. Even though the overstress fracture probably propagated along the direction
of thickness in some areas, for example, the shear lip in the vicinity of fatigue area, in most

areas it propagated along the directions as indicated by the yellow arrows in Figure 3 about

189 FORM 140-069
4 P #RE 90008-11-12 3512 45 Tel: 011-886-4-2702-3051 Ext.503517
(P.O. Box 90008-11-12, Taichung, Taiwan, R.O.C.) Fax: 011-886-4-2284-6517 PAGE OF 28



@4tk 2K B 3% 2 (Materials Test Report) s

parallel to stringer of S-49L. The overstress cracking generally emanated from the region
bounded between rivet 10 through rivet 25. In addition, except for very few areas there is a
distinctive feature for the overstress cracking which propagated from hole to hole, as shown in
Figure 3. In the fracture region between rivets 6 and 10, corresponding to rivets 7 through 9, the
fracture surface was on a 45° slant plane that was typical of an overstress fracture in tension
stress but the fracture did not propagate from hole to hole. This is probably because a fatigue
pre-crack (from rivet 2 through 5) had existed before the overstress fracture propagated. In
addition, this fatigue pre-crack had a size enough to attract the overstress cracking directly

propagating toward itself and jumping three nearby fastener holes ahead.

7. Figures 16~18, showing macroscopic photographs on both sides of the skin surface around the
rivets numbered 19~21, respectively, indicated that many scratches existed on the faying
surface of fuselage skin. The scratches were covered with paint. Figure 16~18 also illustrate that
the fatigue cracks at nearby rivets were approximately located around the periphery of the
formed tail end of the rivet, in which residual tensile stresses could be induced by the process of
riveting. As indicated by black arrows in Figures 16 and 17, the paths of the fatigue cracks were
very straight and always followed the track of scratches along the direction parallel to stringer
S-49L. The above two effects would lead to stress concentration and then reduce fatigue
strength for the fuselage skin. It is necessary to further evaluate which effect play a key role on

fatigue.

8. Although almost all the fracture surfaces near the rivets from 10 through 28 were dominated by
the same through the thickness fatigue fracture, it was found that there were some different
features among them. The fatigue cracks associated with rivets 13 through 20 were more close
to the edge of doubler and the shanks of these rivets, with the exception of the blind rivet at 18,
were not exposed. In comparison, the shank of the rivets on 10, 12 and 22 through 28 were
readily visible. In the areas between rivet numbers 22~28, there was a trend for the higher
numbered rivets to be associated with a larger portion of exposed rivet shank. This feature
results from a change of stress state during the process of fracture of fuselage skin. The stress
state as indicated by the fracture features may be of help in determining the sequence of fatigue

cracking.

9. Figure 19 shows apparent evidences of local deformation near frame of STA 2100. The areas
for the most severe deformation corresponded to those areas with the fracture surface having

fatigue cracking throughout the skin thickness. The deformation has some features as follows;

* The shape for skin and doubler is outward at frame of STA 2100, two adjacent sides of which
were comparatively deformed inward into inboard fuselage. The skin associated with the areas
from rivet 13~18 and 22~25 have the most severe inward deformation. However, the skin and
doubler corresponded to the region of rivet 19~22 is more flat and the fatigue cracks were not
yet throughout the thickness of skin.
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* Along the direction parallel to frame STA 2100, the closer to the edge of the doubler the more

severe the deformation to the skin and doubler.

* The stringer S-49L contained a fracture at frame STA 2110. Moreover, the sealant peeled off
with the skin.

* There was no evidence of contact damage with an object in the area that could account for the

local deformation to the skin and doubler.

10. Figure 20 shows the exterior appearance of the doubler in the area of the local deformation
illustrating that the paint around the rivet heads was cracked in some areas. Therefore, it is
believed that the doubler around those rivets was subjected to a bending force. The cracked
paint occurred at the location from rivet 14 to 25, which corresponded to the fracture area with
the intensive fatigue crack. In the areas with little evidence of fatigue cracking, the exterior
paint surface of the doubler was intact around the rivets, such as the locations of rivets beyond
number 28. The two features, cracked paint around rivet heads and skin deformation, could

result from the same loading.

11. After removing all rivets and then separating skin from the doubler, many scratches were visible
on the faying surface of the skin. Figure 21 shows this feature after removal of the paint and
sealant. Scratches existed almost everywhere. The most severe scratches on the skin surface

were located just under the stringers or frames.

12. So many rub marks produced by abrasion prevailed over the fracture surface near rivet number
1 (Figure 22). However, in contrast, the fracture surface near rivet +13 contained less evidence
of rubbing and so dimples were visible, as shown in Figure 23. The presence of rubbing marks

could be due to contact between two mating fracture surfaces.

13. Results of Spark spectrum analysis showed that both materials of fuselage skin and doubler
were consistent with a 2024 aluminum alloy. Hardness and conductivity measurements
associated with skin were individually performed at three locations, and its average was HRB
79 for hardness, is 28.5 %IACS for conductivity. The above values of hardness and
conductivity were within specifications for 2024-T3 materials. The doubler was also checked as

the same material.
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BMT
BOEING MATERIALS TECHNOLOGY

Engineering Report No: MS 22570 Date: December 18, 2002
Design Drawing Part Names: See Table |

Part Numbers: See Table |

ATA Index: 5380 Responsible Design Group: Fuselage
Customer: China Airlines Model: 747-200

Registry No.: B-18255 Line Position No.: 386

Flight Hours: 64,394 Number of Landings: 21,180
Materials: See Table | Material Specifications: See Table |
Heat Treats: See Table | Finishes: See Table |

REFERENCES:

1). Chung Shan Institute of Science and Technology (CSIST) — Aeronautical Research Laboratory —
Aero Materials Department, Report 910383 draft, dated October 14, 2002.

2). Telexes CI-TPE-80-21TE, CI-TPE-80-22
3). D6-13592, 747 Structural Repair Manual, SRM 51-30-02

BACKGROUND:

On May 25, 2002, a 747-200, B-18255, operated by China Airlines as flight CI611, crashed in the Taiwan
Strait on a flight from Taipei, Taiwan to Hong Kong, China. The airplane disappeared from radar at
approximately 35,000 feet altitude. There were 206 passengers and a crew of 19 on board the airplane
and all received fatal injuries. During the recovery phase of the accident investigation, a fuselage skin
panel from Body Station 1920 (STA 1920) to Body Station 2181 (STA 2181), Stringer 23 right (S-23R) to
Stringer 49 left (S-49L) was recovered at Latitude - 23 degrees, 58 minutes, 51.702 seconds, Longitude —
119 degrees, 42 minutes, 43.722 seconds on June 30, 2002. This skin panel was given the identification
of item 640 by the Aviation Safety Council (ASC) of Taiwan (See Figure 1). Field examination of this
item revealed a number of areas exhibiting slow crack growth features (e.g. fatigue) along the fracture
above S-49L. Two sections (item 640C1 and C2 — see Figure 2) of this skin panel containing the fracture
above S-49L were sectioned from the wreckage by the ASC and submitted to the Chung Shan Institute of
Science and Technology (CSIST) for metallurgical examination. Representatives from Boeing Materials
Technology (BMT) participated in the examination of the subject skin panel at the CSIST during the
period of July 31, 2002 to September 6, 2002. An English translation (Ref. 1) of the draft CSIST factual
report was issued on October 14, 2002.

Subsequent to completion of this work, trawling efforts were undertaken to recover more wreckage. Upon
completion of this activity, the ASC requested that the subject fuselage skin panel examined by the
CSIST along with all recovered frame segments common to and in the vicinity of the subject skin panel be
submitted to BMT for metallurgical examination. Table | provides a description of all the wreckage items
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submitted by the ASC for examination. The ASC requested that BMT perform 1) verification of the work
conducted by the CSIST on the item 640C1 and C2 skin panel, 2) more extensive determination of crack
propagation characteristics of the fatigue cracks present on item 640C1 and 3) examination of all frame
segments recovered to date that were common to and in the vicinity of the item 640C1 and C2 skin panel.
Representatives from the ASC, NTSB, FAA, CSIST, and China Airlines participated in this examination at
the BMT laboratory starting November 6, 2002.

RESULTS:

EXAMINATION CONDUCTED AT CHUNG SHAN INSTITUTE OF SCIENCE AND TECHNOLOGY
(CSIST):

The following information was collected at the CSIST laboratories in Taichung, Taiwan during the period
of July 31, 2002 to September 6, 2002 in the presence of BMT personnel and is presented in this report
for formal documentation purposes.

External and Internal Condition of item 640C1 and C2:

Field notes were taken in Makung, Taiwan on item 640C1 and C2 fuselage skin panel sections to
document the condition of the items prior to shipment to the CSIST. Figure 2 provides a view of item 640
with the locations of 640C1 and C2 prior to removal in Makung. Figure 3 provides a view of the interior
surface of item 640C1 prior to disassembly at the CSIST laboratory. Item 640C1 contained a 23 inch
wide external repair doubler (from here on referred to as the doubler) from approximately STA 2060 to
STA 2180 which was installed after a tail strike event was experienced upon landing as reported in
reference 2). The doubler terminated between S-48L and S-49L on one side and between S-50R and S-
51R on the other side. The doubler was attached to the skin by two rows of countersunk rivets around its
periphery as well as by fasteners common to the stringer and shear tie locations. Universal head rivets
were used at S-51R and S-49L while countersunk rivets were used at S-50L and S-51L. Stringer slice
repairs were present forward and aft of STA 2160 at S-51R and S-49L. Each of the four splice repairs
measured approximately 11 inches in length. At STA 2160 a partial portion of the frame containing three
shear ties, the failsafe chord, a fragment of the web, and two stringer clips remained attached to the item
640C1 skin panel. No other frames were attached to either item 640C1 or C2 when the parts arrived in
Taichung. However, photographs taken aboard the recovery vessel show that a portion of the STA 2100
frame (item 2015) was attached to item 640C1 when it was recovered. A portion of S-50L between STA
2120 and STA 2140 was missing from item 640C1. Detailed notes were taken prior to disassembly
noting the condition of the shear tie and stringer clip attachment to the items 640C1 and C2 skin panels.
Table Il contains the results of this examination.

Doubler Rivet Spacing and Dimensions:

The spacing of the rivets for the two rows used to attach the doubler to the skin above S-49L was
measured from the forward edge of the doubler. Figure 4 provides general information on the spacing of
these rows in relationship to S-49L and the edge of the doubler. The driven rivet button diameter and
thickness of the two rows of rivets used to attach the doubler above S-49L and S-51R were collected as
well. Table Il and IV contain the rivet spacing, driven rivet button diameter, and driven rivet button
thickness data for the two rows above S-49L. Table V contains the driven rivet button diameter and
thickness data for the two rows above S-51R. The numbering convention assigned to the rivets was
established to provide a correlation to the field notes on this item. Reference to the body station location
at particular rivet locations is provided for easier identification. All rivets installed in the two rows above S-
49L and S-51R were Y4 inch diameter with the exception of a few blind rivets and smaller diameter solid
rivets at certain shear tie locations (see Tables Ill, IV, and V for details). Figure 3 of SRM 51-30-02 (ref.
3), “Dimensions for Driving Non-Fluid-Tight Solid Shank Rivet” provides requirements for the minimum
driven rivet button diameter and minimum driven rivet button thickness for installed rivets. For V4 inch
diameter rivets, the limits are 0.325 inch and 0.100 inch, respectively. The majority of rivets in the two
rows above S-49L and S-51R did not satisfy these SRM requirements (see Tables Ill, IV, and V for
details).
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EXAMINATION CONDUCTED AT BOEING:

The following information documents the results of the examination conducted at Boeing in the presence
of representatives from the ASC, NTSB, FAA, CSIST, and China Airlines during the period of November 6
to 22, 2002.

Examination of Fracture Surfaces above S-49L

The fracture surface common to the second row of rivets above S-49L between holes +17 and 93 were
examined with a combination of visual, low power optical (up to 30X magnification), high power optical (up
to 1000X), and Scanning Electron Microscopic (SEM) methods. This examination confirmed fatigue
cracks at all the locations reported by CSIST and identified three more fatigue cracks at holes +11 aft, 33
aft, and 34 aft. Figures 5 and 6 provide a detailed map of all fatigue cracks confirmed during examination
at Boeing. This figure incorporates the rivet spacing recorded in Table Ill and IV as well. The length of
the main fatigue crack centered about STA 2100 was 15.1 inches. Table VI provides the detailed crack
lengths of all the fatigue cracks presented in Figures 5 and 6. The cumulative length of fatigue cracking
was 25.4 inches. Low power optical examination was also performed to determine the origin of the
fatigue cracks. This examination determined that all of the fatigue cracks initiated from longitudinal
scratches on the faying surface of the skin with the doubler (original exterior surface of skin) from multiple
origins except for the following cracks: +14 aft, +12 aft, + 11 aft, +5 fwd, 33 fwd, 37 aft, 38 fwd, 38 aft, 39
aft, 41 fwd, 42 fwd, 43 aft, 49 aft, and 51 aft. The propagation direction of all fatigue cracks was through
the thickness of the skin. The extent of through-thickness propagation and origin location of the fatigue
cracks is provided in Table VI. Figures 7 and 8 provide views of some of the scratches present on the
faying surface of the skin to the doubler in relationship to the fatigue cracks. During examination a
number of secondary fatigue cracks were also observed initiating from the longitudinal scratches.

From Hole 4 to Hole 26 the fracture surface generally maintained a flat profile through the skin thickness,
with the exception of an intermediate segment between Holes 6 and 10 where the fracture assumed a
slanted profile. The forward and aft end of the flat profile fatigue fracture surfaces displayed transition
zones where the cracking mechanism changed from plane strain to plane stress conditions. Large
transition zones were associated with the forward and aft extension of the main fatigue cracking between
holes 10 and 25, as well as the forward extension of the fatigue cracking between holes 4 and 6 (see
Figures 9 through 11). Generally, the smaller flat profile fatigue regions forward of hole 3 and aft of hole
32 displayed relatively brief transition zones. Figures 12 through 14 demonstrate the very small transition
zones at holes +3 and 39.

Beyond the flat profile and transition zones of the main fatigue areas, the fracture surface contained
numerous segments that displayed indications of incremental crack growth (referred to as quasi-stable
crack growth in this report) that could be observed visually or with the aid of low power optical
instrumentation (Figures 15 and 16). In general, these indications were observed to increase in spacing
as the distance from the flat profile fatigue regions increased in both the forward and aft directions. Such
features were also observed on the fracture face between holes 6 and 10 with increasing spacing in the
forward direction (Figure 17). Incremental crack growth indications were observed as far forward as
approximately STA 2055 and as far aft as hole 56 (STA 2140).

Cyclic rubbing of the fracture surface and associated compression deformation of the cladding was
observed along the faying surface providing additional evidence of cracking that occurred prior to the
accident flight. Figure 18 shows the visible appearance of the fracture surface near holes 57, 58, and 59.
The damage that produced the scratches on the faying surface removed significant amounts of cladding.
However, all areas where cladding remained forward and aft of the main fatigue cracking displayed
compressive deformation due to crack closure as far forward as hole +17 and as far aft as hole 62.
Figures 19 through 21 are SEM photographs showing the appearance of such aluminum cladding
deformation. The remaining fracture aft of hole 62 displayed “necking”, which is typical of continuous
tensile loading to ultimate tensile separation (Figure 22). These observations suggest that cracking in the
skin was continuous from approximately STA 2055 to 2146, or approximately 93 inches prior to the
accident flight.
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Striation Counts

Although much of the fracture suffered from heavy corrosion, fatigue striations were resolved by SEM in
many local areas of the fatigue cracking regions as described in Figures 5 and 6. Striation counting was
performed at a number of locations along the flat profile fatigue regions of the fracture. Since the fracture
surface was not continuous from a single fatigue initiation origin to the ultimate extent of stage Il (striation
producing) cracking, it was not possible to estimate a time of initiation. Instead, the nature of cracking on
this detail provided numerous initiation sites along scratches on the faying surface, with subsequent
propagation in the through-thickness direction. Because cyclic cabin pressure is the prevailing driving
force for cracking at this detail, each striation is considered to represent the microscopic crack
advancement during one flight cycle of the airplane. Thus, striation counting was performed in order to
obtain an estimate of the number of flight cycles that contributed to the fatigue crack propagation through
the material thickness. Reference 1 reported the observation of “major” and “minor” striations. The
occurrence of striation-like features appearing between actual striations is not uncommon for fatigue
cracks in similar structural details propagating at mature growth rates. These minor striation-like features
are shown in Figure 23 and were ignored for striation counting purposes.

Fatigue cycle estimates were obtained at the locations on the fracture listed in Table VII along with the
calculated results. For each location, a traverse across the fracture at several points between the skin
surfaces was made by sampling striation spacing with SEM photographs (Figure 24). For determining the
crack length at each sample point, x and y Cartesian coordinates generated by the SEM stage were
recorded and compared with a reference slope using an analytical geometrical approach. Striation
spacing was determined by direct measurement from a photograph at each sampling location. The data
was reduced and calculated by employing a trapezoidal integration method, whereby the number of
cycles between two successive data points is equal to the distance divided by the average striation
spacing (half of the sum of the growth rates at the two points). Although this approach may not precisely
represent actual cracking behavior, it removes some of the subjectivity of assigning best-fit curves to
widely scattered data points and can provide useful information, given an understanding of its limitations.

In each case, there was a distance between the initiation site and the nearest location where striations
could be resolved. On the other end of each traverse, there was a distance between the inner surface of
the skin, labeled “end of cracking” (EOC) for striation counting purposes, and the point where striations
were observed. Hence, growth rates in those regions could not be determined. Since these distances
were sometimes a significant portion of the actual crack propagation, the results are reported in two
columns in Table VII. One column, “Total Cycles (Point)”, shows the estimated number of striations (or
flight cycles) between the first and last obtainable data point. Another column, “Total Cycles (Ext.)”,
includes that, as well as the unknown regions. This information is extrapolated by assuming constant
growth rate from the initiation site to, and equal to, the first obtainable data point. Again, such
extrapolation may not accurately represent actual fatigue cracking behavior, but it is presented here for
discussion purposes to account for an estimate of flight cycles that may have contributed to the cracking
up to that point and may be considered a minimum. The raw data collected, as well as the integrated
calculations are provided in the attached Appendix I.

Examination of Skin

Photographs showing features of the as-received item 640 C1 skin inboard and outboard (repair faying
surface) surfaces are shown in Figures 25 and 26 respectively. Protective finishes had previously been
removed from much of the repair faying surface at the CSIST to enable examination of skin damage
consistent with a tail strike event. Close-up photographs displaying the extent of damage consistent with
a tail strike are shown in Figures 27 through 36. This damage consists primarily of fore to aft (longitudinal)
scratching with the most severe scratching typically occurring at the location of skin stiffening members
such as skin stringers and body frame shear ties. Figure 37 displays the location of the most severe skin
damage. As noted in this photograph, the most severe damage consistent with a tail strike occurred on
the left hand side of the airplane in the area covered by the repair doubler. Evidence of an attempt to
blend out these skin scratches, in the form of rework sanding marks, was noted over much of the repair
surface.
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A surface replication medium was applied at five locations on the skin repair faying surface as shown in
Figure 38 to examine scratch geometry and depth. The locations were chosen to display surface features
typical to areas exhibiting major scratching. This medium creates a “positive” of the surface it is applied to,
enabling direct feature measurement from the replica. The maximum scratch depth measured with this
technique was 0.0096 inch. Composite photographs exhibiting scratch profiles at locations noted above
are shown in Figures 39 and 40.

The thickness of the skin was measured ultrasonically at several locations. Thickness measurements
were recorded in millimeters directly on the skin at point of measurement and are documented in Figures
41 through 46. The ultrasonic unit was calibrated using a reference sample and ultrasonic measurements
were also verified using a calibrated micrometer. Ultrasonic skin thickness measurement was a
duplication of work previously done at the CSIST, however the CSIST measurements were consistently
lower than measurements performed at Boeing. The reason for this discrepancy is unknown, but may
have been due to an instrument calibration error.

Corrosion was noted at several shear tie locations on the skin inboard surface sometimes penetrating
completely through the skin thickness. General features of this damage and the general condition of the
skin indicate that the corrosion most probably existed at the time of the accident, and was not a result of
salt water immersion after the event. Photographs displaying these corrosion features are shown in

Figures 47 through 49. Table VIII records visual observations of these features.

Open hole High Frequency Eddy Current (HFEC) inspection of the skin was performed on the outer two
rows of fastener holes associated with attachment of the repair doubler above S- 51R. A total of ten
crack indications were identified, nine occurred in the second fastener row above S-51R and one
occurred in the first fastener row above S-51R. Open hole HFEC inspection of the second row of
fastener holes above S-51R had previously been performed by a China Airlines inspector with three holes
indicating cracking. The skin/doubler sealant fillet region was inspected by HFEC using a surface probe.
Visual examination of this area previously identified longitudinal scratches in the skin in this region that
were different in appearance and severity (less severe) relative to probable tail strike scratches. These
scratches may have been the result of rework of the sealant fillet. No evidence of cracking was identified
in this region. This result was consistent with HFEC surface probe testing previously done at the CSIST.

"Cookie cuts” were excised from the skin at HFEC crack indications to enable further examination.
Figures 50 through 53 document the location of cookie cut samples. Cookie cuts 1 and 4 were
inadvertently damaged during removal, destroying all fastener bore features. The remaining excised
samples were penetrant inspected and optically examined to 50X. Cracking was visually identified on
three of the remaining cookie cuts (#3, #7and #9). Cracks in cookie cuts #3 and # 9 were successfully
opened, while #7 proved too small to open. Crack features were examined from low to high magnification
in a Scanning Electron Microscope (SEM). Figures 54 through 57 display the crack features. Cracking in
cookie cut #3 was the due to fatigue originating from multiple origins at the skin faying surface, away from
the fastener bore (Figure 54). The crack length was 0.028 inch and maximum crack penetration through
the skin thickness was 0.011 inch. Cracking in cookie cut #9 was also due to fatigue but initiated from the
fastener bore from an origin near the bore/skin repair faying surface interface (Figure 56). The crack
length and its propagation through the skin thickness were both 0.044 inch. Fatigue features seen in both
cracks were indicative of fuselage pressure cycles (Figures 55 and 57).

A metallographic specimen was removed from plane A-A (Figure 51) to examine scratch features
associated with sealent fillet seal scratching. A composite photograph of this section is shown in Figure
58. Maximum scratch depth was measured at 0.0037 inch. Plane AA also traversed the only area of
probable tail strike damage associated with the right hand side of the repair. The damage at this location
was much less severe than the skin damage on the left hand side of the repair. Figure 59 displays
surface features associated with the outer fastener row of the repair. A maximum scratch depth of 0.0008
was measured optically in this location.

Full size longitudinal (L) and long transverse (LT) tensile specimens were excised from the skin in the

vicinity of STA 2080, between stringers S-48R and S-50R. The specimens were tested to destruction and
tensile test results are recorded in Table IX. All values met minimum property requirements per QQ-A-
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250/5 for clad 2024-T3 sheet as specified by the engineering drawing. Specimen geometry and test
procedures were per ASTM B557.

Remnants of two Y4 inch diameter countersunk doubler repair rivets previously removed and labeled at
the CSIST were selected at random to determine their alloy and temper. These rivets were identified as
E64 and D51, however their location relative to installation in the repair was not provided.
Spectrochemical analysis verified the rivet alloy was 2017 per QQ-A-430 aluminum as recorded in Table
XIl. Hardness and conductivity measurements were indicative of the T4XXX temper as noted in Table XII.

The thickness of the fuselage skin was measured along the fracture above S-49L at intervals of 0.10 inch
from hole +17 to 56 using a calibrated point contact micrometer. The drawing required thickness at this
location is 0.071 inch with a tolerance of + 0.010 inch, — 0.004 inch. The measured skin thickness ranged
from 0.062 inch at hole 19 to 0.078 inch between hole 24 and 25. A number of localized areas with below
drawing allowed thickness were measured and were most likely due to the presence of a scratch or
localized rework. This thickness data was plotted along the length of the crack from hole +17 to 56 (see
Figure 60 for details).

Metallographic specimens were taken through the main fatigue region to characterize the depth and
geometry of the longitudinal scratches initiating the through-thickness fatigue cracks. The cross sections
were taken in the vicinity of STA 2100 between holes 18 and 19 and between holes 19 and 20. Figure 61
provides the location of the cross section taken between holes 18 and 19. At this location two
longitudinal scratches were visible with one being the initiation site for the primary fatigue crack forward of
hole 19 and another scratch being the site for initiation of the primary fatigue crack aft of hole 18. A
secondary fatigue crack under that primary fatigue crack aft of hole 18 was also present. Evidence of
rework blending (sanding) was present in the vicinity of the scratches. To accurately determine the depth
of these scratches a line was projected back to an area of undisturbed clad material. At this location the
depth of the scratches measured from 0.0043 inch (110 microns) to 0.0046 inch (118 microns) (see
Figure 62). The cross section taken between hole 19 and 20 represented an area with a number of
scratches where the primary fatigue crack aft of hole 20 and secondary fatigue crack initiated. Figure 63
provides the location where the cross section was taken. Rework sanding was also present at this
location and therefore a similar projection technique was employed to accurately determine the depth of
the scratches in this area. The depth of scratches ranged from 0.0056 inch (143 microns) at the primary
fatigue crack to 0.0025 inch (63 microns) at the secondary fatigue crack origin (see Figure 64)

Examination of Repair Doubler:

Visual examination revealed a light colored deposit on the overhanging portion of the faying surface of the
doubler (mating surface with skin) above the fracture surface at S-49L. Low power optical examination of
this area revealed that this light colored deposit had a similar appearance to the light blue exterior paint
applied to the doubler. This light colored deposit was on top of what appeared to be the sealant used
during installation of the doubler to the skin. The deposit was present between holes 10 and 25 with the
largest area observed between holes 14 and 22 (see Figures 65 and 66). Two samples of this deposit
were removed in the vicinity of hole 18 (STA 2100) and subjected to organic analysis utilizing Fourier
Transform Infrared Spectroscopy (FT-IR). A sample of the exterior paint on the doubler was also
removed as well as the sealant on the faying surface for baseline comparisons. FT-IR analysis of the
deposit revealed that the spectra of the light colored deposit was an excellent match to the reference light
blue exterior paint on the doubler (see Figure 67). Optical examination of the deposits showed that the
paint had cured in place and therefore must have flowed between the doubler and skin while wet. As
noted in the CSIST report the doubler in the vicinity STA 2100 was deformed locally in an outward
direction with the fractured skin. This observation, along with the confirmation of paint on the doubler
faying surface at STA 2100, would suggest that the doubler was displaced from the unrecovered portion
of the skin during the last repaint of the airplane. As was previously noted, the main fatigue crack was
centered about STA 2100 from hole 10 to 25.

Numerous areas of the overhanging portion of the faying surface of the doubler exhibited signs of
localized fretting above the S-49L fracture surface. The fretting damage was observed from hole +16
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(~STA 2061) to hole 49 (~STA 2132) with the most significant degree present between holes 8 and 43.
Low power optical examination determined the fretting damage resulted from hoop-wise movement. The
degree and position of this hoop wise fretting is documented in Table X with photographic examples
provided in Figure 68 and 69. The source of this fretting damage was not conclusively determined but
based on its location with respect to fatigue cracking and further progression of the crack in a quasi-stable
manner, it most likely is the result of repeated crack opening during crack propagation prior to the
accident flight.

Examination of Frame Segments:

All the recovered frame segments in the vicinity of the item 640C1 and C2 skin panel were submitted to
BMT for: 1) examination of all the fracture surfaces to determine fracture modes, evidence of pre-existing
damage, and fracture propagation direction; 2) examination of all shear ties for evidence of separation
direction from the skin panel; 3) material and temper verification of critical frame members (failsafe chord,
inner chord, and shear ties). A total of five frame segments from STA 2160, 2100, 2060, 2040, and 1940
were received for examination (see Table | for details). The following provides the results of this
examination on each of these frame segments:

STA 2160 Frame Segment Between S-51L to S-48L:

This frame segment was part of the recovered item 640C1 skin panel and was removed during
disassembly at the CSIST laboratory (see Figure 70). The overall condition of the submitted frame
segment as received by BMT is shown in Figures 71 and 72. The frame segment contained three shear
ties, the failsafe chord, a portion of a stringer clip and a portion of the web. A repair existed at the shear
tie between S-51L and S-50L. The repaired shear tie exhibited no corrosion, however, the mating interior
surface of the fuselage skin as previously described in Figure 49 displayed two pockets of exfoliation
corrosion with corresponding cracks visible on the exterior surface of the original skin (faying surface with
repair doubler). A significant lump of sealant was found attached to the aft side of the shear tie free
flange and skin flange. An impression of the skin corrosion was evident in the surface of the sealant
faying with the interior surface of the skin. The shear tie between S-50L and S-49L was heavily corroded
with no remaining skin flange attachment provided for examination. The associated mating interior
surface of the fuselage skin displayed no evidence of corrosion. The shear tie between S-49L and S-48L
was heavily corroded with no remaining skin flange attachment. The skin at this location was free of
corrosion on the interior surface mating with the shear tie skin flange, however this represents only a
small portion of the mating interior surface. The rest of associated mating interior surface has not been
recovered to date.

Visual and low power optical examination of the failsafe chord fractures at both forward and aft ends of
this frame segment revealed slanted fracture profiles with fracture morphologies consistent with ductile
separation. No evidence of any pre-existing damage (i.e. slow crack growth or corrosion) was present. A
considerable degree of post fracture mechanical damage (i.e. rub) was observed at the failsafe chord
fracture common to S-48L. Closer examination of the two shear ties between S-50L and S-48L revealed
a considerable degree of pre-existing exfoliation corrosion primarily at the mid thickness plane of the
shear tie (see Figures 73 and 74). Low power optical examination of these fracture surfaces revealed
further fragmentation by exfoliation corrosion or slanted type fractures with no evidence of any slow crack
growth.

The one shear tie with the skin flange still intact on the submitted frame segment (between S-51L and S-
50L) exhibited a compressed free flange and rivets pushed in the upward direction. The skin flange rivets
were fractured at the countersink head by what appeared to be straight tension type load. Prior to
disassembly of this frame segment from the Item 640C1 skin panel, notes were taken at the CSIST
laboratory (see Table Il) indicating that this shear tie was still attached to the skin but that the rivets were
completely pulled through the doubler but remained in the skin. This shear tie was also reported to
exhibit up and aftward deformation.

Spectrochemical analysis confirmed the failsafe chord was fabricated from 7075 aluminum alloy in
accordance with the drawing requirements (see Table Xl). Hardness and conductivity measurements
verified the drawing required T6 type temper (see Table XII for details). The same techniques determined
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that the material for the shear tie repair was 2024 aluminum alloy in the T4 type temper. The drawing
required thickness, material, and temper for this shear tie is 0.063 inch thick 7075-T62 aluminum alloy.
The thickness of this repair shear tie was measured by use of a micrometer to be 0.071 inch.

STA 2100 Frame Segment Between S-49L to S-48R (ltem 2015):

The overall condition of this frame segment as received by BMT is presented in Figures 75 and 76.

The fracture to the S-49L end of this frame segment was common to the failsafe chord, shear tie, web
and intermediate chord. Visual and low power optical examination of these fracture surfaces revealed
slanted fracture profiles with fracture morphologies consistent with ductile separation. No evidence of
pre-existing damage (slow crack growth or corrosion) was observed. The fractured end common to S-
49L exhibited deformation of the shear tie member in the forward direction and deformation of the web at
the intermediate chord location in the aft direction (refer to Figure 77). In addition, the hole in the shear
tie at the fracture location was elongated in the upward direction. No evidence of compressed or buckled
members at this area was noted.

Examination of the remaining fracture surfaces for the failsafe chord, shear ties, inner chord, and stringer
clips by visual and low power optical techniques revealed slanted fracture profiles with fracture
morphologies consistent with ductile separation. No evidence of any pre-existing slow crack growth or
corrosion on these fractures was observed.

The shear ties present on this frame segment were examined for evidence of separation direction from
the skin. The shear tie skin flange and skin attachment rivets were examined using visual and low power
optical techniques to determine if any evidence of loading direction was present. The shear tie between
S-49L and S-50L was fractured in the free flange and therefore no separation direction observations were
made or assessment of pre-existing corrosion in the skin flange. As previously noted extensive corrosion
existed through the thickness of the skin at this shear tie location. The shear tie between S-50L and S-
51L had a small portion of the skin flange at the inboard most fastener hole remaining. The remnants of
this fastener hole exhibited deformation in the downward direction indicative of a tensile pull through of
the fastener. The shear tie between S-51L and S-51R exhibited deformation at all three fastener holes
common to the skin in the downward direction as well. The skin flange of the shear tie between S-51R
and S-50R was not fractured but the inboard most fastener hole was deformed in the downward direction
with the rivet missing (see Figure 78). The remaining two rivets were fractured at the countersink and
exhibited fracture and deformation characteristics that indicated a forward component of this tensile load.
Similar results of the fracture and deformation characteristics indicative of a forward acting tensile load
were observed in the all three rivets common to the skin flange for the shear tie between S-50R and S-
49R. The shear tie between S-49R and S-48R had Hi-Loks installed at the skin flange. The Hi-Loks
were not fractured but the holes in the shear tie skin flange containing these fasteners were loose. The
holes in the mating skin at this shear tie location were deformed in the upward direction on the aft side of
the hole with witness marks on the forward side of the skin (see Figure 79). These observations were
consistent with all others for this frame indicating a forward acting tensile load on the shear ties of this
frame segment.

Spectrochemical analysis, hardness and conductivity measurements performed on samples of the failsafe
chord and inner chord of this frame segment confirmed that the failsafe chord and inner chord were
fabricated from the drawing required 7075 aluminum alloy in the T6 type temper. The shear tie sampled
was verified using the same methods as 2024 aluminum alloy in the T4 type temper in accordance with
the drawing requirements (see Table XI and Xl for details).

STA 2060 Frame Segment Between S-49L to S-51R (ltem 2014):

The as-received condition of this frame segment is shown in Figures 80 and 81. This frame segment
contained three stringer clips, two shear ties, the failsafe chord, the intermediate chord and a portion of
the web.

The fracture at S-49L was common with the failsafe chord and web. The shear tie at this location
fractured through one fastener hole inboard of this location. Visual examination of the fracture surface of
the failsafe chord revealed a slanted fracture profile, however, a heavy, dark deposit in a localized area of
the fracture precluded complete examination (see Figure 82). Attempts to remove this deposit using
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surfactants and solvents were unsuccessful. The remainder of this fracture surface was examined with
the use of low power optical techniques to reveal a fracture morphology characteristic of ductile
separation. No evidence of pre-existing corrosion or any fracture features indicative of slow crack growth
was present. The hole in the failsafe chord where the fracture propagated through exhibited elongation in
the inboard/outboard direction suggesting a tensile stress causing the fracture. The fracture surfaces of
the web and shear tie at this location were characterized by slanted profiles with fracture topographies
typical of ductile separation.

The other end of this submitted frame segment was fractured at S-51R through the failsafe chord, shear
tie and web. All of the fractures exhibited significant post fracture damage consisting of mechanical
damage (i.e. rub) and corrosion due to immersion in salt water. The preserved fracture surfaces exhibited
slanted fracture profiles with overall fracture topographies consistent with ductile separation when viewed
using visual and low power optical techniques.

Visual examination of the shear ties from this frame segment was performed to determine the direction of
separation from the skin. The shear tie between S-51R and S-51L was missing the skin attachment rivets
and contained no fractures, however, the skin flange was bent in the downward direction. The shear tie
between S-51L and S-50L was fractured at the inboard most fastener hole common to the skin flange.
The middle fastener hole was deformed in the downward direction. The outboard most rivet remained in
the skin flange with the manufactured countersink head pulled off (see Figure 83). This shear tie also
exhibited downward deformation of the skin flange. The shear tie between S-50L and S-49L was also
missing the skin attachment rivets and exhibited downward deformation of the middle skin flange fastener
hole. In addition, the stringer clip at S-51L exhibited a bearing fracture through one of the attachment
lugs. All these observations were consistent with the application of a straight tensile load on the shear
ties of this frame segment.

Spectrochemical analysis, hardness, and conductivity testing of samples of the failsafe chord and shear
tie confirmed the drawing required materials of 7075-T62 and 2024-T42 aluminum alloys, respectively.
Results of this testing are provided in Tables XI and XII.

STA 2040 Frame Segment Between S-50L to S-42R (ltem 740):

Figure 84 and 85 provide overall views of the aft and forward faces of this frame segment submitted for
examination.

The failsafe chord, web, and shear tie all were fractured at S-51L. At S-42R the fracture was common
with the failsafe chord and web. Examination of these fracture surfaces with the use of visual and low
power optical techniques revealed slanted fracture profiles with no evidence of any pre-existing corrosion
or slow crack growth regions. The overall fracture morphologies were consistent with ductile separation.
At S-51R, the failsafe chord was fractured at the free flange radius with deformation consistent with
compression buckling (see Figure 86). All of the inner chord fractures exhibited slanted fracture profiles
with fracture morphologies consistent with ductile separation as well.

All of the shear ties on this frame segment with the exception of the two at the far right side (between S-
42R and S-44R) exhibited no fractures. The extruded “T” shear tie between S-42R and S-43R was
fractured through the forward skin flange while the sheet metal shear tie between S-43R and S-44R was
fractured through the free flange. Visual and low power optical examination of these fracture surfaces
revealed slanted fracture profiles with fracture morphologies typical of ductile separation. The remainder
of the shear ties on this frame experienced skin flange rivet fractures. These rivet fractures were
examined to help determine the direction of loading during separation from the skin. The skin flange
rivets present on the three shear ties between S-45R and S-48R exhibited evidence of loading in the
forward to forward/inboard direction (see Figure 87) while the four shear ties between S-48R and S-51L
exhibited evidence of loading in the aft/outboard direction (note the direction of loading for the shear tie
between S-51R and S-51L was identical to the other three shear ties) (see Figure 88). All these shear
ties exhibited no deformation except for the location between S-45R and S-46R which exhibited forward
deformation.

Spectrochemical analysis, hardness and conductivity measurement performed on samples of the failsafe
chord and inner chord from this frame segment confirmed these items were fabricated from the drawing
required 7075 aluminum alloy in the T6 type temper. The shear tie sampled was verified using the same
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methods as 2024 aluminum alloy in the T4 type temper in accordance with the drawing requirements (see
Table Xl and XIl for details).

STA 1940 Frame Segment between S-50L and S-43L (Iltem 2086):

The as-received condition of this frame segment is shown in Figures 89 and 90. This frame segment
contained two repairs of shear tie locations and one repair to the web. The shear ties were repaired
between S-50L and S-49L with the use of a doubler (see Figure 91) and between S-46L and S-44L with
the use of a replacement shear tie/doubler combination (see Figure 92). The web was repaired with the
use of a doubler placed on the aft side under the cut-out between S-50L and S-49L (see Figure 93).

The frame segment was fractured at the failsafe chord, web, and shear tie at S-50L. Visual and low power
optical examination of all of these fracture surfaces revealed slanted fracture profiles with fracture
topographies consistent with ductile separation. No evidence of pre-existing cracking or corrosion was
observed on any of these fractures. The inner chord at S-50L was also fractured and exhibited a slanted
fracture profile. Low power optical examination of this fracture surface revealed a considerable degree of
post fracture mechanical damage (i.e. rub), however, localized areas that could be viewed exhibited a
fracture morphology consistent with ductile separation. The inner chord was also fractured through the
free flange between S-50L and S-48L. Examination of these fracture surfaces also revealed slanted
profiles with fracture morphologies typical of ductile separation. Between S-44L and S-43L the fracture
was common to the failsafe chord and web. The fractures at this location exhibited slanted profiles,
however, a very heavy deposit existed precluding a closer examination to determine the fracture
morphology. Attempts to remove this deposit using surfactants and solvents were unsuccessful. No
obvious signs of deformation that would indicate a direction of loading or fracture were observed on any
of these fractures. Localized deformation was observed on the failsafe chord in the upward direction just
outboard of S-49L and in the downward direction just outboard of S-48L and S-46L.

The shear ties present on this frame segment were examined for evidence of separation direction from
the skin. This frame segment exhibited fractured shear ties at two locations: between S-45L and S-44L
and between S-45L and S-46L. The repair shear tie between S-45L and S-44L was fractured through the
inboard most hole by what appeared to be a bearing type fracture. The deformation was observed at this
location in the outboard direction. The remaining skin flange attachment rivets were fractured in an
outboard direction as well (see Figure 94). The shear tie between S-46L and S-45L was fractured
through the free flange of the production shear tie and therefore no separation direction observations
were made. Visual and low power optical examination of this fracture surface revealed a slanted profile
with a morphology consistent with ductile separation. The remaining shear ties were not fractured but
exhibited either fractured skin flange attachment rivets or deformation. These skin flange attachment
rivets were examined using visual and low power optical techniques to determine if any evidence of
loading direction was present. On the shear tie between S-50L and S-49L three of the skin flange
attachment rivets were fractured in the forward to outboard direction while the inboard most rivet exhibited
evidence of an inboard direction of loading (see Figure 95). All the skin flange attachment rivets of the
shear tie between S-49L and S-48L showed signs of fracture in the forward to inboard direction (see
Figure 96). The skin flange attachment rivets for the shear tie between S-48L and S-47L were not
fractured but the shear tie exhibited general deformation in the aft direction. On the shear tie between S-
47L and S-46L the two outboard most skin flange attachment rivets were fractured in the forward to
outboard direction while the two inboard most rivets exhibited evidence of an aft to outboard direction of
loading (see Figure 97).

Between S-47L and S-44L the stringer clips were missing from this frame segment. The rivet fractures
and or hole deformation at these locations were examined to determine if any evidence of separation
direction was present. At all of these stringer clip locations the rivets were fractured and remained in the
shear tie except at the lower attachment hole at S-47L which was missing the rivet. All of the fractured
rivets that could be viewed (some of the fractures existed at the web/shear tie interface) exhibited signs of
loading in the downward direction. The lower attachment hole at S-47 exhibited elongation in the
downward direction as well (see Figure 98).

Spectrochemical analysis, hardness and conductivity measurement performed on samples of the failsafe
chord and inner chord from this frame segment confirmed these items were fabricated from the drawing
required 7075 aluminum alloy in the T6 type temper. The shear tie sampled was verified using the same
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methods as 2024 aluminum alloy in the T4 type temper in accordance with the drawing requirements (see
Tables XI and XlI details).

CONCLUSIONS:

1.

The item 640 skin fracture common to the second row of rivets above S-49L initiated from
multiple through-thickness fatigue cracks centered about STA 2100. The length of this fatigue
region was 15.1 inches. Additional through-thickness propagating fatigue cracks were present as
far forward as hole +14 (~ STA 2061) and as far aft as hole 51 (~ STA 2134). The cumulative
length of all fatigue cracks was 25.2 inches.

Beyond the main fatigue region, the cracking mechanism transitioned from through-thickness
propagating fatigue (Stage I, striation-producing) and matured to quasi-stable incremental growth
in the forward and aft directions. Evidence of progression of the crack in this quasi-stable manner
prior to the accident flight (onset of unstable ultimate separation) was observed as far forward as
STA 2055 and as far aft as STA 2146 (approximately 93 inches).

All of the fatigue cracks initiated from longitudinal scratches on the faying surface of the skin with
the doubler (original exterior surface of skin) from multiple origins except for a few discreet cracks
forward of approximately STA 2068 and aft of approximately STA 2112.

The scratches initiating the main fatigue crack centered about STA 2100 ranged in depth from
0.0043 inch to 0.0056 inch and were consistent with unremoved damage induced during a
previous tail strike event (ref. 2).

The skin scratches were most severe in the left hand / forward region of the skin covered by the
repair doubler.

The faying surface of the repair doubler contained a deposit of paint matching the paint on the
exterior surface of the doubler. The paint deposit was centered about STA 2100 in the same
area as the main fatigue crack. Local outward deformation of the doubler with the fractured skin
was reported at STA 2100 in the CSIST report. These observations suggest that the doubler and
fractured skin were locally displaced from the unrecovered portion of the skin prior to the last
repaint of this area.

Numerous hoop-wise fretting marks were observed on the overhanging portion of the faying
surface of the doubler from approximately STA 2061 to STA 2132. The source of this fretting
damage was not conclusively determined but based on its location with respect to fatigue
cracking and further progression of the crack in a quasi-stable manner, it is most likely the result
of repeated crack opening during propagation prior to the accident flight.

All of the frame segment members submitted for examination fractured by ductile separation with
no evidence of pre-existing damage (i.e. slow crack growth or corrosion) with the exception of the
STA 2160 frame which exhibited extensive pre-existing exfoliation corrosion at the two shear tie
locations between S-50L and S-48L.

Spectrochemical analysis, hardness and conductivity measurements confirmed that the failsafe
chord, inner chord, and shear tie members of the frame segments submitted for examination
were fabricated from the drawing required materials and tempers. The material and temper used
for the shear tie repair at STA 2160 was 2024-T4X contrary to the drawing required 7075-T62.
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Table I.

Description of wreckage items submitted to BMT for examination.

ASC General Boeing Boeing Part Material & Heat | Material Finish
Assigned | Description Part Name Treat Specification
ltem Number
Number
Section 46 Skin 65B04152 | Skin Panel Skin — Skin — Interior surface -
Panel — STA 2060 Instl — STA Clad 2024-T3 QQ-A-250/5 chromic acid
to 2180, S-49L to 1961.10 to anodize + one
S-49R STA 2181.10, coat of BMS 10-
640C1 S-46L to S- 11 primer + BMS
46R 10-11 enamel
Frame Segment— | 65B04345 | Frame Instl— | Shear Ties — Shear Ties — Same as ltem
STA 2160, S-49L to Body STA 7075-T62 QQ-A-250/12 2015
S-51L 2160, Lower
Lobe Failsafe Chord - | Failsafe Chord
7075-T62 QQ-A-200/11
640C2 Section 46 Skin 65B04152 | Skin Panel Skin - Skin — QQ- | Same as 640C1
Panel — STA 2046 Instl — STA Clad 2024-T3 A-250/5
to 2060, S-49L to 1961.10 to
S-49R STA 2181.10,
S-46L to S-
46R
2015 Frame Segment — 65B04342 | Frame Instl — | Shear Ties — Shear Ties — Alodine or
STA 2100, S-49L to STA 2100, 2024-T42 QQ-A-250/4 chromic acid
S-48R Lower Lobe anodize + one
Inner Chord — Inner Chord — coat of BMS 10-
7075-T6511 QQ-A-200/11 11 primer + BMS
10-11 enamel
Failsafe Chord — | Failsafe Chord
7075-T62 QQ-A-200/11
2014 Frame Segment — 65B04340 | Frame Instl — | Shear Ties — Shear Ties — Same as ltem
STA 2060, S-49L to STA 2060, 2024-T42 QQ-A-250/4 2015
S-51R Lower Lobe
Failsafe Chord — | Failsafe Chord
7075-T62 QQ-A-200/11
740 Frame Segment— | 65B04339 | Frame Instl— | Same as ltem Same as ltem Same as ltem
STA 2040, S-50L to Body Station 2015 2015 2015
S-42R 2060, Lower
Lobe
2086 Frame Segment— | 65B04334 | Frame Instl— | Same as ltem Same as ltem Same as ltem
STA 1940, S-50L Body Station 2015 2015 2015
TO S-43L 1940, Lower
Lobe
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Right Side View

oooaoacoaoa

Item 640 —

Fuselage skin panel from Body Station
1920 (STA 1920) to Body Station 2181
(STA 2181), Stringer 23 right (S-23R)

to Stringer 49 left (S-49L)

Left Side View

Area exhibiting slow crack growth
features in skin during field
examination

Figure 1.
Partial wreckage recovery map for CI611 showing the location of the item 640 skin panel and the
area where slow crack growth features were found in the skin along S-49L during field examination.
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Edge of repai\r»doubler
between
S-50R and S-51R

Edge of repair doubler : 4
between S-48L and e \

S-49L : -
N — % - BN
2080

Figure 2.
Iltem 640C1 and C2 Skin panel segments prior to removal from the parent item 640 wreckage in Makung, Taiwan.

Figure 3.
Interior surface of ltem 640C1 as received at CSIST laboratory in Taichung, Taiwan.
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Table .

Schematic representation of shear tie and stringer clip attachment to item 640C1 and C2 skin sections.
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Table Il Continued

LEGEND:

S= Solid rivet that failed in shear. Portion of fastener remains.

= Fastener is missing.

= Fastener remains in hole, suggesting tensile pull-away for shear tie locations.

= Fastener remains in hole retaining segment of the stringer clip.

= Hi-Lok fastener remains. All Hi-Lok fasteners at the stringer clip locations were observed to retain a
segment of a fractured stringer clip.

= Stringer is cracked/fractured through this area. The fastener is missing.

Note 1:
Note 2:
Note 3:
Note 4:
deformation.
Note 5:

tie.

Note 6:

Note 7:

Note 8:
Note 9:

Note 10:

Three Hi-Lok fasteners retain a piece of shear tie with residual upward deformation.
Four solid rivets retain a piece of shear tie with residual upward deformation.

Two solid rivets retain a piece of shear tie with residual upward deformation.

Shear ties are still attached to skin and portion of frame which exhibits up and aftward

Rivets are partially pulled through, completely through doubler but remaining in skin and shear

Complete stringer clip still attached to stringer with two fwd rivets. Clip is missing all other
fasteners. One hole common to frame is elongated upward. Stringer is fractured through two
aft holes.

Stringer clip fractured with extensive residual deformation (includes crushing). All fasteners
common to stringer remain.

Stringer segment missing at this location.

Portion of frame remains attached to stringer at this location with aftward deformation.
Fasteners common to stringer and clip are Hi-Loks.

Portion of frame remains attached to stringer at this location with aftward deformation.
Fasteners common to stinger are Hi-Loks on FWD side and rivets on AFT side.
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Figure 4.

Schematic showing the spacing of the two rows of rivets in relationship to S-49L and the edge of the doubler.

First Row
Above
) Second
Leading Edge of Row Above
Doubler S-491,
A
|
+
o+ + A Length (inches)
| as recorded in
UP |
—> 4o Table Il and IV
1 2 4
|
\J
| —
AFT 21 inches I +
1+
I +
|
|
I + +
1
STA 2080 v -+ +
1
Factory-installed fastener location, common to |
frame at STA 2080 and S-49L |
|
|
1.25 in. (typ) —>
I Edge of Doubler
1
|
1.94 in. (typ) |
>
|
|
|
2.5 in. (typ) < .
1
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Repair doubler rivet spacing and driven rivet dimensions for first row above S-49L.

Table Ill

Length from

Driven Rivet Button

Body Station| Leading Edge of Driven Rivet Button Thickness or Height
Rivet No. | Reference | Doubler (inches) Diameter (inch) (inch) Notes

1 0.69 0.322 0.103 underdriven
2 1.44 0.300 0.124 underdriven
3 2.50 0.343 0.070 overdriven
4 3.88 0.325 0.068 overdriven
5 5.31 0.350 0.060 overdriven
6 6.69 0.337 0.060 overdriven
7 8.06 0.339 0.060 overdriven
8 9.50 0.340 0.060 overdriven
9 10.81 0.337 0.060 overdriven
10 12.25 0.339 0.060 overdriven
11 13.69 0.344 0.070 overdriven
12 15.00 0.337 0.071 overdriven
13 16.38 0.337 0.069 overdriven
14 17.69 0.327 0.103

15 19.06 0.313 0.082 overdriven
16 20.38 0.365 0.078 overdriven
17 ~2081 21.38 0.388 0.073 overdriven
18 23.50 0.325 0.084 overdriven
19 25.06 0.337 0.081 overdriven
20 26.38 0.387 0.065 overdriven
21 27.63 0.318 0.093 overdriven
22 29.06 0.339 0.068 overdriven
23 30.38 0.338 0.071 overdriven
24 31.75 0.300 0.101

25 33.25 0.325 0.096 overdriven
26 34.63 0.331 0.076 overdriven
27 36.00 0.336 0.062 overdriven
28 37.56 0.358 0.058 overdriven
29 38.94 0.331 0.076 overdriven
30 40.38 0.373 0.061 overdriven
31 2100 41.75 0.391 0.077 overdriven
32 43.19 0.315 0.115 underdriven
33 44.56 0.37 0.076 overdriven
34 45.94 0.36 0.065 overdriven
35 47.25 0.35 0.067 overdriven
36 48.75 0.38 0.064 overdriven
37 50.19 0.35 0.068 overdriven
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Table IlIl Continued

Length from Leading

Driven Rivet Button

Body Station Edge of Doubler Driven Rivet Button Thickness or Height
Rivet No.| Reference (inches) Diameter (inch) (inch) Notes

38 51.63 0.33 0.068 Overdriven
39 52.94 0.32 0.082 overdriven
40 54.44 0.342 0.060 overdriven
41 55.88 0.327 0.069 overdriven
42 57.38 0.335 0.067 overdriven
43 58.75 0.337 0.075 overdriven
44 60.25 0.348 0.061 overdriven
45 61.50 0.334 0.066 overdriven
46 ~2121 63.00 0.307 0.087 overdriven
47 64.38 0.331 0.060 overdriven
48 65.75 0.344 0.055 overdriven
49 67.06 0.328 0.056 overdriven
50 68.44 0.324 0.075 overdriven
51 69.88 0.327 0.065 overdriven
52 71.25 0.335 0.068 overdriven
53 72.63 0.336 0.067 overdriven
54 74.00 0.332 0.057 overdriven
55 75.50 0.356 0.063 overdriven
56 76.94 0.348 0.061 overdriven
57 78.19 0.370 0.058 overdriven
58 79.50 0.348 0.050 overdriven
59 80.75 0.355 0.053 overdriven
60 2140 82.44 0.343 0.053 overdriven
61 83.94 0.357 0.118

62 85.25 0.349 0.095 overdriven
63 86.63 0.360 0.090 overdriven
64 88.00 0.351 0.060 overdriven
65 89.56 0.340 0.095 overdriven
66 90.88 0.341 0.096 overdriven
67 92.25 0.317 0.100

68 93.69 0.358 0.100

69 95.00 0.320 0.100 underdriven
70 96.38 0.370 0.095 overdriven
71 97.88 0.367 0.100

72 99.25 0.382 0.090 overdriven
73 100.63 0.370 0.110

74 102.00 0.330 0.150

75 ~2161 103.63 0.298 0.150 underdriven
76 104.88 0.321 0.160 underdriven
77 106.19 0.332 0.105
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Table IlIl Continued

Length from Leading

Driven Rivet Button

Body Station Edge of Doubler Driven Rivet Button Thickness or Height

Rivet No.| Reference (inches) Diameter (inch) (inch) Notes
78 107.56 0.350 0.094 overdriven
79 109.00 0.370 0.092 overdriven
80 110.44 0.390 0.087 overdriven
81 111.75 0.367 0.127
82 113.19 0.378 0.107
83 114.69 0.364 0.116
84 116.13 0.350 0.100
85 117.38 0.368 0.085 overdriven
86 118.88 0.396 0.082 overdriven
87 120.13 0.361 0.080 overdriven
88 121.13 0.358 0.083 overdriven
89 122.00 0.401 0.094 overdriven
90 123.25 missing missing
91 124.19 missing missing

AFT
Edge of
Doubler 124.81 n/a n/a
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Table IV

Repair doubler rivet spacing and driven rivet dimensions for second row above S-49L.

Length from Driven Rivet Button
Body Station | Leading Edge of | Driven Rivet Button | Thickness or Height
Rivet No. Reference Doubler (inches) Diameter (inch) (inch) Notes
+17 0.31 missing missing
+16 ~2061 1.50 0.367 0.091 overdriven
+15 2.50 0.359 0.085 overdriven
+14 3.56 0.334 0.101
+13 4.56 0.357 0.113
+12 5.81 0.349 0.100
+11 7.06 0.400 0.080 overdriven
+10 8.19 0.345 0.095 overdriven
+9 9.38 0.357 0.095 overdriven
+8 10.50 0.368 0.095 overdriven
+7 11.63 0.357 0.088 overdriven
+6 12.81 0.356 0.096 overdriven
+5 14.00 0.331 0.105
+4 15.25 0.350 0.105
+3 16.56 0.333 0.114
+2 17.88 0.393 0.070 overdriven
+1 19.25 0.356 0.100
0 20.06 0.371 .1035/.0835 overdriven
1 2080 21.00 0.213 0.138 blind rivet
2 22.50 0.319 0.111 half bucked
3 23.81 0.421 0.076 overdriven
4 25.00 0.397 0.062 overdriven
5 26.44 0.389 0.091 overdriven
6 27.63 0.393 .0805/.094 overdriven
7 29.19 0.422 0.077 overdriven
8 30.75 0.389 .0735/.0835 overdriven
9 32.00 0.395 .0725/.095 overdriven
10 33.19 0.428 0.080 overdriven
11 34.38 0.400 0.077 overdriven
12 35.44 0.385 0.075 overdriven
13 36.63 0.400 0.079 overdriven
14 37.69 0.399 0.077 overdriven
15 38.75 0.374 0.088 overdriven
16 39.81 0.401 0.075 overdriven
17 40.81 0.373 0.088 overdriven
18 2100 41.63 0.237 0.136 blind rivet
19 42.19 0.399 0.058 overdriven
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Table IV Continued

Length from Leading

Driven Rivet Button

Body Station | Edge of Doubler |Driven Rivet Button| Thickness or Height
Rivet No. Reference (inches) Diameter (inch) (inch) Notes

20 43.25 0.424 0.074 overdriven
21 44.50 0.413 0.081 overdriven
22 45.56 0.384 0.087 overdriven
23 46.56 0.380 .0975/.08 overdriven
24 47.63 0.348 .0955/.0925 overdriven
25 48.63 0.370 .0855/.095 overdriven
26 49.81 0.383 0.073 overdriven
27 50.81 0.377 0.070 overdriven
28 52.06 0.355 0.100

29 53.25 0.358 0.095 overdriven
30 54.44 0.369 0.072 overdriven
31 55.63 0.326 0.110

32 56.75 0.340 0.094 overdriven
33 57.81 0.357 0.081 overdriven
34 58.81 0.352 0.088 overdriven
35 59.81 0.346 0.103

36 60.69 0.364 0.082 overdriven
37 61.50 .3125/.289 0.100 underdriven
38 2120 62.00 0.277 0.121 7/32 rivet
39 63.19 0.360 0.109

40 64.38 0.351 0.096 overdriven
41 65.31 0.347 0.100

42 66.44 0.358 .111/.0725 overdriven
43 67.56 0.338 0.108

44 68.75 0.376 0.089 overdriven
45 70.06 0.361 0.100

46 71.13 0.375 0.088 overdriven
47 72.19 0.364 0.102

48 73.38 0.372 0.093 overdriven
49 74.50 0.365 0.084 overdriven
50 75.56 0.312 0.109 underdriven
51 76.63 0.342 0.100

52 77.69 0.330 0.102

53 78.75 0.333 0.096 overdriven
54 79.88 0.350 0.100

55 80.31 0.322 0.106 underdriven

hole cut during

56 2140 82.50 missing missing disassembly
57 83.50 0.355 0.102

58 84.63 0.407 0.096 overdriven
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Table IV Continued

Length from Leading

Driven Rivet Button

Body Station | Edge of Doubler |Driven Rivet Button| Thickness or Height
Rivet No. Reference (inches) Diameter (inch) (inch) Notes
59 85.75 0.365 0.104
60 86.75 0.378 0.100
61 87.81 0.394 0.080 overdriven
62 88.94 0.386 0.086 overdriven
63 89.94 0.358 0.089 overdriven
64 90.88 0.361 0.087 overdriven
65 91.88 0.370 0.076 overdriven
66 92.94 0.394 0.082 overdriven
67 94.06 0.365 0.083 overdriven
68 95.50 0.350 0.088 overdriven
69 96.63 0.363 0.085 overdriven
70 97.88 0.386 0.079 overdriven
71 99.00 0.361 0.088 overdriven
72 100.13 0.388 0.075 overdriven
73 101.38 0.381 0.076 overdriven
74 2160 102.94 0.259 0.165 3/16 rivet
75 104.19 0.318 0.104 underdriven
76 105.25 0.379 0.072 overdriven
77 106.38 0.347 0.091 overdriven
78 107.38 0.346 0.103
79 108.50 0.336 0.111
80 109.56 0.352 0.110
81 110.63 0.344 0.100
82 111.75 0.372 0.075 overdriven
83 112.75 0.353 0.100
84 114.00 0.353 0.100
85 115.13 0.352 0.100
86 116.25 0.365 0.086 overdriven
87 117.38 0.361 0.090 overdriven
88 118.50 0.377 0.100
89 119.75 0.374 0.080 overdriven
90 120.81 0.381 0.075 overdriven
91 121.88 0.400 0.080 overdriven
92 123.31 missing missing
93 124.19 missing missing
AFT edge of
doubler 124.81 n/a n/a
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Table V

Repair doubler driven rivet dimensions for first and second rows above S-51R.

First Row Above S-51R Second Row Above S-51R
Driven Driven
Driven Rivet Rivet
Rivet Button Driven Rivet| Button
Body Button | Thickness Body Button Thickness
Station Diameter | or Height Station Diameter | or Height
Rivet No.| Reference (inch) (inch) Notes | Rivet No.|Reference (inch) (inch) Notes
1 0.30 N/A +16 missing missing
2 0.33 0.12 +15 0.303 0.152  |underdriven
3 0.32 0.08 Overdriven| +14 0.327 0.121
4 0.35 0.08 Overdriven| +13 0.335 0.106
5 0.43 0.10 +12 0.352 0.103
6 0.33 0.09 Overdriven| +11 0.328 0.127
7 0.33 0.08 Overdriven| +10 0.341 0.115
8 0.31 0.09 Overdriven +9 0.341 0.108
9 0.32 0.08 Overdriven +8 0.341 0.109
10 0.31 0.10 +7 0.349 0.091  |overdriven
11 0.32 0.09 Overdriven +6 0.329 0.109
12 0.35 0.09 Overdriven +5 0.335 0.118
13 0.35 0.09 Overdriven +4 0.320 0.131  |underdriven
14 0.34 0.15 +3 0.352 0.117
15 0.35 0.08 Overdriven +2 0.316 0.130  |underdriven
16 ~2081 0.35 0.09 Overdriven +1 0.333 0.134
17 0.35 0.08 Overdriven +0 0.362 0.107
18 0.36 0.08 Overdriven 1 2080 0.299 0.153 3/16 rivet
19 0.34 0.08 Overdriven 2 0.331 0.114
20 0.36 0.08 Overdriven 3 0.344 0.120
21 0.33 0.11 4 0.344 0.114
22 0.35 0.08 Overdriven 5 0.362 0.104
23 0.34 0.16 6 0.355 0.106
24 0.33 0.07 Overdriven 7 0.356 0.103
25 0.34 0.08 Overdriven 8 0.383 0.095 |overdriven
26 0.34 0.07 Overdriven 9 0.384 0.070  |overdriven
27 0.35 0.08 Overdriven 10 0.349 0.106
28 0.34 0.08 Overdriven 11 0.349 0.107
29 0.35 0.09 Overdriven 12 0.375 0.090 |overdriven
30 2100 0.32 0.10 13 0.354 0.100
31 0.37 0.08 Overdriven 14 0.368 0.100
32 0.34 0.09 Overdriven 15 0.360 0.089 |overdriven
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Table V Continued

First Row Above S-51R

Second Row Above S-51R

Driven Driven
Rivet |Driven Rivet Rivet |Driven Rivet
Body Button Button Body Button Button
Station Diameter (Thickness or Rivet Station Diameter [Thickness or
Rivet No.| Reference| (inch) |Height (inch)]  Notes No. | Reference (inch)  |Height (inch)]  Notes

34 0.34 0.10 17 0.377 0.086  |overdriven
35 0.35 0.09 overdriven 18 0.376 0.087  |overdriven
36 0.34 0.08 overdriven 19 0.392 0.084  |overdriven
37 0.34 0.10 20 0.362 0.103
38 0.32 0.10 21 2100 0.266 0.152 3/16 rivet
39 0.32 0.10 22 0.391 0.091 overdriven
40 0.35 0.14 23 0.372 0.085 |overdriven
41 0.34 0.07 overdriven 24 0.352 0.101
42 0.35 0.07 overdriven 25 0.385 0.093  |overdriven
43 0.320 0.080 overdriven 26 0.363 0.098 |overdriven
44 0.350 0.080 overdriven 27 0.386 0.079  |overdriven
45 ~2121 0.30 0.100 underdriven| 28 0.372 0.086  |overdriven
46 0.35 0.07 overdriven 29 0.367 0.080 |overdriven
47 0.35 0.090 overdriven 30 0.393 0.081 overdriven
48 0.33 0.090 overdriven 31 0.385 0.082  |overdriven
49 0.36 0.09 overdriven 32 0.371 0.090 |overdriven
50 0.35 0.07 overdriven 33 0.385 0.079  |overdriven
51 0.33 0.08 overdriven 34 0.389 0.075  |overdriven
52 0.32 0.08 overdriven 35 0.387 0.079  |overdriven
53 0.32 0.09 overdriven 36 0.387 0.073  |overdriven
54 0.33 0.08 overdriven 37 0.409 0.073  |overdriven
55 0.32 0.08 overdriven 38 0.410 0.075 |overdriven
56 0.32 0.08 overdriven 39 0..396 0.081 overdriven
57 0.36 0.08 overdriven 40 2120 0.267 0.126 3/16 rivet
58 0.34 0.07 overdriven 41 0.343 0.119
59 2140 0.33 0.09 overdriven 42 0.372 0.092  |overdriven
60 0.34 0.08 overdriven 43 0.409 0.096  |overdriven
61 0.32 0.09 overdriven 44 0.391 0.079  |overdriven
62 0.31 0.10 45 0.370 0.087 |overdriven
63 0.34 0.08 overdriven 46 0.383 0.092  |overdriven
64 0.36 0.07 overdriven 47 0.362 0.087  |overdriven
65 0.32 0.09 overdriven 48 0.362 0.087  |overdriven
66 0.35 0.10 49 0.340 0.103
67 0.35 0.08 overdriven 50 0.361 0.077  |overdriven
68 0.34 0.07 overdriven 51 0.339 0.105
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Table V Continued

First Row Above S-51R

Second Row Above S-51R

Driven
Driven Rivet
Rivet Driven Rivet Driven Rivet | Button
Body Button Button Body Button Thickness
Station | Diameter |Thickness or Station Diameter | or Height
Rivet No.| Reference| (inch) |Height (inch)] Notes |Rivet No.|Reference (inch) (inch) Notes
70 0.36 0.07 Overdriven 53 0.336 0.100
71 0.35 0.08 Overdriven 54 0.352 0.092 |overdriven
72 0.36 0.10 55 0.354 0.087 |overdriven
73 0.35 0.10 56 0.342 0.093 |overdriven
74 2160 0.36 0.09 Overdriven 57 0.335 0.105
75 0.36 0.07 Overdriven 58 0.396 0.086 |overdriven
76 0.360 0.08 Overdriven 59 0.365 0.080 |overdriven
77 0.37 0.08 Overdriven 60 2140 missing? Missing? | 3/16 hole
78 0.32 0.10 61 0.348 0.112
79 0.35 0.07 Overdriven 62 0.371 0.087 |overdriven
80 0.35 0.09 Overdriven 63 0.367 0.100
81 0.37 0.10 64 0.333 0.093 |overdriven
82 0.37 0.10 65 0.360 0.087 |overdriven
83 0.35 0.11 66 0.377 0.077 _ |overdriven
84 0.36 0.07 Overdriven 67 0.448 0.062  |overdriven
85 0.37 0.07 Overdriven 68 0.386 0.093 |overdriven
86 0.38 0.10 69 0.354 0.097 |overdriven
70 0.384 0.084 |overdriven
71 0.377 0.087 |overdriven
72 0.386 0.090 |overdriven
73 0.390 0.078 |overdriven
74 0.393 0.075 |overdriven
75 0.391 0.055 |overdriven
76 0.408 0.072  |overdriven
77 0.414 0.083 |overdriven
78 0.399 0.078  |overdriven
79 2160 0.314 N/A 3/16 hole
80 0.299 0.153  |underdriven
81 0.409 0.083 |overdriven
82 0.406 0.083 |overdriven
83 0.403 0.079  |overdriven
84 0.403 0.069 |overdriven
85 0.395 0.083 |overdriven
86 0.383 0.086 |overdriven
87 0.383 0.071  |overdriven
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Table V Continued

Second Row Above S-51R

Driven

Rivet

Body | Driven Rivet | Button

Station Button Thickness

Referenc| Diameter | or Height
Rivet No. e (inch) (inch) Notes
89 0.403 0.075 |overdriven
90 0.393 0.081 |overdriven
91 0.395 0.075 |overdriven

92 0.345 0.100
93 0.360 0.086 |overdriven
94 0.360 0.083 |overdriven

95 0.392 N/A

96 0.393 N/A

97 missing missing
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Table VI

Length, depth and origin location of fatigue cracks on fracture above S-49L.

Length of Depth of
Fatigue Fatigue
Location Crack Crack Origin of Fatigue Crack
(inch) (%)
Aft of hole +14 0.04 20 Faying surface — no scratch
Fwd of hole +12 0.12 25 Faying surface — no scratch
Aft of hole +11 0.06 60 Corner of hole at faying surface
Fwd of hole +10 0.1 25 Scratch on faying surface
Fwd of hole +5 0.14 30 Faying surface — no scratch
Fwd of hole +3 0.14 60 Scratch on faying surface
Aft of hole +3 0.03 30 Scratch on faying surface
Fwd of hole +2 0.17 25 Scratch on faying surface
Aft of hole +2 0.12 10 Scratch on faying surface
Fwd of hole 2 0.1 15 Scratch on faying surface
Aft of hole 2 0.15 30 Scratch on faying surface
Fwd of hole 4 to aft of hole 6 3.50 25-100 Scratch on faying surface
Fwd of hole 10 0.47 100 Scratch on faying surface
Aft of hole 10 0.15 25 Scratch on faying surface
Fwd of hole 11 to aft of hole 25 15.14 *95-100 Scratch on faying surface
Fwd of hole 26 0.20 30 Scratch on faying surface
Aft of hole 26 0.22 30 Scratch on faying surface
Fwd of hole 27 0.26 100 Scratch on faying surface
Aft of hole 27 0.39 100 Scratch on faying surface
Fwd of hole 28 0.18 40 Scratch on faying surface
Aft of hole 28 0.37 75 Scratch on faying surface
Fwd of hole 29 0.03 5 Scratch on faying surface
Aft of hole 29 0.21 40 Scratch on faying surface
Fwd of hole 30 0.26 60 Scratch on faying surface
Aft of hole 30 0.21 35 Scratch on faying surface
Fwd of hole 32 0.22 90 Scratch on faying surface
Aft of hole 32 0.09 40 Scratch on faying surface
Fwd of hole 33 0.04 10 Faying surface — no scratch
Aft of hole 33 0.04 10 Faying surface — no scratch
Fwd of hole 34 0.09 40 Scratch on faying surface
Aft of hole 34 0.17 10 Scratch on faying surface
Fwd of hole 35 0.02 5 Scratch on faying surface
Aft of hole 37 to fwd of hole 38 0.50 50-60 Faying surface — no scratch
Aft of hole 38 0.09 30 Countersink bore
Aft of hole 39 0.14 50 Faying surface — no scratch
Fwd of hole 41 0.05 30 Faying surface — no scratch
Fwd of hole 42 0.06 10 Faying surface — no scratch
Aft of hole 43 0.13 10 Faying surface — no scratch
Fwd of hole 44 0.23 20 Scratch on faying surface
Aft of hole 44 0.26 70 Scratch on faying surface
Fwd of hole 45 0.49 15 Scratch on faying surface
Aft of hole 49 0.02 2 Faying surface — no scratch
Aft of hole 51 0.07 5 Faying surface — no scratch

* The crack depth at a local area forward of hole 20 was 5%.
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0.040 in.
Longitudinal -
scratch fracture surface 1.000 mm

Figure 7.
Surface of skin faying with repair doubler near hole 20 showing the longitudinal scratch where fatigue crack initiation
occurred from multiple origins. Also note the sanding marks induced during rework of the skin.

0.040 in.

[ |

1.000 mm

Secondary fatigue
crack

Through thickness
propagating fatigue
region

Figure 8.
Surface of skin faying with repair doubler between hole 29 and hole 30 showing the longitudinal scratches in
relationship to this fatigue crack. Note the secondary crack extending out of this common scratch.
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Hole +4

5.00 mm

0.250 in.

multiple fatigue initiation sites associated
with scratches on the faying surface

Figure 12, Photographs of the fracture segment extending from
Hole +3 to +4 (top), and closer view of the flat profile fatigue
region on the forward side of Hole +3 (bottom).
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—

multiple fatigue initiation sites associated
with scratches on the faying surface

Figure 13, Photographs of the fracture segment extending from Hole 39 to 40 (top), and closer view of the
flat profile fatigue region and short transition zone on the aft side of Hole 39 (bottom). SEM photographs
showing a dramatic increase in striation spacing near the extent of the flat fracture thumbnail (indicated

area) are shown below in Figure 14.
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Hole +10

Hole +9

R

crack propagation direction

_>

|

0.5 inch

Figure 16, Photographs showing the incremental crack growth indications on the fracture segments
between Holes +9 and +10 (top), Holes 32 and 33 (center), and Holes 55 and 56 (bottom).
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B —

Figure 17, Photograph showing the incremental crack growth indications (arrows) on the
fracture segment near Hole 7, which is between the two main fatigue cracking
systems at Holes 4 and 5 and Holes 10 through 25.

-

rubbed area

rubbed area

e

Figure 18, Photograph of the fracture surface at Holes 57, 58, and 59. The
shiny areas are indicative of rubbing with the mating fracture surface and appeared
consistently forward of this area, but were not present aftward beyond Hole 62.
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fracture surface

K

deformed cladding faying surface

Figure 19, Scanning electron microscope photograph along the edge of the fracture common to the faying
surface where the aluminum cladding remained near Hole 3. The fracture surface profile was slanted here.
Another example further forward of this area is shown in Figure 20 below. Quasi-stable crack growth
beyond these regions allowed cyclic crack closure, causing surface rubbing and compressive deformation
of the cladding.

deformed cladding

fracture surface

faying surface

Figure 20, SEM photograph showing the compressive
deformation of the cladding just forward of Hole +15. Rev. A
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" deformed cladding

faying surface fracture surface

Figure 21, SEM photograph showing the compressive deformation of the cladding between Holes 57 and
58. Note that the degree of compressive damage is less severe than that observed closer to the main
cracking system, Figure 19 for example. Fracture surfaces near the extreme extent of pre-existing
cracking would have experienced few repetitive crack closures.

fracture surface

cladding faying surface

cladding

fracture surface

ko 188 pm

Figure 22, opposing angle SEM photographs of the fracture segment between Holes 64
and 65 showing the cladding on the faying surface retaining its upward profile from the necking process
during ultimate tensile separation without subsequent crack closure.

258



Figure 23, SEM photograph showing minor striation-like features (indicated with
smaller arrows), which were also observed during examination at the Chung Shan
Institute of Science and Technology. Such features are not uncommon and were
ignored for striation counting purposes. The striations corresponding to flight
cycles, and used for estimating growth rates are indicated with the large arrows.

TABLE VII
Striation Count Results
Location Title Location of Traverse Total Cycles Total Cycles (Ext.)
(Paint)

Hole # +3 .15 inch fwd of hole centerline 8,000 11,000
Hole # 5 Centerline of hole 6,700 9,400
Hole # 12 .10 inch aft of hole centerline 1,600 2,800
Hole # 13 Centerline of hole 5,400 6,300
Hole # 13 .55 inch aft of hole centerline 2,000 2,400
Hole # 15 .10 inch aft of hole centerline 3,100 5,800
Hole # 16-17 .50 inch aft of hole centerline 2,600 3,300
Hole # 17-18 .45 inch aft of hole centerline 1,300 2,400
Hole # 19 .10 inch fwd of hole centerline 6,400 9,000
Hole # 21 Centerline of hole 8,300 10,200
Hole # 23 .15 inch aft of hole centerline 9,100 10,900
Hole # 25 .20 inch aft of hole centerline 1,700 4,000
Hole # 27 Fwd .15 inch aft of hole centerline 5,500 7,700
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crack propagation direction
and striation count path

faying surface

Figure 24, SEM photograph showing the locations through the skin thickness that were sampled
for crack growth rate at Hole 12. The approach was repeated for other through-thickness areas
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FIGURE 25. AS RECEIVED ITEM 640 CI SKIN INBOARD SURFACE- The S-49L fracture segment was
removed at the CSIST during the initial examination.
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.
.
.
.
.
.

FIGURE 26. AS RECEIVED ITEM 640 C1 SKIN OUTBOARD SURFACE — The approximate location of
the repair doubler is shown with dotted lines. Protective finishes were removed from the repair faying

surface at the CSIST.
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FIGURE 31 FIGURE 33 FIGURE 35

e ——

FIGURE 27. SCRATCH PHOTOGRAPH LEGEND - This illustration identifies the location of following
photographs that document scratch features observed on the skin repair faying surface. Scratches are
fore/aft in orientation and characteristic of a tail strike event.
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FIGURE 28 — EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE — Scratches may be noted at
S-50L and S-51L. Numerical information on skin are results of thickness measurements at the CSIST.
Scratch severity increases as you move forward on the panel as shown in the following photographs.
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FIGURE 29. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE — Scratches may be noted at
S-50L and S-51L Scratches may also be noted at the shear tie between S-49L and S-50L.




FIGURE 30. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE - Note that minimal damage
occurs on the right hand side of the repair area. Scratching in the doubler fillet seal area may also be
seen in this photo.




FIGURE 31. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE




FIGURE 32. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE — Deep scratches can be
noted at S-49L, S-50L, AND S-51L.




FIGURE 33. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE
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FIGURE 34. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE




FIGURE 35. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE — Note the severity of damage
in this photo.
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FIGURE 36. EXTENT OF DAMAGE CONSISTENT WITH A TAIL STRIKE




FIGURE 37. AREAS OF MOST SEVERE SKIN DAMAGE — Scratch severity
was greatest in the left hand/forward area of the skin.

FIGURE 38. LOCATION OF SCRATCH REPLICATION AREAS
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Figure 41. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.




Figure 42. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.




Figure 43. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.




Figure 44. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.
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Figure 45. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.
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Figure 46. SKIN THICKNESS MEASUREMENTS - All measurements are in millimeters. Circled values
were performed at Boeing.
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SKIN INBOARD SURFACE SKIN REPAIR FAYING SURFACE

Figure 47. SKIN CORROSION FEATURES AT STA 2080 - Areas of corrosion are identified with
rectangles above. Corrosion penetrated completely through the skin thickness at the shear tie
located between S-50L and S-51L.
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SKIN INBOARD SURFACE REPAIR FAYING SURFACE

Figure 48. SKIN CORROSION FEATURES AT STA 2100 - Areas of corrosion are highlighted
with rectangles. Corrosion penetrated completely through the skin thickness between S-49L and S-50L.
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SKIN INBOARD SURFACE

Figure 49. CORROSION FEATURES AT STA 2160, INBOARD SURFACE - The area of corrosion is identified
with a rectangle above. A crack noted on the skin faying surface may have been the result of

SKIN REPAIR FAYING SURFACE

exfoliation corrosion penetrating from the skin inboard surface.

Table VI

Item 640 C1 skin inboard surface corrosion details

STA | STRINGER | CORROSION | APPROXIMATE
BAY THROUGH AREA (INCH?

SKIN
THICKNESS

2080 | 49L-50L NO 0.24

2080 | 50L-51L YES 0.44

2100 | 49L-50L YES 1.44

2100 | 50L-51L NO 0.64

2160 | 50L-51L YES 2.28

283




Figure 50. COOKIE CUT LOCATIONS

‘. %@R‘-ﬂ}—-’———u&, _&;,._ R 7 RIS Mm& g 4

Figure 51. COOKIE CUT LOCATIONS
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Figure 52. COOKIE CUT LOCATIONS

Figure 53. COOKIE CUT LOCATIONS
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SKIN REPAIR FAYING SURFACE
0.028 INCH

e.::Feu:nME;[H H H J :

7 0.011 INCH

FASTENER BORE

Figure 54. COOKIE CUT # 3 FATIGUE CRACK FEATURES - The extent of
fatigue cracking is identified with a dashed line. Multiple fatigue
origins are denoted with arrows.

DIRECTION OF FATIGUE

CRACK PROPAGAION

Figure 55. FATIGUE FEATUES FOUND IN CRACK AT COOKIE CUT #3 -
Circled area identifies typical fatigue striations characteristic of
fuselage pressure cycles observed at the maximum depth of cracking
in Cookie Cut #3
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EXTENT OF FATIGUE
CRACKING

FASTENER
BORE

0.044 INCH

A
omgw’ g |

0.044 INCH SKIN REPAIR
FAYING SURFACE

Figure 56. COOKIE CUT #9 FATIGUE CRACK FEATURES - Cracking initiated
from the single origin noted above.

DIRECTION OF CRACK
PROPAGATION

Figure 57. COOKIE CUT #9 FATIGUE STRIATIONS — The above features were
located at the maximum extension of the fatigue crack.
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95 um =0.0037 inch

=
S

Figure 58. FILLET SEAL SCRATCH FEATURES - These skin surface features were observed at Plane
A-A Figure. The clad layer of the skin appears to be penetrated at both measurement locations.

0.0008 INCH

34049 J43IN31SVA

Figure 59. OUTER FASTENER ROW SCRATCH FEATURES AT PLANE A-A — Skin damage at this
location was much less severe than on the left hand side of repair doubler. Skin cladding was not
compromised by surface damage in this view.
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TABLE IX

MECHANICAL PROPETERY TESTS RESULTS FOR THE ITEM 640 C1 SKIN

LONGITUDINAL PROPERTIES

SAMPLE TENSILE TENSILE PERCENT ELONGATION (2.00
ULTIMATE YIELD INCH GAGE)
STRENGTH | STRENGTH
Fe (KSI) Fy, (KSI)
L1 68.7 54.0 19.2
L2 68.6 53.0 19.4
L3 69.9 53.6 19.6
REQUIRED ' 61.0 40.0 15.0

LONG TRANSVERSE PROPERTIES

SAMPLE TENSILE TENSILE PERCENT
ULTIMATE YIELD ELONGATION
STRENGTH | STRENGTH (2.00 INCH GAGE)
Fiu (KSI) Fiy (KSI)
LT1 67.4 46.8 9.9
LT2 67.0 46.4 9.8
LT3 67/4 46.8 10.0
REQUIRED ' N/A N/A N/A

NOTE 1 — QQ-A-250/5, “Aluminum Alloy Alcad 2024. Plate and Sheet”, for T3 sheet 0.063 to
0.128 inch thick
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To Hole 18

!

Primary

Rework sanding fatigue cracks
marks

¢

Secondary fatigue

Location of
cross section

To Hole 19

Figure 61.Location of cross section taken to characterize the scratch depth and
geometry in the main fatigue region between holes 18 and 19.

250 pm =
118 pm 110 um

Figure 62. Metallographic specimen through the area indicated in Figure 61 above. The line shown was
projected back to an area of undisturbed clad material to determine the depth of the scratches at the
primary and secondary fatigue cracks present in this area.
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Figure 65.
Faying surface of doubler with skin showing the light colored deposit present from hole 14 to 22.

Figure 66.
Higher magnification image of light colored deposit on faying surface of doubler in the vicinity of hole 15. Note the
smooth bubbled appearance of the deposit adjacent to the edge of the doubler indicative of paint flow into the joint.
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Table X

Degree and position of fretting damage present on overhanging portion of the faying surface of the repair doubler
above the S-49L fracture surface.

FRETTING MARK  yp

;::} 12:00

Q:UUO.’:I:DU

I——DFWD

6:00
DOUBLER
FAYING
SURFACE
FASTENER DEGREE CLOCK POSITION FASTENER DEGREE CLOCK POSITION
HOLE OF OF FRETTING HOLE OF OF FRETTING
FRETTING FRETTING
+16 Minor 10:00 18 Minor 10:00 and 2:00
+15 Minor 9:00 19 Significant 10:00
+14 Minor 11:00 20 Minor 11:00
+13 Minor 10:00 22 Significant 10:00 to 2:00
+12 Minor 9:00 to 10:00 23 Minor 12:00
+11 Minor 10:00 and 1:00 25 Significant 10:00 to 2:00
+10 Minor 10:00 and 1:00 26 Significant 11:00 to 1:00
+9 Minor 10:00 and 1:00 27 Minor 12:00
+8 Minor 10:00 and 1:00 to 28 Significant 12:00 to 2:00
2:00
+7 Minor 10:00 29 Significant 12:00
+6 Minor 10:00 and 1:00 30 Significant 10:00 to 2:00
+4 Minor 2:00 32 Significant 10:00 to 2:00
+3 Minor 1:00 34 Significant 10:00 to 2:00
+2 Minor 1:00 35 Minor 2:00
0 Minor 10:00 and 2:00 36 Minor 2:00
1 Minor 12:00 37 Minor 1:00 to 2:00
6 Significant 10:00 to 11:00 and 38 Significant 10:00 to 2:00
12:00 to 1:00
7 Minor 12:00 39 Significant 12:00 to 3:00
8 Significant 10:00 to 1:00 41 Significant 10:00 to 12:00
9 Significant 10:00 to 12:00 42 Significant 10:00 to 2:00
10 Significant 11:00 to 1:00 43 Significant 10:00 and 12:00
11 Minor 12:00 44 Minor 1:00
12 Significant 10:00 to 2:00 46 Minor 2:00
14 Significant 10:00 to 2:00 47 Minor 2:00
15 Significant 10:00 to 2:00 49 Minor 1:00
16 Minor 2:00
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Figure 68.
Faying surface of doubler in the vicinity of hole 6 showing an example of significant fretting damage at the 10:00 to
11:00 and 1:00 to 2:00 clock positions.

Deposited
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Figure 69.
Faying surface of the doubler showing an example of minor fretting at the 12:00 clock position of hole 23 and
significant fretting at the 10:00 to 12:00 clock position of hole 22. Note the presence of deposited paint near the
edge of the doubler.
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"B, STA'2160 frame -
% segment

Figure 70.
Condition of the STA 2160 frame segment prior to disassembly from the ltem 640C1 skin panel at the CSIST.

UP
Figure 71.
As received condition of the STA 2160 frame segment submitted for examination. The aft surface is shown in this
view.
UP

.Réﬁair shear
- tie

Figure 72.As received condition of the STA 2160 frame segment submitted for examination. The forward surface is
shown in this view.
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Figure 73.
Exfoliation corrosion present at shear tie between S-50L and S-49L of STA 2160 frame segment.

Exfoliation
corrosion at mid
thickness plane of
shear tie

Figure 74.
Exfoliation corrosion present at shear tie between S-49L and S-48L of STA 2160 frame segment.
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Table XIl

Temper inspection results for frame segments.

Average Average . .
Hardness Conductivity Con;: ':I."::? I::on
(Rockwell B) (%IACS) P
Frame Member
STA 2160 Shear Tie (repair) 74.0 30.3 2024-T4X
Failsafe Chord 90.9 32.3 7075-T6XXX
Shear Tie 68.8 30.5 2024-T4X
TA 21
S 00 Inner Chord 90.1 32.1 7075-T6XXX
Failsafe Chord 90.7 31.9 7075-T6XXX
STA 2060 Shear Tie 71.6 29.3 2024-T4X
Failsafe Chord 92.0 31.8 7075-T6XXX
Shear Tie 71.0 30.1 2024-T4X
STA 2040 Inner Chord 92.3 32.6 7075-T6XXX
Failsafe Chord 90.8 32.6 7075-T6EXXX
Shear Tie 69.0 30.8 2024-T4X
STA 1940 Inner Chord 92.1 32.5 7075-T6XXX
Failsafe Chord 90.8 31.0 7075-T6XXX
COUNTERSUNK REPAIR RIVETS
Rivet Number Average Average Confirmed Alloy* & Temper
Hardness Conductivity
(Rockwell B) (%IACS)
E64 79.2 35.0 2117-T4XXX
D51 72.7 34.5 2117-T4XXX
Hardness Conductivity
BAC 5946 "Temper Inspection of | (Rockwell B) (%IACS)
Aluminum Alloys" Requirements
2017-T4XXX 68 - 80 31.5-35.0
2024-T4X 63 -83.5 28.5-32.0
7075-T6XXX 83.5-94 30.0-35.0

* See previous table for spectrochemical analysis results
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Figure 75. As received condition of the STA 2100 frame segment submitted for examination.
The aft surface is shown in this view.

Figure 76. As received condition of the STA 2100 frame segment submitted for examination.
The forward surface is shown in this view.
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Shear Tie
Intermediate Chord

Failsafe Chord Web

Figure 77.
Fracture at S-49L of the STA 2100 frame segment showing deformation in shear tie and web.

Figure 78.
Shear tie between S-51R and S-50R of the STA 2100 frame segment showing downward deformation in
skin flange and pull through of the fastener hole at the inboard most fastener hole.
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Figure 79.
Witness marks and deformation in skin at shear tie fastener holes common to S-49R /S-48R at STA 2100.

Figure 80. As received condition of the STA 2060 frame segment. The aft surface is shown in this view.
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Figure 81.
As received condition of the STA 2060 frame segment. The forward surface is shown in this view.

Dark deposit on fracture

surface
Elongated fastener hole

of failsafe chord

Figure 82.
Fracture surface of failsafe chord and web common to S-49L of the STA 2060 frame segment.

304



Deformed
fastener holes

AT N T o s il . . b
Figure 83.
Shear tie between S-51L and S-50L of the STA 2060 frame segment showing deformation of skin flange

fastener holes in the downward direction.

Figure 84. As received condition of the STA 2040 frame segment submitted
for examination. The aft surface is shown.

Figure 85. As received condition of the STA 2040 frame segment submitted for examination.
The forward surface is shown in this view.
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Shear tie between
S-51R and S-51L

Failsafe chord
free flange

Figure 86. Fracture in failsafe chord free flange radius at S-51R of the STA 2040 frame segment.

FWD
to S-46R

Figure 87.Skin flange rivet fractures at shear tie between S-45R and S-46R
of the STA 2040 frame. Black arrows indicate the direction of loading.
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Figure 88. Skin flange rivet fractures at shear tie between S-49R and S-50R
of the STA 2040 frame segment. Black arrows indicate the direction of loading.

Figure 89. As received condition of the STA 1940 frame segment submitted
for examination. The aft surface is shown in this view.
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Figure 90.
As received condition of STA 1940 frame segment submitted for examination.
The forward surface is shown in this view.

) - g
= Trim line of
web for :
splice repair

Shear tie
" repair
~ doubler

Figure 91.
STA 1940 frame segment showing the shear tie repair doubler and web splice repair
at the location between S-50L and S-49L.
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Fractured
end of
repair shear

-‘ Edggqf repair
; o shear tie
e | -2,

-
i

%

Y {“‘ (H' » el

Figure 92.
STA 1940 frame segment showing the shear tie repair between S-46L and S-44L.

Web repair
doubler

Intermediate chord

Figure 93.
STA 1940 frame segment showing the web repair doubler on the aft side between S-50L and S-49L.
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to S-45L

Figure 94. Shear tie between S-45L and S-44L of STA 1940 frame segment.
Black arrows indicate the direction of loading.

to S-49L

ol L PRl q w2 S -{.'T’P.; ¥
Figure 95. Shear tie between S-50L and S-49L of STA 1940 frame segment.
Black arrows indicate the direction of loading.
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to S-49L

Figure 96.
Shear tie between S-49L and S-48L of STA 1940 frame segment.
Black arrows indicate the direction of loading.

__t0 S-46L

Figure 97.
Shear tie between S-47L and S-46L of STA 1940 frame segment.
Black arrows indicate the direction of loading.
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Figure 98.
FWD view of STA 1940 frame segment showing downward deformation of
the lower attachment hole of shear tie at S-47L clip.
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BMT
BOEING MATERIALS TECHNOLOGY

MS 22570
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MS 22570 Appendix |

Hole # +3
Crack Length da/dN Photo theta deviation
Cycles (mm) (micron/cycle) #209 x0=27.100 y0=11.848 slope (absolute) angle
1.410175876 EOC * 26.84 13.234 -5.3308 1.3853613
0.218141585 0.07692 210 26.999 12.051 -2.0099 1.1091211 0.2762402
217  0.237307988 0.10000 211 26.991 12.069 -2.0275 1.1125933 0.2727679
703  0.304387564 0.09091 212 26.995 12138 -2.7619 1.2234104 0.1619509
116 0.315506745 0.10000 213 26.988 12.148 -2.6786 1.2134876 0.1718736
207  0.333257722 0.07143 214 27.009 12.17 -3.5385 1.2953702  0.089991
1594 0.45660262 0.08333 215 27.049 12.303 -8.9216 1.4591743 0.0738131
2746  0.669085336 0.07143 216 27.168 12.516 9.82353 1.4693494 0.0839881
997  0.754529998 0.10000 217 27.141 12.608 18.5366 1.5169012 0.1315399
222  0.776705955 0.10000 218 27.144 12.63 17.7727 1.5145896 0.1292284
543  0.821917337 0.06667 219 27.144 12.676 18.8182 1.5177062 0.1323449
614 0.8862313 0.14286 220 27.125 12.745 35.88 1.5429329 0.1575716
34  0.908282451 1.14286 221 27.106 12.771 153.833 1.5642959 0.1789346
26 0.944648127 1.66667 224 27.106 12.808 160 1.5645464 0.1791852
47 1.043245758 250000 225 27.161 12.898 17.2131 1.5127663 0.1274051
25 1.111370594 2.85710 226 27.168 12.966 16.4412 1.5100483  0.124687
Total between
80911st and Last x0, y0 271 11.848
105Last Point to EOC
2836 |Initiation to First Point
11031 Total (including extrapolation)
* EOC(not completely through thickness)
da/dN vs. Crack Length
10.00
R
TIT L 2
c _| *
S 1.00
1
2
E
Z
.
©
= 0.10 A * -
S . '0 * e
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)
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MS 22570 Appendix |

Hole #5
Crack Length da/dN Photo theta  deviation
Cycles (mm)  (micron/cycle) #154 x0=1.671 y0=1.130 slope (absolute) angle
1.828415981 EOC 2.039 2.921 4.86685 1.368145
0.214554568 0.08333 170 2.226 1.235 0.18919 0.1869793 1.1811657
2713 0.497134683 0.12500 155 1.693 1.633 22.8636 1.5270866 0.1589416
43 0.502522298 0.12500 152 1.6709 1.643 -5130 1.5706014 0.2024564
591 0.5887145 0.16667 156 1.71 1.723 15.2051 1.5051236 0.1369786
122 0.604990884 0.10000 157 1.713 1.739 14.5 1.5019398 0.1337948
145 0.630324834 0.25000 158 1.654 1.77 -37.647 1.5442401 0.1760951
129 0.658275257 0.18182 159 1.676 1.801 134.2 1.5633449 0.1951999
257 0.702984995 0.16667 160 1.684 1.845 55 1.5526165 0.1844715
89 0.719247706 0.20000 161 1.721 1.854 1448 1.501845 0.1337
511 0.84338029 0.28571 162 1.744 1.976 11.589 1.4847211 0.1165761
432 0.958965584 0.25000 163 1.744 2.094 13.2055 1.4952144 0.1270694
200 1.00894874 0.25000 164 1.749 2.144 13 1.4940244 0.1258794
645 1.161125817 0.22222 165 1.601 2.301 -16.729 1.5110894 0.1429444
288 1.265076451 0.50000 166 1.873 2.38 6.18812 1.4105814 0.0424364
266 1.384968752 0.40000 168 1.909 2495 5.73529 1.3981727 0.0300277
249 1.683444595 2.00000 169 2.039 2.773 4.46467 1.3504524 0.0176925
Total between
66791st and Last x0, y0 1.671 1.13
145Last Point to EOC
2575|nitiation to First Point
9398Total (including extrapolation)
da/dN vs. Crack Length
10.00
- .
[7)
: |
S 1.00
1
-9 "
E *, S,
2 o
s 0.10 . 4
©
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)

315



MS 22570 Appendix |

Hole #12
Crack Length da/dN theta  deviation
Cycles (mm) (micron/cycle) Photo #x0=-19.036 y0=-19.500 slope (absolute) angle
1.921595691 EOC -19.845 -17.757 -2.1545 1.1362441
0.234756459 0.25000 2 -19.111 -19.276 -2.9867 1.2477071 0.111463
322 0.30184081 0.16667 4  -19.154 -19.222 -2.3559 1.1693828 0.0331387
444 0.41279287 0.33333 5 -19.159 -19.102 -3.2358 1.271062 0.1348178
202 0.486907836 0.40000 6 -19.195 -19.037 -2.9119 1.2400021 0.103758
102 0.548358328 0.80000 7  -19.216 -18.979 -2.8944 1.2381455 0.1019013
117 0.642332831 0.80000 10  -19.241 -18.887 -2.9902 1.2480673 0.1118232
97 0.729314708 1.00000 11 -19.23 -18.786 -3.6804 1.3054926 0.1692485
102 0.848713914 1.33333 12 -19.296 -18.685 -3.1346 1.2619841 0.1257399
123 1.0074778 1.25000 13 -19.574 -18.639 -1.6004 1.0123014 0.1239427
34 1.063129986 2.00000 14 -19.592 -18.586 -1.6439 1.0242852 0.1119589
74 1.230416997 2.50000 15  -19.845 -18.519 -1.2126 0.8811934 0.2550507
Total between
16181st and Last x0, yO -19.036 -19.5
276Last Point to EOC
939Initiation to First Point
2834 Total (including extrapolation)
da/dN vs. Crack Length
10.00
.
— .
@ 1.00 - *
: .
e o0
1
o
= *
- .
Z
S .
©
5 0.10
0.01
0.1 10
Crack Length (through-thickness, mm)
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Cycles

1510
466
242

1159
240

57
91
51
5
67
163
518
496
180
176

MS 22570 Appendix |

Hole #13
Crack Length da/dN y0=- theta  deviation
(mm) (micron/cycle) Photo # x0=5.086 2.795 slope (absolute) angle
1.797220632 EOC 5.445 -1.034 4.90529 1.3696906
0.043691352 0.12500 24 4985 -2.771 -0.2376 0.233297 1.1363937
0.20094194 0.08333 23 4963 -2.615 -1.4634 0.9713438 0.3983468
0.241515144 0.09091 22 4961 -2.574 -1.768 1.0560469 0.3136438
0.262634421 0.08333 21 4973 -255 -2.1681 1.1386474 0.2310432
0.426819605 0.20000 20 4931 -2.391 -2.6065 1.2044521 0.1652385
0.46797315 0.14286 19 4931 -2.349 -2.8774 1.2363204 0.1333702
0.477771613 0.20000 18 4931 -2.339 -2.9419 1.2431365 0.1265542
0.502145916 0.33333 25 5.015 -2.297 -7.0141 1.4291804 0.0594898
0.517796192 0.28571 28 5.074 -2.269 -43.833 1.5479866 0.178296
0.519631804 0.40000 26 5.055 -2.271 -16.903 1.5117049 0.1420143
0.544289879 0.33333 27 5.064 -2.244 -25.045 1.5308901 0.1611995
0.594823463 0.28571 29 5.101 -2.191 40.2667 1.545967 0.1762764
0.798194153 0.50000 30 5.083 -1.981 -271.33 1.5671108 0.1974202
1.087818582 0.66667 31 5.136 -1.695 22 1.525373 0.1556824
1.227972215 0.88889 32 5.249 -1.575 7.48466 1.4379764 0.0682857
1.376450368 0.80000 33 5.335 -1.441 543775 1.3889288 0.0192382
Total between
54221st and Last x0, y0 5.086 -2.795
526Last Point to EOC
350Initiation to First Point
6297 Total (including extrapolation)
da/dN vs. Crack Length
10.00
M
g 1.00 - ‘.
1
o M
E >
o0
s 0.10 *
© A0 7 .
S o %
0.01
0.1 1 10
Crack Length (through-thickness, mm)
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Cycles

159
369
730
17
275
42
239
206
5

MS 22570 Appendix |

Hole #13-14

Crack Length da/dN Photo y0=- theta  deviation
(mm)  (micron/cycle) 35 x0=15.920 6.992 slope (absolute) angle
1.797220632 EOC ~ * 4.90529 1.3696906
0.02727378 0.11111 41 15.911 -6.966 -2.8889 1.237552 0.1321386
0.044967768 0.11111 42 15.944 -6.951 1.70833 1.0412067 0.3284839
0.096224691 0.16667 40 15.921 -6.894 98 1.5605926  0.190902
0.289891508 0.36364 44 15.934 -6.699 20.9286 1.5230511 0.1533605
0.296332009 0.40000 43 15.913 -6.691 -43 1.5475447 0.1778541
0.600986312 1.81818 45 16.01 -6.397 6.61111 1.4206738 0.0509832
0.660767509 1.00000 46 15.961 -6.326 16.2439 1.5093124 0.1396217
0.950667364 1.42857 47 16.029 -6.044 8.69725 1.4563201 0.0866295
1.355110194 2.50000 48 16.278 -5.682 3.65922 1.3040276 0.065663
1.368241582 2.85714 49 16.123 -5.637 6.67488 1.4220868 0.0523962
Total between
20421st and Last x0, yO 15.92 -6.992
150Last Point to EOC
245|nitiation to First Point
2438Total (including extrapolation)
* X, y coordinates for end of cracking (EOC) was not recorded for traverse between 13 and 14.
Slope and length of path at hole 13 is used as reference for this path as well
da/dN vs. Crack Length
10.00
4
*
—_ .
2 1.00 - .
o
3]
-E ‘
Z
=2
S 0.10
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)
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Cycles

111
2101
900
13
13

MS 22570 Appendix |

Hole #15
Crack Length da/dN  Photo theta  deviation
(mm) (micron/cycle) #39 x0=-13.396 y0=1.229 slope (absolute) angle
1.768373264 EOC -13.246 2.991 11.7467 1.4858706
0.206262449 0.09091 50 -13.3961 1436  -2070 1.5703132 0.0844427
0.21590012 0.08333 53 -13.404 1.445 -27 1.5337762 0.0479057
0.603610121 0.28571 54 -13.652 1.813 -2.2813 1.1576675 0.3282031
1.332083021 1.33333 55 -13.712 2.539 -4.1456 1.3340968 0.1517737
1.346959971 1.00000 57 -13.304 2.573 14.6087 1.5024506 0.01658
1.359847522 1.00000 56 -13.387 2593 151.556 1.5641982 0.0783276
Total between
31371st and Last x0, yO -13.396 1.229
409Last Point to EOC
2269|nitiation to First Point
5815Total (including extrapolation)
da/dN vs. Crack Length
10.00
TIT *
2 1.00 .
o
1
L2
E -
Z
3
S 0.10 TN
0.01
0.1 10
Crack Length (through-thickness, mm)
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Cycles

753
203
166
169
738
42
42
135
56
74
200
57

MS 22570 Appendix |

Hole #16-17
Crack Length da/dN Photo # y0=- theta  deviation
(mm) (micron/cycle) 71 x0=13.979 6.860 slope (absolute) angle
1.879377823 EOC 15.069 -5.329 1.40459 0.9520932
0.090482072 0.14286 58 13.9791 -6.749 1110 1.5698954 0.6178022
0.186094034 0.11111 59 14.158 -6.759 0.56425 0.5137147 0.4383785
0.207482495 0.10000 60 14171 -6.742 0.61458 0.5510736 0.4010196
0.222712536 0.08333 61 14.179 -6.729 0.655 0.5798821 0.3722111
0.239102534 0.11111 62 14.189 -6.716 0.68571 0.6010738 0.3510194
0.548519828 0.72727 63 14.509 -6.564 0.55849 0.5093385 0.4427547
0.58667022 1.11111 64 1452 -6.525 0.61922 0.5544348 0.3976584
0.647948478 1.81818 65 14.731 -6.6 0.34574 0.3328789 0.6192143
0.866433019 1.42857 66 14.89 -6.445 0.45554 0.4274542  0.524639
0.962263138 2.00000 67 14.801 -6.264 0.72506 0.6273481 0.3247451
1.159757753 3.33333 68 14.921 -6.107 0.79936 0.6743524 0.2777408
1.659100135 1.66667 69 14.935 -5.504 1.41841 0.9567127 0.0046195
1.801846313 3.33333 70 15.021 -5.39 1.41075 0.9541597 0.0020665
Total between
26331st and Last x0, y0 13.979 -6.86
23Last Point to EOC
633Initiation to First Point
3290Total (including extrapolation)
da/dN vs. Crack Length
10.00
.
.
.
*
@ 1.00
o
1
2
E
Z
3
© i LR
8 0.10 .
0.01 ‘
0.1 1 10
Crack Length (through-thickness, mm)
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Cycles

479
100
87
93
143
59
344

MS 22570 Appendix |

Hole #17-18
Crack Length da/dN Photo y0=- theta  deviation
(mm) (micron/cycle)  #73 x0=35.713 13.901 slope (absolute) angle
1.884662569 EOC 37.066 -12.589 0.9697 0.7700148
0.085517165 0.09091 74 35.74 -13.806 3.51852 1.2938875 0.5238727
0.16368129 0.23529 75 35.781 -13.736 2.42647 1.1798845 0.4098697
0.18969974 0.28571 76 35.793 -13.711 2.375 1.1722739 0.4022591
0.219590502 0.40000 77 35.823 -13.699 1.83636 1.0721436 0.3021288
0.261228725 0.50000 78 35.849 -13.666 1.72794 1.0461683 0.2761536
0.360842843 0.88889 79 35916 -13.592 1.52217 0.9895453 0.2195305
0.429674263 1.42857 80 35976 -13.555 1.31559 0.9208526 0.1508378
1.247689129 3.33333 81 36.906 -13.339 0.47108 0.4402462 0.3297686
Total between
13051st and Last x0, y0 35.713 -13.901
191Last Point to EOC
941 Initiation to First Point
2437Total (including extrapolation)
da/dN vs. Crack Length
10.00
.
>
g 100 N *
2
>
2 .
£ .
-~ .
4
2
©
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)
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Hole #19
Crack Length da/dN  Photo theta  deviation
Cycles (mm) (micron/cycle) #228 x0=-1.41y0=-2.202 slope (absolute) angle
1.767900733 EOC -2.577 -0.874 -1.138 0.8498379
0.319586383 0.16667 230 -1.629 -1.969 -1.0639 0.8163617 0.0334762
126 0.338002009 0.12500 229 -1.6 -1.919 -1.4895 0.9795391 0.1297012
564 0.443756816 0.25000 231 -1.676  -1.845 -1.3421 0.9304399 0.080602
166 0.48513923 0.25000 232 -1.7  -1.811 -1.3483 0.9326362 0.0827983
271 0.552881156 0.25000 233 1715  -1.734 -1.5344 0.9932204 0.1433825
871 0.71624836 0.12500 234 -1.81 -1.6  -1.505 0.9843286 0.1344908
540 0.803999327 0.20000 235  -1.795 -1.47 -1.9013 1.0866 0.2367621
343 0.855488644 0.10000 236  -1.807 -1.412 -1.9899 1.1051255 0.2552876
2805 1.151581626 0.11111 238 -2152  -1.321 -1.1873 0.8708336 0.0209957
79 1.160892103 0.12500 237 -2124  -1.284 -1.2857 0.9097532 0.0599153
652 1.388063229 0.57143 239  -2.236 -1.08 -1.3584 0.9361954 0.0863575
Total between
64181st and Last x0, y0 -1.41 -2.202
665Last Point to EOC
1918lnitiation to First Point
9000Total (including extrapolation)
da/dN vs. Crack Length
10.00
» 1.00
c
o .
-
£
~ 0 0 .
5 N
© . .
8 010 | . 3
0.01 ‘
0.1 1 10
Crack Length (through-thickness, mm)
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Hole #21
Crack Length da/dN Photo theta  deviation
Cycles (mm)  (micron/cycle) #101 x0=32.938 y0=2.231 slope (absolute) angle
2.006024177 EOC 32.811 4233 -15.764 1.5074447
0.155177093 0.14286 102 32.993 2.383 2.76364 1.2236109 0.2838337
60 0.161593267 0.07143 104 32.984 2.39 3.45652 1.2891772 0.2182675
16 0.162859453 0.08333 103 33.004 2.39 2.40909 1.1773457 0.330099
69 0.16764454 0.05556 105 32.985 2.396 3.51064 1.2932973 0.2141473
1082 0.246850963 0.09091 106 32.975 2476 6.62162 1.4209086 0.0865361
105 0.256019347 0.08333 111 33.041 2481 2.42718 1.1799881 0.3274565
440 0.296370805 0.10000 107 32.969 2.526 9.51613 1.4660958 0.0413488
641 0.374214333 0.14286 108 32.969 2.604 12.0323 1.487877 0.0195677
294 0.416256698 0.14286 109 32.971 2.646 12.5758 1.4914452 0.0159994
1070 0.559614392 0.12500 110 33.06 2.784 453279 1.3536597 0.153785
3024 1.050943964 0.20000 112 32.811 3.276 -8.2283 1.4498583 0.0575863
413 1.133602489 0.20000 113 32.798 3.358 -8.05 1.4472059 0.0602388
1038 1.533946617 0.57143 114 32.906 3.766 -47.969 1.5499524 0.0425078
Total between
82531st and Last x0, yO 32.938 2.231

826Last Point to EOC
1086 Initiation to First Point
10165Total (including extrapolation)

da/dN vs. Crack Length
10.00
g 1.00
S *
E
Z o
E * L 2 4 *
S 010 : o
*
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)
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Cycles

2227
236
582

3320
704
718

1227

52

MS 22570 Appendix |

Hole #23
Crack Length da/dN  Photo =- theta  deviation
(mm)  (micron/cycle) #130 x0=1.903 0.774 slope (absolute) angle
1.807458437 EOC 2244 1.001 5.20528 1.3809961
0.120702637 0.08333 131 2168 -0.702 0.2717 0.2652939 1.1157022
0.324889905 0.10000 132 2178 -0.496 1.01091 0.7908231  0.590173
0.349756867 0.11111 128 1.909 -0.419 59.1667 1.5538965 0.1729004
0.408552133 0.09091 133 2179 -0.411 1.31522 0.9207164 0.4602797
0.743945738 0.11111 134 2239 -0.081 2.0625 1.1193432 0.2616529
0.841777586 0.16667 135 2211 0.024 2.59091 1.2024474 0.1785487
0.991342851 0.25000 136 2249 0.169 2.72543 1.2191334 0.1618627
1.417370352 0.44444 137 2196 0.613 4.73379 1.3626098 0.0183863
1.454687946 1.00000 138 2196 0.651 4.86348 1.3680085 0.0129876
Total between
90661st and Last x0, y0 1.903 -0.774
353Last Point to EOC
1448 Initiation to First Point
10868 Total (including extrapolation)
da/dN vs. Crack Length
10.00
-« 1.00 1 .
c
o
1
L2 ¢
S
~ .
Z
) .
©
T 0.10 o *
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)

324



Cycles

441
234
174
315
141

79
121

91

42
106

MS 22570 Appendix |

Hole #25
Crack Length da/dN Photo theta  deviation
(mm) (micron/cycle) #142 x0=3.578 y0=1.068 slope (absolute) angle
1.83623773 EOC 3.941 2.868 4.95868 1.3717987
0.236263689 0.11111 140 3.5781 1.309 2410 1.5703814 0.1985827
0.294697136 0.15385 139 3.596 1.365 16.5 1.5102643 0.1384656
0.332144902 0.16667 143 3.559 1.403 -17.632 1.5141406 0.1423419
0.361157485 0.16667 144 3.595 1.433 21.4706 1.5242546 0.1524559
0.444684251 0.36364 145 3.72 1.493 2.99296 1.2483401 0.1234587
0.563962924 1.33333 146 3.768 1.605 2.82632 1.2307247 0.141074
0.682674678 1.66667 147 3.709 1.738 5.1145 1.3777098 0.0059111
0.935181198 250000 148 3.573 2.021 -190.6 1.5655498 0.1937511
1.149870883 2.22222 149 3.5781 2.241 11730 1.5707111 0.1989124
1.238890239 2.00000 150 3.559 2.328 -66.316 1.5557181 0.1839194
1.496837232 2.85714 151 3.801 2.55 6.64574 1.4214445 0.0496458
Total between
17441st and Last x0, y0 3.578 1.068
119Last Point to EOC
2126Initiation to First Point
3989Total (including extrapolation)
da/dN vs. Crack Length
10.00
.
.
‘e
.
>
o 1.00 -
c
o
1S
)
é .
Z
E P 4 4
©
< 0.10 - ¢
0.01 ;
0.1 1 10
Crack Length (through-thickness, mm)
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Hole #27
Crack Length da/dN  Photo theta  deviation
Cycles (mm) (micron/cycle) #175x0=-7.440y0=-1.291 slope (absolute) angle
1.765007082 EOC -7.705 0.454 -6.5849 1.4200854
0.299429393 0.14286 192 -7.742 -1.034 -0.851 0.7050705 0.7150149
1587 0.500952664 0.11111 191 -7.787 -0.837 -1.3084 0.918195 0.5018904
788 0.623521577 0.20000 190 -7.8 -0.715 -1.6  1.012197 0.4078884
16 0.626762358 0.20000 189 -7.815 -0.714 -1.5387 0.994482 0.4256034
790 0.762246233 0.14286 188 -7.835 -0.58 -1.8 1.0636978 0.3563876
66 0.77720368 0.30769 187 -7.77 -0.555 -2.2303 1.1492991 0.2707863
101 0.802784314 0.20000 186 -7.756  -0.527 -2.4177 1.1786103 0.2414751
573 0.931761134 0.25000 185 -7.759 -0.397 -2.8025 1.2280559 0.1920295
126 0.958993319 0.18182 184  -7.756  -0.369 -2.9177 1.2406099 0.1794755
272 1.017701299 0.25000 183 -7.719 -0.304 -3.5376 1.295309 0.1247764
323 1.079536745 0.13333 182 -7.716  -0.241 -3.8043 1.3137539 0.1063315
128 1.098760464 0.16667 180 -7.686 -0.217 -4.3659 1.3456301 0.0744553
42 1.108346827 0.28571 181 -7.684 -0.207 -4.4426 1.3493941 0.0706913
73 1.126882164 0.22222 179 -7.656 -0.184 -5125 1.3780956 0.0419898
79 1.15315118 0.44444 178 -7.64 -0.155 -5.68 1.3965259 0.0235595
182 1.216275573 0.25000 177 -7.639 -0.091 -6.0302 1.4064586 0.0136268
9 1.218465366 0.25000 176  -7.647 -0.09 -5.8019 1.4001169 0.0199685
307 1.512325376 1.66667 193 -7.609 0.213 -8.8994 1.4588987 0.0388133
Total between
54621st and Last x0, y0 -744  -1.291
152Last Point to EOC
2096 Initiation to First Point
7710Total (including extrapolation)
da/dN vs. Crack length
10.00
m .
6 1.00
S >
£ o Y oese
z S . 2
S 0.10 ¢
©
T
0.01 ‘
0.1 1 10
Crack Length (through-thickness, mm)
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Appendix 17 Item 640 Doubler Faying Surface Examination
Report
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INTRODUCTION

A further examination of the doubler faying surface (between holes +16 and 49)
was deemed necessary in order to ascertain whether the scratch/scrape
markings (on the surface of the doubler which overlapped the un-recovered
skin segment) could be characterized as cyclic hoop-wise rubbing (fretting), or
as a scrape resulting from a single contact; to this end, the item in question
was again examined at CSIST by a team consisting of CAA, ASC and CAL
(Boeing and NTSB declined the invitation to attend), on September 14™ 2004,

RESULTS

Markings adjacent to hole 32

The surface markings near hole 32 were examined and the findings are as
follows:

(1) The surface markings near hole 32 are presented in Figure 1, and an
optically magnified photograph of the subject area is shown in Figure 2.
Figure 1 shows that the surface markings at the suspected area of
contact exhibit many colors. Figure 2 shows that some hoop-wise
scratches (marked by arrows) were visible on the surface of the
suspected area of contact.

(2) Figure 3 is an SEM photograph at point A in figure 2, indicating that the
grooves of the scratches were covered by some material(s).

(3) Two cross section locations were chosen to characterize the surface
markings. Figures 5 and 6 are the metallographic photographs through
the area marked by the data sampling cut #1 and data sampling cut #2
respectively, shown in Figure 4, showing that there was some material
superimposed over the grooves of the scratches.
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Figure 1 Surface marklngé adjacelnt to hoIe 32 showing the dlfferent colors on
the metal surface.

Figure 2, Optical magnification photograph of the marking area in Figure 1.
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Figure 3, SEM photograph at point A in figure 2, indicating that the grooves of
some of the scratches were covered by some material.

L o i i Preparation cut

o o
Data sampling cut #1

4 ] W x Data sampling cut #2
4] S o
~E8 1.2 mm

0 1 2 3em
| | | |

Figure 4, Cross section locations - taken to characterize the surface marking
contours.
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Figure 5, Metallographic photo through the area marked by the data sampling

cut #1 in Figure 4.

Figure 6, Metallographic photo through the area marked by the data sampling
cut #2 in Figure 4.
Markings adjacent to holes 11, 49 and +16.

Marking areas of interest adjacent to holes 11, 49 and +16 are shown in Figure
7, 8, 9, respectively; all showing scrape/scratch marks on the surface.
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Figure 8 Surface area adjacent to hole 49
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Figure 9 Surface area adjacent to hole +16
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Appendix 18 Methodology to Determine the Crack
Propagation
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The profiles of the skin fractures were examined to determine the direction of
fracture propagation. This appendix describes the methodology that was used.
Fracture directions were based on hole-to-hole cracking patterns, chevron

marks, and branching cracks.

Net Section Tension

*  Fairly straight hole-to-hole fracture — No directionality

* Evidence of flat fracture features could be slow growth regions

O—0O—0 0O 0

Rapid Separation by Tension or Shear

. Fracture forms a distinctive “hook” as it links with the next hole

e Slant fracture with no flat features

O O~ O O O

Typical of Initiation and Propagation by Net Tension
e Initiation in straight region
*  Propagation in both directions beyond straight fracture

O—0O 00 0

O

Evidence of flat fracture features could be slow growth in straight region

otherwise will have slant fracture features

Tearing

* Fracture profile along fastener line may not provide evidence of
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directionality

* Signs of sheet and other structure deformation may aid in determining
propagation direction

* Slant fracture with no flat features

O O O O

Macroscopic Fracture Features — “Chevron Marks”

* “Chevron Marks” point back to the origin and indicate the direction of
fracture propagation. (Ref. ASM Metals Handbook, Volume 12)
*  More evident on thicker structure (e.g. major fittings)

//////////////////
AARUNARRRNRN

- L

Fracture propagation direction Fracture
face
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Item 640 S-49L, STA 2100

Multiple crack initiation sites along length

O O O O O

Item 738 S-27L, STA 1620

Propagation direction

O
Q
O

O O O

Item 633 STA 2360 Skin ~ S-2R

Propagation direction
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Item 738 S-14L, STA 1800 - 1820

No obvious directionality — formed by tearing action
Displacement in panel may assist in determining directionality

O O O O O O

Item 652 STA 460

" . ' g e
e ; Ny \ - y ‘__,.?- -
> o d . LS
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Appendix 19 Recommended lllumination Level
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Recommended levels for office lighting have dropped dramatically in the past
25 years. In 1970, 100 maintained foot-candles (fc) was the preferred
illumination level. Today, llluminating Engineering Society of North America
(IESNA) maintains that 30-50 fc will fit the bill for most modern offices.

Of course, this new recommendation doesn't mean we're all being left in the
dark. The level reduction suggested by IESNA simply reflects changes in office
technology, work methods, and careful reevaluation by IESNA. Clean,
high-contrast, laser-printed type has superceded drafts with a number three
pencil on purple mimeograph sheets. Computer screens have replaced
drafting tables. Lower illumination levels, such as those specified in Office
Lighting (ANSI/IESNA RP-1), are more suited for the demands of VDT viewing,
which include good control of surrounding and reflected luminances and
luminance ratios. Task lighting can provide an additional boost in specific
locations where difficult tasks are performed.

Cost and Energy Savings

Savings go hand in hand with the aesthetic and functional benefits of lower
overall ambient illumination levels. Direct savings from lower lighting energy
use are supplemented by reduced air conditioning costs: because lights are
producing less heat, air conditioners don't have to work as hard. These air
conditioning savings are typically equivalent to 10-30% of the lighting energy
savings.

The Basis for Recommended lllumination Levels

lllumination levels recommended by IESNA represent a consensus of expert
opinion on the quantity of illuminance required to perform specific tasks with
comfort and accuracy. Although research to establish illuminance
recommendations based on human performance is proceeding, a generally
accepted system is not yet available.

Establishing Proper lllumination Levels

To guide the process of establishing the proper illumination level for your
workplace, IESNA has established an illuminance specification procedure.
This procedure--outlined in chapter 11 of its Lighting Handbook, and
summarized in the tables in this bulletin--recommends adjusting the
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illumination level according to the many factors that can affect visual
performance.

Table 1 defines the nine illuminance categories (A through 1), while Table 1a
shows some common tasks and appropriate illuminance categories. Each
category then recommends a range of three appropriate illumination levels,
expressed in footcandles. To choose the appropriate level for a particular
application, several situational variables (weighing factors) must be

considered.
Table 1: llluminance Categories
Illuminance L Footcandle
Activity Type Workplane Reference
Category Range
Public Space, General lightin
A ublic Sp 9.3.5 ighting

dark surroundings throughout space

Simple orientation,
B o 5-7.5-10 "
short temporary visit

Visual tasks only
, 10-15-20 "
occasionally performed

High contrast
D 9 20-30-50 llluminance on task
or large tasks

Medium contrast
E 50-75-100 "
or small tasks

Low contrast
F 100-150-200 "
or very small tasks

Low contrast or very Illuminance on task,
G small tasks for a 20-300-500 both general and
prolonged period supplementary components

Very prolonged and
H , 500-750-1000 "
exacting tasks

Extremely low contrast
I and small very 1000-1500-2000 "
special tasks

Table 1a. Recommended lllumination Levels
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Task IESNA llluminance|Recommended
Category Footcandles’
. High contrast (ink, soft lead) E 50-75-100
Drafting
Low contrast (hard lead) F 100-150-200
Simple D 20-30-50
Inspection Moderate E 50-75-100
Difficult F 100-150-200
Machine . o
Medium, grinding, etc. E 50-75-100
Work
Material Picking, king, ing,
a erl-as icking, pac |n-g wrapping D 20-30-50
Handling labeling
Lobby, corridor, waiting area C 10-15-20
Other Toilets, rest rooms C 10-15-20
Teller stations, ticket counters E 50-75-100
General D 20-30-50
Soft il (#2), , d ies,
| oft pencil (#2), pen, good copies D 20-30-50
Reading keyboards, > 8 pt. type
Hard pencil (#3), phone books,
, E 50-75-100
poor copies, < 8 pt. type
Schools Science laboratories E 50-75-100
Inactive B 5-7.5-10
Storage Active, large items C 10-15-20
Active, small items D 20-30-50

"See Table 2 for weighting factors used to determine
which of the three designated levels to choose.

"See Table 2 for weighting factors used to determine which of the three
designated levels to choose.

Table 2 indicates how to apply these weighting factors. For categories A-C, the

table provides general illuminances (ambient light levels throughout the room),

based on two weighting factors: occupant age and background reflectance.

For categories D-I, it provides illuminances on the task, and adds a third

weighting factor for speed and accuracy. The Lighting Handbook also shows a
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method to add weighting factors together to achieve the results shown in this
table.

Using these tables, it is possible to evaluate the lighting requirements of, for
example, the work space of an editor working for a busy daily newspaper. The
first step involves defining variables: The editor is over 55, works in an office, is
under constant daily deadline pressure, and works alternately between a VDT
terminal and printed pages with 10-point type and handwritten corrections.

Next, the physical work space should be evaluated. Table 1a places typical
office tasks in illuminance category D (reading good copies, soft pencil,
keyboard). Weighting factors in Table 2 (over 55 years old, critical speed and
accuracy, 75% task background reflectance) indicate that this work area needs
30 footcandles illuminance on the task.

Table 2. Determining llluminance Values

a. General Lighting Throughout Room (footcandles)

Weighting Factors llluminance Categories
Average Room

Average of Occupants’ Surface A B c

Ages Reflectance
(Percent)

Over 70 2 5.0 10

Under 40 30-70 3 7.5 15

Under 30 3 7.5 15

Over 70 3 7.5 15

40-55 30-70 3 7.5 15

Under 30 3 7.5 15

Over 70 3 7.5 15

Over 55 30-70 3 7.5 15

Under 30 5 10.0 20

b. llluminance on Task (footcandles)

343



Weighting Factors

llluminance Categories

Average Task ]
of Demand for Background 1 I**
Workers' Speed and/or Reflectance DILE | F &™) H"
ages Accuracy” (Percent)
Over 70 20 50 (|100/200( 500 | 1000
NI 30-70 20 50 {[100||200( 500 || 1000
Under 30 30 75 ||150/300( 750 | 1500
Over 70 20 50 (|100/200( 500 | 1000
Under 40 I 30-70 30 75 (/150|300 750 || 1500
Under 30 ; 75 ||150/300( 750 | 1500
Over 70 ; 75 (|150/300( 750 | 1500
C 30-70 i 75{[150||300( 750 || 1500
Under 30 ; 75 ||150/300( 750 | 1500
Over 70 20 50 (|100/200( 500 | 1000
NI 30-70 30 75{[150||300( 750 || 1500
Under 30 30 75 ||150/300( 750 | 1500
Over 70 ; 75 (|150/300( 750 | 1500
40-55 I 30-70 i 75{[150||300( 750 || 1500
Under 30 30 75 ||150/300( 750 | 1500
Over 70 30 75 (|150/300( 750 | 1500
C 30-70 30 75 {[150||300( 750 || 1500
Under 30 =0 100|(200(500(|1000|| 2000
Over 55 Over 70 ; 75 (|150/300( 750 | 1500
NI 30-70 i 75 (/150|300 750 || 1500
Under 30 ; 75 ||150/300( 750 | 1500
Over 70 ; 75 (|150/300( 750 | 1500
I 30-70 i 75 (/150|300 750 || 1500
Under 30 g 100|(200(500(|1000|| 2000
C Over 70 ; 75 (|150/300( 750 | 1500
30-70 § 100/[200||500||1000| 2000
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Under 30 E 100(200(500||1000| 2000

* NI = Not Important, | = Important, and C = Critical
** Obtained by a combination of general and supplementary lighting.

Remember that the recommended illumination levels are "maintained." This
means that in spite of all conditions, such as dirt accumulation and lamp lumen
depreciation, the recommended illumination level is the minimum for proper
work conditions.

The IESNA recommends the following illumination levels for specific tasks. For
a more precise description and detailed discussion of these and other areas,
see the Lighting Handbook.

Checking Existing lllumination Levels

To check how closely existing illumination levels meet recommended levels, a
lighting survey should be performed. Chapter 2 of the Lighting Handbook
provides guidance. Almost any calibrated light meter (with cosine and photopic
response correction) can be used for a rough check (plus or minus 25%), but if
accuracy is important, the meter should be able to provide precise
measurements. For assistance in selecting a light meter, refer to "1994 IESNA
Survey of llluminance and Luminance Meters," Lighting Design + Application,
Vol. 24, No. 6, June 1994, p. 31, IESNA, New York, NY.

Technical Terms

lllumination level or illuminance: density of luminous flux incident on

a surface. This basic lighting parameter is expressed in footcandles
or lux (a number about 10 times as large as the equivalent
footcandle measurement).

e llluminance category: One of a set of categories developed by
IESNA to group tasks according to illuminance requirements. Each
category is designated by one of nine letters.

o Workplane: the location where a task is performed; usually related
to the distance from a light source(s).

e Luminance: the luminous intensity of a source per unit area in a
given direction; often mistakenly called "brightness."
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Cosine response: correction to a photo detector that simulates the
human eye's response to the angular location of a light source from
the "straight ahead" position.

Photopic response: correction to a photo detector that simulates the
human eye's response to colors and colored light combinations.

Luminance ratio: the ratio between the luminances of any two areas
in the visual field.
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