NATIONAL TRANSPORTATION SAFETY BOARD
Office of Aviation Safety
Washington, D.C. 20594

AIRWORTHINESS GROUP FACTUAL REPORT ADDENDUM 2
March 26, 2007

A. ACCIDENT DCAOG6FA058

Location: Memphis, Tennessee

Date: July 28, 2006

Time: 1125 Central Daylight Time (CDT)

Aircraft: FedEx Express Flight 630, McDonnell-Douglas (Boeing) MD-10-10F,
N391FE

B. AIRWORTHINESS GROUP

Chairman: Clinton R. Crookshanks
National Transportation Safety Board
Denver, Colorado

Member: Jim Fortner
Fortner Engineering and Manufacturing, Inc.
Glendale, California

Member: Neal Gilleran
The Boeing Company
Long Beach, California

C. SUMMARY

On July 28, 2006, about 1125 Central Daylight Time, FedEx Express (FedEx) flight 630, a
McDonnell-Douglas (Boeing) MD-10-10F (MD-10), N391FE, crashed while landing at
Memphis International Airport (MEM), Memphis, Tennessee. The left main landing gear
collapsed after touchdown on runway 18R, and the airplane came to rest on the runway. After
the gear collapsed, a fire developed on the left side of the airplane. The two flight crewmembers
received minor injuries during the evacuation, and one nonrevenue FedEx pilot was not injured.
The postcrash fire substantially damaged the airplane’s left wing and portions of the left side of
the fuselage. Flight 630 departed from Seattle-Tacoma International Airport (SEA), Seattle,
Washington, and was operating under the provisions of 14 Code of Federal Regulations (CFR)
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Part 121 on an instrument flight rules flight plan.

D. DETAILS OF THE INVESTIGATION

The two Dual Brake Control Valves (DBCV) were removed from the accident airplane after the
accident and shipped to Crane Aerospace, Hydro-Aire Division, in Burbank, CA. Full anti-skid
simulator testing and some basic testing of the DBCV’s was performed at Hydro-Aire’. The
DBCV’s were then sent to Fortner Engineering and Manufacturing, Inc., for additional
acceptance testing. The group met at the Fortner facility in Glendale, CA, on November 6, 2006.

Prior to the testing, the group reviewed the standard acceptance test plan provided by Fortner
and elected to perform 19 of the 24 individual tests in an order different from the standard. The
test plan and results for each DBCV are included in Appendices 1 and 2. The proof pressure,
compensation, and duplicate functional tests were not performed as noted on the test plans. The
test numbers below refer to the renumbered test as shown in the test plans. Figures 1 and 2 show
simplified schematics of the valve in the non-actuated and actuated positions.

OFF POSITION

{TRAVEL FROM STOP NOTE: ONLY ONE SIDE OF DUAL BRAKE VALVE

i ;%FTPDPS:LI?N%EI SHOWN. OPPOSITE SIDE IDENTICAL.

AET. BRAKE PRESS.

Figure 1 — DBCV Schematic, Non-Actuated Position

! See Addendum 1 to the Airworthiness Group Factual Report for the details of this testing.
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Figure 2 — DBCV Schematic, Actuated Position

DBCV (P/N 35950-505, S/N 438942)

This DBCV was removed from the right side of the aircraft, and operates in hydraulic system

three. All of the test results were satisfactory with the exceptions noted below.

» Test number 1, Functional Operation - The input lever travel of the left valve required to
obtain pressure at the brake was slightly higher than the limit value for the 70 psi and 250 psi
test points.

= Test number 1, Functional Operation - The input lever travel of the right valve required to
obtain pressure at the brake was slightly lower that the limit value for the 1200 psi and 2500
psi test points.

= Test number 1, Functional Operation - The input force on the right valve was above the limit
value at the 2500 psi and 3000 psi test points.

= Test number 10, Internal Leakage - The leakage for the parking test exceeded the allowable
limit by 2.1 cc.

The valve was disassembled for detail part inspection. There was light scratching/scoring of the
first and second stage shuttles consistent with normal operation. There was some contamination
noted inside the left second stage sensing assembly and some moderate to heavy
scratching/scoring on the plunger. The right second stage sensing assembly exhibited only light
scratching/scoring on the plunger. See Figures 3 and 4. There were no other anomalies noted in
the detail parts.

DBCV (P/N 35950-505, S/N 444076)

This DBCV was removed from the left side of the aircraft and operates in hydraulic system one.

All of the test results were satisfactory with the exceptions noted below.

= Test number 1, Functional Operation — The input lever travel of the left valve required to
obtain pressure at the brake was slightly lower than the limit value for the 250 psi, 600 psi,
1200 psi, and 2500 psi test points.

= Test number 1, Functional Operation — The input lever travel of the right valve required to
obtain pressure at the brake was slightly higher than the limit value for the 70 psi test point.

» Test number 1, Functional Operation — The input lever travel of the right valve required to
obtain pressure at the brake was slightly lower than the limit value for the 1200 psi, and 2500
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psi test points.

= Test number 1, Functional Operation - The input force on the right valve was above the limit
value at the 2500 psi test point.

= Test number 3, Functional Operation - The input force on the right valve exceeded the
comparison limit to test number 1 at the 1200 psi test point.

» Test number 9, Internal Leakage - The leakage exceeded the allowable limit by 0.5 cc.

The valve was disassembled for detail part inspection. There was light scratching/scoring of the
first and second stage shuttles consistent with normal operation. Both the left and right second
stage sensing assemblies exhibited moderate to heavy scratching/scoring on the plunger. See
Figures 5 and 6. There were no other anomalies noted in the detail parts.
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Figure 4 — DCV (N 438942) Right Second Stage .PILlnger and Guiae
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Figure 5—- DBCV (S/N 4076) Left Second Stage Plunger and Guid
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APPENDIX 1
Test Plan and Results
S/N 438942
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fortner engineering and manufacturing, inc.

HYDHALULICE § PNEUMATICS ¢ BLECTRO MECHAMNK AL ARSEMBIIES

CERTIFICATED F.A.A, REPAIR STATION sPUIRT76L
CLASS | ACCESSORY RATING
HOLDER OF SFAR 316 AUTHORITY

This assembly was re d in accordance with
applicable sections Standard Overhaul Procedures
for hydraulic units DC-10 and certifications are

WK ihaumpson gein on ﬁlﬂ I.t u:lil Rﬂpm al‘.ﬂ.ﬁﬂn

wlenclile, califiomta 97 200207 CO S8 ﬂm_
(R8I 24007740 /(213 24545070 DACO IN
fern 48R 2aie M
F.E. §/N

Teat Fluid — Skydrol 65008
Fluid Temp. — B0 to 120°F

35850-5¢3 Dual Brake Metering Valve Assembly Job 4

Model DC-10 Customer }%ﬁfﬁ Chapter  32-44-03

Eff. Date 01/30/88 Revision __ N/C Revised
JEST _DATA

- Pressure| Test |Closed
P Test For pai Port| Port Requirements

Reaults
'With levers in the full OFF position lppl]r
= 75 pressure for (3) minutes. There shall be
}'l'-“ then no external leakage, failure, or permanent . Hﬁ[ﬂ!l
4500 deformation. Leakage from Return Port —
Proof shall not exceed 14.3 oc/minute.

t.h ressure a adjust e valve
Pressure pplied, need]
?q;ﬁ part. [1‘:'? :hntﬁ be I-ﬁagm p'it.Bﬂ.k }
ere 1 & e
e 4600 Gages@|Ports). Maintain pressure tor (2) mimutes. || OK|B/¥|0K
Pres.| Arake (There shall be no external leakage or
| Partg |or evidence of failure or permanent set.

With levers in the full OFF position apply
pressure. After a (5) minute wait, leakage| = -

/3’ 3000 from Return Port shall not exceed 9.5 cc|-—- Y= cc
9 minute in a (2) minute test.

~— Internal

With levers in the full OFF position epply | , _

Leakage 3000 psi. Move levers to obtain 22005200 b. 2
Noted psi at Brake ports. Reduce inpul pres—

A ° sure to 1800 5:1 After a (5) minute wait| ce
o leakage from Port shall not exceed
4.1 ec/minute in & [2} minute test.
Test each ddu of Valve separately for the foll tests. Connect the
Brake Port being tested to bench return with walve in line.
Inatall a pressure e between needle valve and Brake Port.

| II Gages®|With lever in the full OFF position apply Left | Right
Brake [pressure. Move lever to ob&tn 2200 psi £
: Pres.| Ports |at Brake Port. Slowly open needle valve | Dr8ke |Brake
FEV Neodle |Preasure ot Brake Pert shall mot fall - —pE—
e gsure & e no
! Valve |below 2000 psi.

(Continued on Next Page)
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MY DR ALULICS FNEUMATICN PAFCTRO MECHASIO AL AXSY MY

CERTIFICATED F.ALA. REPAIR STATION #PUIR776L
CLASS | ACCESSORY RATING
HOLDER OF SFTAR 36 AUTHORITY

| Cuttomerﬁff. !Qf): . DACO S/N __‘j'_«‘f’"*"f ’
32-44-03 FE. S/N

S N - —

| J_j I

Chapter

Page 2 of B .
(1S359508.DWG) Certificate of Compliance and Test Data

35950 9T Dual Brake Metering Valve Assembly

Job ¢

T;'t ITeat For
|

— g

Pressure

psi

Test
Port

Eff. Date 01/30/98

Port

‘Closed |

Revised

Revinlon_ N{C___
TEST _DATA

Requirements

Pres.

Gages@
Brake
Ports

Connect a hand pump to needle valve |

of Brake Port under test. With pressure Brak

applied move lever to obtain 2200 psi
at brake port. Open needle valve and

apply hand pump pressure. Brake Port
pressure must nol exceed:

2550 for 35950 & 35050-503

2500 for 35950-501 & 35950-505

Gages®
Brake
Ports

Ret. to
Bench

With pressure applied fully actuate each
lever at least (10) times at rates that
range from very slow to very fast.
There shall be no evidence of binding,
sticking, or chattering.

Left
Brake

Right
Brake
& Pres.
Ret. to
Bench

With levers in the full OFF ition
apply pressure to produce (8) GPM.
Pressure drop shall not exceed 350 psi.
(Minus Tare)

Right
Brake

Left
Brake
& Pres.
Ret. to
Hench

With levers in the full OFF position
apply pressure to produce (8) GPM.
Pressure drop shall not exceed 350 psi.
(Minus Tare)

Right
Brake
|Ret. to
Bench

Left

Brake
rev
w

Valve
Inline

With pressure applied rapidly actuate &
maintain input lever at 0.89 inch travel
Open needle valve at Left Brake to
produce a flow of 18 GPM. The pressure
drop (Minus Tare) shall not exceed the
following:

Basic & -503: 1200 psi

-501 & -505: 100 psi
Pressure at Pressure Port shall not fall
below the following:

Basic & -503: 2500 psi

-501 & -505: 2050 psi

(Continued on Next Page)
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LI fortner engineering and manufacturing, »..

A . :
—_— HYDRAULICS ¢ PNEUMATICS o+ BLEC IO MECHANICAL ASST MBI IS

_1 CERTIFICATED F.ALA. REPAIR STATION ¥PULR7 761
1 ] CLASS | ACCESSORY RATING
HOLDER OF SFAR 16 AUTHORITY

_- [ _T_T ___ _— Customer ;é_ﬁzx DACO S/N ﬁw"-_._.
Chapter  32-44-03 F.E. S/N __

SIS plapsens coveie

wlendinde . calidoenpe W1 20002070
LTE PN TS TR R TR A LT
ANIRD 20 Jivp

Page 3 of B Certificate of Compliance and Test Data
(TS35850C.DWG)

35950 525 Dual Brake Metering Valve Assembly Job §

Eff. Date 01/30{91__ Revision N/C_____ Revised
TEST DATA -

: S l :

Requirements i Results

T;"’|Test For Prt;‘siure ;::‘{ IC},‘::rid
) Right |

Brake |With pressure applied rapidly actuate &
Ret. to maintain input lever at 1.08 inch
Bench travel. Open needle valve at Left Brake -
m | Left to produce a flow of 16 GPM. The OK R/W OK

& | pressure drop (minus tare) shall not
15 : Brake exceed the following:
- ‘ - Basic & —-503: psi
. eedle -501 & -505: 100 psi
Valve

With pressure applied rapidly actuate &
maintain input lever at 0.89 inch Pressure
travel. Open needle valve at Right Brake o
to produce a flow of 16 GPl.ngThe BK%
Pressure 3000 | Pres | pressure drop (minus tare) shall not
v Drop " | Left |exceed the following:
™ | Brake Basic & -503: 1200 psi Minimum
Ret. to —501 & -505: 100 psi Inlet
Bench |Pressure at Pressure Port shall not fall| Pressure
——— |below the following: > an
Right Basic & -503: 2500 psi R/W OK
e la =501 & -505: 2950 psi 1 —
Flowmeter With pressure applied rapidly actuate &
! ' maintain input lever at 1.08 inch

' travel. Open needle valve at Right Brake
» to produce a flow of 16 GPM. The R/W| 0K
17 pressure drop (minus tare) shall not -

f | exceed the following:
Basic & ~503: 600 psi

B l N ~501 & -505: 100 psi _
. Left-Brak
| BI;’:]:B With levers in the Full OFF position :
| & apply pressure. Flow from each Brake < R/'IOKI
#A ~ 500 |Return’ o). Port shall be steady and greater than gt Brake
(6 I Brake to42 GPM with no tendency to block ——
! | ] |Plowmeten flO¥- R/W|OK|
(Continued on Next Page) 57K
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4 J_I || 4 L . fortner engineering and manufacturing, in-
4 —t :] MYDRAULICS / PMEUMATICS / ELECTHNO MECHAMNIC AL ASSEMBLIES
_+ _4 T—'—"‘ _*_4 " 1 CERTIF I(A'l'cl'tI:sl';ﬂl,Alh.rlcl'.!?;‘l:,usv‘:‘:l:::ctpll IR776I
| ! Los ot L HOLDER OF SFAR 16 AUTHORITY .
LT LT customer_fzigx DACO S/N 4L&%12
Chapter 32-44-03 FE. S/N
wlendul Vil o Mol M)
Page 4 of 8 T Certificate of Compliance and Test Data
(TS35950D.DWG)
35850-S57 Dual Brake Metering Valve Assembly Job g
Eff. Date 01/30/88 Revision ~ N/C ~~ Revised
— ~ JTEST DATA
Test| Pressure| Test | Closed I
P IlTest For psi | Port | Port Requirements Results
[ ’ B Drain oIl fluid from the end caps by T
! removing bleeder valves. Replace
bleeder valves, torque bleeder valves
| to 10-15 ft.—~lbs. Apply pressure.
After a one minute wait record input
| . lever travel & input force vs. gage
| l pressure at the following pressures: )
' [Ascending [Lever Travel|lnput Force Bl;’ﬂ' Right
| Pressure | (Inches) (Pounds) ake | Brake
CEFT| [¥3 5 (ok | | [ok |
. 70 psi 129-.179 | 3.15-7.18 R/W | [R/W)|
| _ A
1 Gageso|| FEGrT| 17 | b LOK ) | LOX
l Brake || ~> s Uloxl | Mok
Ports 475 it K ' || 0K,
- |Functional | e .
W lpomctnnl 3000 | Pres. |gp psi|| 250 psi | 203-254 | 584-1036 | R/W| | [R/W/
L ’ l;ealtief Ll OK | OK
@ — =N el | Mo
| | [ORetum F9Y 15 rok | | [ox]
600 psi | .345-.400 | 11.08-16.55| R/W |_R/I
‘ 356 , [0k | oK
, ! 09’(4'0 2< /76| [ox] | [ox
[ 1200 psi | 2006<27.16 | [R/W| | [R/W
| | 3 57/ e ok | [oK]
{ l 770 ok | | [ok]|
| | | 2500 psi | 766625 | 39.52- 50,15 R/W | R/W
| - | S 5 < ) | LS OK OK
l |' -O'% |(Basick-503) .‘W (| OK | | [ OK
|| 3000 psi| 833-.882 47 0d. %00 rwl | R/
/W /¥
| | (~501&-505) =
‘ ‘ 766-.825 ¢3 OK | | [OK
— (Conunued on Next Page)
L
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T Tt . : :
4t _]- ‘ fortner engineering and manufacturing, .
__4__' i !_ B L - MYDRAULICS « PNEUMATICS | ELECTROD MPCHANICAL ASSFEFMBLIFS

_T | CERTIFICATED F.A.A. REPAIR STATION #PUIRTTEL
T T . - CLASS | ACCESSORY RATING
1 | A L1 ] HOLDER OF SFAR 16 AUTHORITY _
T T T T customer_ feoex paco syN 3%
P Chapter 32-44-03 FE. S/N .
whendsibe, codipovnne $IXN 2079
Page 50t 8 7 4 .
(TS35950E.DWG) Certificate of Compliance and Test Dats
35960~ 505 Dual Brake Metering Valve Assembly Job # )
Eff. Date 01/30/98 - Revision N/C Revised -
TEST DATA L
T;’t?‘re-t For Pn::iur::— ;:::: Cll,?:td Requirements Results
1 | With the lever force at 67 lbs., the
L ‘ lever travel must be 1.070/1. 090 in. | t9“|R/'|j

Adjust and lock the Full On

{ ﬁom Full On allow levers to retract i

| to give noted pressures. Compare |

| data with that recorded in Tuat ‘!15 |
| Hysteresis shall not exceed note

l values.

| Declining |Lever Travel|Input Force || Left | Right
i i ‘ l I! Pressure (l.nr.'hea), (Pounds) Brake | Brake
- _ T ' ra
} { ' <2;0):]~7m ‘Within . Iithig:é'{l .30 | OK OK |
, Psi "of Test 15 | of Test 15 I R/W| | |R/W|
Gageso /’{@‘ /70 52 oK | | | oK
rake 7Z .5 | Fox] | e
I ‘F"‘““:’j“' 3000 | Pres. | Ports 1200 i jvmun %.100! within +6.88[ |-OK -OE,
347 |Operation 160 psi|| <" P™ of Test 15 | of Test 15 | (R/W| | R/W
| | | Retiet r_grﬂz_.ﬁo | 7o [OK ] | LOK
‘ g ¥ ive OK OK
| 600 oai M 100 | Within® 4 4.84 | {
| PSi 1'of Test 15 | of Test 15 | [R/W| | IR/W
. | o S e o) | [ok
| | 78 [ox] | [ox
! 250 osi it +100 | Within 2.3.65 ﬂj —°K_|
{ { PS |'of Test 15 | of Test 15 | [R/W| | |R
|| R
. ! - -
; ' - I 70 pat within /= 100 Within 303l | OK| | [OK
| | | orgzat 15 ol’s'[gst 15 || [R/¥] tﬁal
I _ . _ oK oK
S R N S — . . ~

(Continued on Next Page)
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EENE RN
|
I 4 HMYDRALLICS ' PNFUMATICON ELFITRO MECHANICAIL ASSEMBLIN Y

|
CERTIFICATED F.AA. REPAIR STATION #PUIRTT76IL
| N CLASS | ACCESSORY RATING
HOLDER OF SFAR I6 AUTHORITY

| |
T T 1T 00 customer. fewex  paco syn _43834)

. Chapter  32-44-03 FE S/N ____
P 8 f I a ) ._'.‘ .'.'\.'.\'- .;.r \‘ﬂ' '
age B o ertificate of Compliance
(TS35950F.DWG) “ and_Tost_Deta
35950~ 2% Dual Brake Metering Valve Assembly Job ¢
Eff. Date 01/30/98 Revision _ N/C Revised o
o _ TEST DATA
Test | Pressure| Test | Closed
# Test For psi Port | Port Requirements Results
o ) ) " 1Drain all fluid from the end caps by |
| (removing bleeder valves. Replace
bleeder valves; torque bleeder valves
to 10-15 ft.—lbs. Apply pressure.
' WITHOUT waiting, record input lever
travel & input force vs. gage pres.
‘ l ] |at the following pressures: s
‘ [Ascending [Lever Travel[Input Force |
I ’ I'Prmure (Inches) (Pounds) |
| I 70 psi 129-.179 | 3.15-7.18
f ‘ r ,Guﬂ’ ‘
Rl I
Punctional A1 . _ B
18 P tion| 000 , Pres. | g0 psi|| 250 psi | .203-.254 | 584-10.36
Relief |
OReturn r
l 7SN ' ’ LOK | || oK
KV \ { | 800 psi | .345-.400 | 11.08-16.55 [R/W| | R/W
o - ox | | Lok
| - — | e -
’ | | | [ox | | [ok]
| || |' ' || 1200 psi | .590-.650 20.08-27.16 | [R/W ;wa_i!
' I ok | | [ok!
| | 2500 psi | .766-.825 | 39.52-50.16|' [R/w R/W
| | Lox] | LK
I | | (agggcaassgs) | oK | | [ox
3000 psi | - o 47.00-58.00
) = (-501&-505) juad M1
| ! | .766-.825 | LOK OK
 — i m— R R -— — — — ._-—-. R -.—..__..J-—-__ o ——a | —

" (Continued on Next _P;Ie)
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N391FE

HYDRALLICS

PNEUMATICS

ELECTRO MECHANIC AL ASSEME]

CERTIFICATED F.A.A, REPAIR STATION #PUSR776L
CLASS | ACCESSORY RATING
HOLDER OF SFAR 36 AUTHORITY

(Continued on Next Page)

e Customer __ Fidi) _ paco s/N _A3977:
VI8 shompson avenise Chapter 32-44-03 FE. S/N
vlendale, « olsforma VN 2079
(RN 207040 25 214 254 5h)
Page 7 of B 20 oy
(TS35850G.DWG) Certificate of Compliance and Test Data
35050~ $2% Dual Brake Metering Valve Assembly Job § o
Eff. Date 01_{:1{)_[98 Revision __'A' Revised 01(26(00
o - I TEST DATA S
Test Pressure| Test Closed
4 Test For| pr Port | Port Requirements Results
From Pull On allow levers to retract
| to give noted pressures. Compare
data with that recorded in Test §15.
Hysteresis shall not exceed noted
l values.
. | Declining |Lever Travel|Input Force Left | Right
‘ ' | ‘ | Pressure | (Inches) (Pounds) Brake | Brake
oK OK |
| [ ' 2600 pal Within +.100 | Within11.30 7 L--ﬁ
| PEL 1 of Test 15 | of Test 15
l \ l | . —— 1 0K OK |
L [ i +.100 | minin 000 (] | [
| | e . ithin . R
Functional , Ports | 1200 psi R/ | [R/W)
19 IOpentlon 3000 1_ ] _0_._ ( of Test 15 of Test 15 oK OK |
| R 4 — 4 - —_—
‘ qxjeb ~ Pres. |60 psi|| .o psi |Within +.100 Within 14.84 %— | .~—J:f,_
- Relief bt
‘6\L’\ l | .ROLH of Test 15 | of Test 15 [ox | oK |
! Mo Mok |
| ‘ ' 250 ogi [(Within +.100 | Within +3.65 595] t:KE
| PSi [of Test 15 | of Test 15 || fee| | '
1 | —
| | , — —
' 20 og Within 4100 |Within +3.03 :{: s
' l PSI | of Test 15 | of Test 15 E" x|
l -
-> T —'! Cycle levers to obtain 3500 PSI at Brake Port | [ oo | oo+
H,Zﬁ - | Slowly move levers towards Off position. el |
) Lap assemblies shall return as indicated | (/%] | [BR/¥
_ Bindi ‘ 3500 ‘ 'by normal leakage at Return Ports. 0K _QK_J__
*“5 ng | ' *T" 1o [Cycle levers to obtain 3000 PSI 18 GPM at| [t [ox
"2{ ‘ &i“,‘r“ Brake Port. Slowly move levers towards Off 1
| |Gage ®|position. Lap assemblies shall return as oK x
R | | 1 Brnke indicated by normal leakage at Return Ports.| =7 g__
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|| |
_~_J_ fortner engineering and manufacturing, inc

| HYDHRAULK'S @ PNEUMATICS | ELECTRO MECHANICAL ASSEMBIIES

i
i [ | | CERTIFICATED F.A.A. REPAIR STATION #PUIRTTEL
| ] | CLASS | ACCESSORY RATING

HMOLDER OF SFAR 18 AUTHORITY
| 1A
: - - E Customer __ [E0EX DACO S/N _ 43594
98 thompson avenne Chapter  82-44-03 F.E. S/N
plendaly, califormia W20 - 207
FEIE) 2HLTTED S 208 AR5
Pu& B of H ferw (ETH) 200 PRI
(TS35050H.DWG) Certificate of Compliance and Test Data
a5050- 27 Dual Hrake Metering Valve Assembly Job
Eff. Date 01/30/08 Revision A" Revised 01,/26,/00
TEST DATA )
Test Pressure| Test | Closed
# Test For] pal Port| Port l Requirements Results
[ |Opu-. bleed valves on 1st slage end caps Left, Brals
i and with zero inlel pressure, actuate ]EIH}IHDK]
F e Travel None |[Wonel None |levers from Full Off to Full On. Lever
o travel shall be 0.889+.010, and force Right Brake
(o required shall not exceed 9.0 Ibs. at -
l lench lever. rRﬂ]ﬂ!{]
NOTE: The following tests are & re—test of Tests §F5&6.
o th lever in Lhe full OFF pusitlnn apply :
[ pressure. Move lever to obtain 2200 Bl-ﬂft” m:
24 st Brake Port. Slowly open needle TR
Gages@ [0 Obtain B0ce leakage from Brake Port. 70| sl
1 2858 |pressure at Hrake Port shall not fall T
3000 P Po ﬂ: below 2000 psi.
W res. w/inline|Connect a hand pump to needle valve Left | Right
Needle of Brake Porl under test. With pressure | Brake|Brake
Valve nfpi.i.ed move lever Lo ul:ltnl:n 2200 p;i
brake port. Open needle valve an -
3‘ apply hand pump pressure. Brake Port U LYo
g pressure must not exceed: Tpsi | psi
2560 for 35850 & 35850-803
h 2500 for 35850-501 & 35050-505
Left Brake lap Assys. Right Brake Lap Assys,
35555-35068  Lap Assy. 3555535068 Lap Assy.
L/A 3/N L/A S/N
36005 Lap Assy. 368005 Lap Assy. Date [1{5?{&&_
L/A S/N L/A S/N
. 1 A 7.
Test Operator - paprm g — Inspector , - .- - TR ?)

Note: &-!‘"ﬂl:-{ l'i.'.iJ:f;Jm,{ l’%urf' Ao ¥ "Eﬂ:‘(‘ rur

(s dulladlon .
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APPENDIX 2
Test Plan and Results
S/IN 444076
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Airworthiness Group Factual Report Addendum 2 DCAO06FA058
McDonnell-Douglas (Boeing) MD-10-10F N391FE

fortner engineering and manufacturing, inc.

HYDRAULICS | PNEUMATICS | ELECTRO MECHANICAL ASSEMBLIES

CERTIFICATED F.A.A, REPAIR STATION #PUIR776L
CLASS | ACCESSORY RATING
HOLDER OF SFAR 16 AUTHORITY

This assembly was repaired in accordance with
applicable sections of Standard Overhaul Procedures
for hydraulic units DC-10 and certifications are

BIE thompson avenue on file at this Repair Station.

lendale, califormia 91201-2079 DAC | ! ‘5"4 'T! )
(818) 240-T780 # {213) 245-4591 0 S""N Q
foux (518) 240- 1009
F.E. 8/N

Test Fluid — drol 5008
Fluid Temp. - B0 to 120°F

35850— 5t5" Dual Brake Metering Valve Assembly

Job #
Model DC~10  Customer T-¢o Ex Chapter  32-44-03
Eff Date 01/30/98 Revision N/C Revised
JEST DATA
Test Pressure| Test | Closed
§ Test For pol Port | Port Requirements Results
With levers in the full OFF p position n]:npl]r
w 75 pressure fnrl{al Mtflgtr There shall be mm
1 0 then no external leakage ure, or permanent
9". 4500 deformation. Leakage from Return Port
Proof shall not exceed 14.3 cc/minute.
Pressure With H.Epliad. adjust needle valve
ot Rl port T b 1600 pal '@ eetura
ere a e
R PP 4000 Gages®|Ports). Maintain pressure for (2) minutes. |OK|R/W |OK|

Pres. | Brake There shall be no external leakage or

’ 'Pnrl’.: or evidence of failure or permanent set.
With levers in the full OFF position apply
,H, 3000 pressure. After a (5) minute wait, leakag 10
9

from Returnm Port shall not mead 8.6 eo
per minute in a (2) minute test.
Internal

Leakage With levers in the full OFF position apply
3000 psi. Move levers to ob 2200+ 200
psi at Brake ports. Reduce input pres-

t‘ Noted sure to 1800 . After a (5) minute wait l
1o leakage from Port shall not exceed
| 1 -1 cc/minute in a (2) minute test.
Test each side of Valve separately for the foll tests. Connect the
Brake Port being tested to bench return with ne valve in line.

Install a pressure e between needle valve and Brake Port.

|
Gages®|With lever in the full OFF position apply
Brake |pressure. Move lever to obtain 2200 psi Left | Right
F 4 3000 |Pres.| Ports |at Brake Port. Slowly open needle nh'e Brake | Brake
/inlineto obtain 60cc leakage from Brake Port. | Z/cq) 7000
Needle |[Pressure at Brake Port shall not fall “pm | pE
Valve below 2000 psi.

(Continued on Next Page)

co
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N391FE

Airworthiness Group Factual Report Addendum 2
McDonnell-Douglas (Boeing) MD-10-10F

. fortner engineering and manufacturing, inc.

HYDRAULICS PNEUMATICS ' ELECTRO MECHANICAL ASSEMBLIES

CERTIFICATED F.ALA. REPAIR STATION *PUIRTTEL

T 1 CLASS 1 ACCESSORY RATING
| HOLDER OF SFAR 36 AUTHORITY

Customer v tr DACO S/N UYHHL T
Chapter 32-44-03 F.E. S/N

N thompron arenur
QI201.207Y

23439

elendale, califi

(KIR) 207740 /1213

pu‘ 2 0f 8 fau (N1K) 240100y ) c
(TS35850B.DWG)

35850~ 5% Dual Brake Metering Valve Assembly

Eff. Date 01/30/98 Revision N/C
TEST DATA

e

Job #
Revised

Tent

Test For

psi

T
Pressure

Test
Port

Closed |
Port

Requirements

Results

Dynamic
Functional

3000

Pres.

Gages®
Brake
Ports

Connect a hand pump to needle valve
of Breke Port under test. With pressure
applied move lever to obtain 2200 psi
at brake port. Open needle valve and
apply hand pump pressure. Brake Port
pressure must not exceed:

2550 for 35850 & 35850-503

2500 for 35850-501 & 35850-505

Left | Right
Brake Brake

72X 20
psi

2eix >
psi

Gages®
Brake
Ports

Ret. to
Bench

With pressure npglied fully actuate each
lever at least (10) times at rates that
range from very slow to very fast.
There shall be no evidence of binding, -
sticking, or chattering.

o ok

Noted

Left
Brake

Right
Brake
& Pres.
Ret. to
Bench

With levers in the full OFF position
apply pressure to produce (8) GPM.
Pressure drop shall not exceed 350 psi.
(Minus Tare)

550 psi

Right
Brake

Left
Brake
& Pres.

Ret. to
Bench

With levers in the full OFF position
apply pressure to produce (8) GPM.
Pressure drop shall not exceed 350 psi.
(Minus Tare)

250

psi

Pres.

Right
Brake
Ret. to
Bench

With pressure applied rapidly actuate &
maintain input lever at 0.89 inch travel,
Open needle valve at Left Brake to
produce a flow of 18 GPM. The pressure
drop (Minus Tare) shall not exceed the
following:

Basic & -503: 1200 psi

i

Valve

Inline

~501 & -505: 100 psi
Pressure at Pressure Port shall not fall
below the following:

Basic & —503: 2500

-501 & —505: 2950 psi

Pressure
Drop

oflo/v[oe

(Continued on Next Page)
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Airworthiness Group Factual Report Addendum 2 DCAO06FA058
McDonnell-Douglas (Boeing) MD-10-10F N391FE

EERENNEE

fortner engineering and manufacturing, ine.

HYDRAULICS § PNEUMATICS / ELECTRO MECHAMICAL ASTEMBLIES

CERTIFICATED F.A.A. REFPAIR STATION SPUIRTTEL
CLASKE | ACCESSORY RATING
HOLDIR OF SFAR 36 AUTHORITY

Customer el DACO S/N YuuOTe
Chapter 32-44-03 F.E B/N

FE Meompron gvenie
endale, califorma 91200 2079
(BIE) 2407740 £ (21 3) 245.459)

Pﬂ.'ﬂ 3 °f u fox {81 8) 240 0%
Lertificate of Compliance and Test Dats
(TS35850C.DWG)

35850-5C5 Dual Brake Metering Valve Assembly Job §

Eff. Date 01/30/98 Revision N/C Revised
TEST DATA

Test Pressure| Test |Closed
# Test For pai Port | Port Requirements Results

Brake |With qulla:d rapidly actuate &
Ret. to/maintain input lever at 1.08 inch
Bench |travel. Open needle valve at Left Brake
y Left |te produce a flow of 16 GPM. The R/W | OK |
1 Brake pressure drop (minus tare) shall not

i exceed the foll :

Besic & —503: pai
m —501 & —506: 100 psi

With pressure lied ragidl]r actuate &
maintain i.nprul'. er at 0.88 inch Pressure
travel. Open needle valve at Right Brake o
to produce a f}gﬂnf 18 Gf'l:hﬂThu N R "‘I‘|DK
Fressure pressure drop us tare no
4 | Drep | 3000 | Pres. | , n |exceed the following:
Brake Basic & —503: 1200 ]ﬂ. Minimurm
13‘ Ret. to —501 & -505: 100 psi Inlet
Banch m;:mhrtlhaﬂnntfﬂ Pressure
—— oW o . =
t Bagic & -5603: 00 psi R/W | 0K
to -501 & -505: 2860 psi
Flowmeter With pressure applied rapidly aectuate &
maintain input er at 1.08 inch
travel. Open needls valve at Right B =
to produce a flow of 18 GPM. The R/W | 0K

pressure d.n:p {minus tare) shall not
exceed the following:

Basic & -503: 800 psi

—501 & —505: 100 psi
With levers in the Full OFF position y

Bralo apply pressure. Flow from each Brake ‘CIK

kht Port shall be steady and greater than ht Brake
ol ::LE GPM with no tendency to block ﬁ.

flow.

<=

500 |Return

o
<

(Continued on Next Page)
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Airworthiness Group Factual Report Addendum 2 DCAO06FA058
McDonnell-Douglas (Boeing) MD-10-10F N391FE
| fortner engineering and manufacturing, inc.

HYDRAULICS © PNEUMATICE | ELECTRO MECHANICAL ASSEMBLIES

CERTIFICATED F.A.A, REFAIR STATION #PUIRTTEL
CLASS 1 ACCESSORY RATING
HOLDER OF SFAR 36 AUTHORITY

Customer S Ex pAco s/N HH Y8 Tk
Chapter  32-44-03 FE S/N

WIE thomypran avenue

glendale, coliforniv 913082079
(RS} 20-T740 4 (213} 145-45%]
fax (BI8) 240- NG9

foge & of 9 Certificate of Compliance and Test Data
(TS35850D.DWG)
35060— SY5 Dual Brake Metering Valve Assembly Job #
Eff. Date 01/30,/88 Revision _ N/C Revised
JEST _DATA
T?"‘ Test For P"‘;':l““ Pt | Closed Requirements Results
Drain all fluid from the end caps by
removing bleeder valves. Replace
bleeder walves; torque bleeder valves
to 10-15 ft.-lbs. Apply pressure.
After & one minute wait recerd input
lever travel & input force va. gage
pressure at the following pressures: Left | Right
rlmdlng Lever Travel mt Force
] Pressure (Inches) {Pounds) Brake | Brake
™ LEFT [Hs S OK 0K
i 70 psi 120-.179 | 3.15-7.18 rR/W| | [R/W
y- Cagesd| FTONT | 15| 5 | [ox] | (oK
Sre’ke 195 7 ox | | [oK
. Ports
m ,nmmum 3000 | Pres. g0 pei|| 250 psi | .203-.25¢ | 6.84-10.38 [ [R/W| | [R/W
Relief V¥ & OK 0K
OReturs 340 Tz ox]| | [ox
800 psi | .346-.400 | 11.08-18.556( [R/W| | [R/W
3607 /5 oK | | [oK
2K 23 0K oK |
1200 psi | .500-.650 | 20.06-27.18| [R/W| | R
_EEQ 27 OK ﬁ
. 720 76 0K oK |
2500 psi | .766-.825 | 38.52-50.18|| R R/W
743 52 oK | | [oK]
757 |(Basick—503) 5 oK OK |
3000 psi -ﬁ:“‘:s 4?,m?5n.un R/W
7k [ieesass)| S 7 ok | [oK

(Continued on Next Page)
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Airworthiness Group Factual Report Addendum 2 DCAO06FA058

McDonnell-Douglas (Boeing) MD-10-10F N391FE
HEEE
-1 1 1 T . . .
I R ——. fortner engineering and manufacturing, inc.
_l - . ) HYDRAULICS / PNEUMATICS / ELECTRO MECHANICAL ASSEMBLIES
‘1 [ ] | { I CERTIFICATED F.ALA, REPAIR STATION SPUIRT76L
B T N CLASS | ACCESSORY RATING
i l | | HOLDER OF SFAR 16 AUTHORITY
o Customer PenEx pAco s/N HOH G Tk
VIR thompion avenue Chapter 32-44-03 F.E. S/N E—
plendale, california 91201-2079
§18) 240-7740 /(213) 2454591
fau (B18) 240 1009
Page 5 of 8 Certificate of Compliance end Test Data
(TS35050E.DWG) '
35950-465 Dual Brake Metering Velve Assembly Job #

Eff. Date 01/30/98 Revision N/C Revised
JEST DATA

Test Pressure| Test Closed
p Test For psi Port | Port Requirements Results
With the lever force at 67 lbs., the
8 lever travel must be 1.070/1.080 in. | |9K|R/W|OK
2. Adjust and lock the Full On screw. /
From Full On allow levers to retract
to give noted pressures. Compeare
data with that recorded in Test #15.
Hysteresis shall not exceed noted
values,
Declining |Lever Travel|lnput Force Left | Right
Pressure (Inches) (Pounds) Brake | Brake
Wi o
2500 o MitHin *.100| Withint 11.30 | 2K OK |
PS! o Test 15 | of Test 15 | R/W| | |R
Gages® 725 yZ | (oK | oK
Brake 5 2 ZO I
Functional thir 2 oK | || ok
3000 Pres. Ports . |Within =.100| Within +6.88|| | ——
/' (operation 60 psi|| 200 P! | of Test 15 | of Test 15 | R/W | R/W
3 Relief . 560 /7.5 OK | |OK |
ORet =57
“rj within 100 | with s +3.84| LOK| | | OK
800 psi : el
of Test 15 | of Test 15 | R/W| | |R/W
570 ;2. 0K OK |
T70 [
250 og [MhIR *.100 with¥+ 3.65( |-OK| | | OK
PSL | of Test 15 | of Test 15 || [R/W| | |R/W
22O 7 0K 0K |
LTS i1 |
70 pei |MitAID £ J00| witnin +3.03 IE | OK |
P of Test 15 | of Test 15 || R/W | R
j 1Y L/ [ox | | oK
L

(Continued on Next Page)
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McDonnell-Douglas (Boeing) MD-10-10F N391FE

T T

I O . fortner engineering and manufacturing, inc.

| HYDRAULICS PNEUMATICS ¢ ELECTRO MECMANICAL ASSEMRLIES
- ——— e
CERTIFICATED F.A A, REPAIR STATION SPUIRZTHL
CLASS | ACCESSORY RATING
HOLDER OF SFAR 36 AUTHORITY

———————eeee 4

— 4 1 e ———

DT T customer gmepEx  DACO s/N HMHOTG
. Chapter  32-44-03 F.E. S/N
YA MRompson geenie
lendole. cobforma 91201-2079
(S1K) 2407740 / (213} 245459]
Page 6 of 8 T : .
(TS35950F.DWG) Lertificaie of Compliance and Tem Data
35950~ SC5 Dual Brake Metering Valve Assembly Job #
Eff. Date 01/30/98 Revision N/C Revised
TEST DATA

T
T;"' Test For Pr::‘ure ;:!rt Cl]’?retd Requirements Results

Drain all fluld from the end caps by
removing bleeder valves. Replace
bleeder valves;, torque bleeder valves
to 10-15 ft.—-Ibs. Apply pressure.
WITHOUT waiting, record input lever
travel & input force vs. gage pres.
at the following pressures:

|Ascending |Lever Travel Input Force left | Right
Pressure | (Inches) (Pounds) Brake | Brake
Tox | | [ox
70 psi | .120-.179 | 3.15-7.18 | R R/
Cages® 0K &(_
Brake .
Functional Ports :]ox | OK
18 Operation 3000 Pres. gg psi 250 psi .203-.254 5.684-10.36 R/W R/W
Relief 0K 0K
OReturn
4O | OK_
\d?c 600 psi | .345-.400 | 11.08-16.55| R R/W
N2 0K | | (oK
0K OK
1200 psi | .580—.650 20.06-27.16| R R/W
‘ LOK |
0K 0K
2500 psi | .766—.825 39.52-50.16 R/W R/W
0K ! OK I
(Basick-503) lox | [oK
3000 psi | 833892 | 4700-50.00| R/w | R
(~501&-505)
766-.825 oK oK

(Continued on Next Page)
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McDonnell-Douglas (Boeing) MD-10-10F N391FE
NEEEEEEEN
T _T . . .
_J,P_H*_. 44 E fortner engineering and manufacturing, inc
__1_ l —— # HYDRAULICS / PNEUMATICS / ELECTRO MECHANICAL ASSEMEBLIES
CERTIFICATED FAA, REPAIR STATION #PUIRT7TEL
T T CLASS ' ACCESSORY RATING
| i 1 1 HOLDER OF SFAR 316 AUTHORITY
:l [ 11 T L) Ly
- — — Customer [~gn Ex pAaco syN LIHHCT7E
IR rhompson avense chapter 32—“_03 F.E. S/NI
glendale, california 91201.2079
(SIR) 240-TT40 7 (213) 245-459)
Page 7 of 8 [t
(TS35950G.DWG) Certificate of Compliance and Test Data
35050-505 Dual Brake Metering Valve Assembly Job # o
Eff. Date 01/30/88 Revision A" o Revised 01/26/00
S TEST DATA e
Test Pressure| Test |Closed ‘
y Test For pai Port | Port Requirements Results
From Full On allow levers to retract
to give noted pressures. Compare
data with that recorded in Test #15.
Hysteresis shall not exceed noted
values.
Declining |Lever Travel Input Force Left | Right
Pressure | (Inches) (Pounds) Brake | Brake
oK [ ok
2500 psi |Tithin +.100 | Within+11.30 R/W j
P51 of Test 15 | of Test 15 || Fox oK |
s —
G;r‘ek’. (Within +.100 Within +6.88 ok “01‘]
ake . ithin .
Functional 1200 psi R/W R/W
19 Opmi_’ion 3000 Parts of Test 15 | of Test 15 || oy oF
oK | oK _
S Pres. [60 psi| o0 . Within 100 Within +4.84| [y vl
W Relief PSL |of Test 15 | of Test 15 || &¢ o2
S¥A ®Return e
0K
250 osi Within +.100 | Within +3.85 o /¥
PSI | of Test 15 | of Test 15 || rox =
oK) | o)
70 psi  |[Within +.100|Within +3.03 ;};
P of Test 15 | of Test 15 oK |
N o Cycle levers to obtain 3500 PSI at Brake Port - —
3‘ Slowly move levers towards Off position. | 1 ’T—E;-
A Lap assemblies shall return as indicated | [%/¥] 'fg
_ by normal Ieﬂe at Return Ports. L= —
Binding 3500 T to Cyule levers to oblain 3000 PSI @16 GPM at ,ﬂl’/r r—oull
3‘ E:tt'um e Port. Slowly move levers towards Off | /g ‘m
“apodu‘m. lap assemblies shall return as F ok
5 _B‘u,_kgmdlmled by normal leakage at Return Ports.| %= | [O%
(Continued on Next Page)
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Airworthiness Group Factual Report Addendum 2 DCAO06FA058
McDonnell-Douglas (Boeing) MD-10-10F N391FE

fortner engineering and manufacturing, inc.

HYDRAULICS | PNEUMATICS | ELECTRO MECHAMICAL ASSEMMLIES

CERTIFICATED F.A A, REPAIR STATION #PUIRTTEL
CLASS | ACCESSORY RATING
HOLDER OF SFAR 36 AUTHORITY

Customer_fl'fe'r\} Ek DACO S/N Wy Wo7e, B
YIN thompon avenue c‘hupter 32-44-03 F.E. S/N
elendale, coliforaia 972002079 e
(818) 240-7740 /213) 245 439
Page B of B far (818) 240- 1009
(TS35850H.DWG) Certificate of Compliance and Test Data
35950-5CS Dual Brake Metering Valve Assembly Job # o
Eff. Date 01/30/98 Revision A Revised 01/26/00
_ - TEST DATA o _
Test | |Pressure Test | Closed .
4 l'l'est For psi Port. Port Requirements Results
Open bleed velves on 1st stage end caps Laf Brake
Lev and with zero inlet pressure, actuate rL R/W Olﬂ
-3 T :rl None |None None |levers from Full Off to Full On. Lever |
e e travel shall be 0.89+.010, and force Right Brake
| rqulrled shall not exceed 9.0 Ibs. at p m
eac ever. )
| bl

NOTE: The following lests are a re—test of Tests #5&6.

With lever in the full OFF position apply
pressure. Move lever to obtain 2200 psi
at Brake Port. Slowly open needle valve
Gages® to obtain B80cc leakage from Brake Port. B
Brake |/ ressure at Brake Port shall not fall “psi | pst

below 2000 psi.
— {Compensation] 3000 |Pres.| Ports | Py o

w/inline Connect a hand pump to needle valve Left | Right
Needle of Brake Port under test. With pressure | Brake  Brake
Valve |applied move lever to obtain 2200 psi
at brake port. Open needle valve and
apply hand pump pressure. Brake Port
pressure must nol exceed: psi | psi
2550 for 35850 & 35850-503
2500 for 35050-501 & 35050-605

Left | Right
Brake | Brake

48

R

Left Breke lap Assys. Right Brake Lap Assys.
355655—35068 Lap Assy. 3556635068 Lap Assy.
L/A S/N L/A S/N
36905 Lap Assy. 36005 Lap Assy. Date ﬂ A‘,Z Qéh
L/A S/N L/A S/N

p o
N 62 A 1 -~
Test Operator«= s~~~ ~—q ¢ K Inspector , . . (2 )

N“f-. /\Jz‘f (4 // ,‘( mne LWWas ("((cﬁf,ﬂ;-sj‘”‘_/
Unit net reedy £ mstille /rops
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