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C. SUMMARY

On September 8, 1994, at 1904 Eastern Daylight time, USAir flight 427, a Boeing 737-
3B7 (737-300), N513AU, crashed while maneuvering to land at Pittsburgh International Airport,
Pittsburgh, Pennsylvania. The airplane was being operated on an instrument flight rules (IFR)
flight plan under the provisions of Title 14, Code of Federal Regulation {CFR), Part 121, on a
regularly scheduled flight from Chicago, Hlinois, to Pittsburgh. The airplane was destroyed by
impact forces and fire near Aliquippa, Pennsylvania. All 132 persons on board were fatally
injured.

D. DETAILS OF THE INVESTIGATION

On March 7 through 9, 1995, the systems group members noted above met at the Parker
Hannifin facilities in Ogden, Utah, to perform a detailed dimensional examination of the accident
airplane’s main rudder power control unit (PCU). The detailed dimensional analysis was
conducted on parts and areas of parts determined by the group to be critical to the operation of
the PCU.

A dielectric/insulation resistance check of the PCU was also conducted. The PCU passed
the dielectric tests. Test results are included as Attachment 2.

The PCU bypass valves were tested and were found to operate normally. Test results are
included as Attachment 3.

The group determined that there were no significant anomalies detected that would
adversely affect the operation of the PCU.

The group also examined and operated a PCU mounted in a test fixture to examine the
effects of binding and/or jamming on different points of the external input mechanisms. Several
non-standard tests were conducted to demonstrate operation of the PCU to the group members.
This examination was recorded on video tape.



1.0 Details of dimensional inspections

Prior to dimensional examination of the components, the systems group defined the critical
aseas for examination and identified. them by marking, the engineering, drawings. The dimensionai
examination did not include every dimension om the engineering. drawing, only those: defined: by
the systems group. The data sheets used to record the dimensions are attached to this factual
report as attachment 1. All noted drawing tolerances are for new parts and do not account for in-
service wear.

Mr. Harby Gogna of Parker Hannifin-Ogden performed the measurements of the PCU
components at the direction of the systems group. All measurements were within drawing
tolerances for new parts for the following parts.

Part #/Dwg Chg/# of measurements Part Name

69-35606/A/8 Guide-Spring, Double internal summing
69-35614/B/2 Cap-Detent, Internal Summing
69-35566/E/7 Crank Assy, Valve Input

69-35567/H/8 Lever Assy, Summing

69-35601/B,G/38 Crank, Redundant Valve Input
69-22760/A/1 Pin-Detent, Internal Summing
66-22825/B/6 Guide-Spring, Single Internal Summing
69-35602/C/14 Lever Assy, Primary

69-35563/D/1 Link Assy, Valve

60164/A/5 Roller Secondary, Slide operating
69-35611/C/4 Sleeve, Yaw Actuator

59174/K/1 Cap-End, Mod. Piston

59188/D/1 Diaphragm, LVDT Transducer



The following components had measurements that were outside of drawing tolerances for
new parts:

69-35612/B Pistorr, YE» Actuator
Four of five measurements taken were within drawing tolerances.

1. The dimension for perpendicularity with datum A of the hole defined in drawing
section A-A was out of tolerance.

69-35604 Lever, Secondary
Nine of ten measurements taken were within drawing tolerances.

1. .050 x 45° chamfer (3 places) was measured as .038 x 45°.

69-35607/B Segment, Cam
Ten of twelve measurements taken were within drawing tolerances.
1. .2502- 2504 dia. hole was .2508.
2. .3122-.3123 dia. dimension was .3120.
69-35605/B Segment, Walking Beam
Eleven of fourteen measurements taken were within drawing tolerances.
1. .8749-.8750 dia. dimension was .8747.
2..3122-.3123 dia. dimension was .3119.
3. .2502-.2504 dimension was .2505.
69-35613/B Fork, Centering Summing Lever
Two of four measurements taken were within drawing tolerances.
1..4505-.4510 dim was .4514
2..2502-.2504 dia. hole was .2506~.2517.
65-44863/T Manifold, Aft
Fourteen of eighteen measurements taken were within drawing tolerances.
1. Sheet 1, zone C2, 3.999-4.0010 dim was 3.5989.
2. Sheet 1, zone C4, 2.999-.3001 dim was 3.0005-3.0017.
3. Sheet 1, zone B6, 3.158-3.162 dim was 3.1562.
4. Sheet 1, zone C3, 2.745-2.755 dim was 2.740.



20 Details of simulated binding/jamming tests

2.1 Test Setup

The binding/jamming tests were conducted using a production Main Rudder PCU, P/N
65-44861-11, mounted in a production acceptance test fixture. The acceptance test fixture was
modified so that a production input control rod could be installed on the PCU. The modification
included the kinematic geometry of the input torque tube and the “J” section structure near the
input control rod (see Figure 1). Also, the external summing lever assembly, and the H-link
assembly were modified so that the degree-of-freedom could be removed from each of the
positions 1 through 4 shown in Figure 1.

A yaw damper coupler was used to drive the yaw damper actuator in a closed loop
configuration. The coupler could be moved to simulate the airplane yawing motion while
monitoring the Main Rudder PCU output. No provisions were made to simulate the airplane ngid
body loop of the yaw damper control system.

22 Test results

A loss of degree-of-freedom on the external summing lever did not produce any
anomalous or amplified main rudder PCU output due to yaw damper commands. In two cases at
positions 1 and 2, the feedback gain was increased and the output of the main rudder PCU, due to
yaw damper commands, was less than 3°. Jamming position 3 to structure (“J” section) or
removing the degree of freedom at position 3, had no affect on the main rudder PCU output due
to yaw damper commands. Jamming the input control rod to structure, such as the “J” section,
also had no affect on the main rudder PCU output due to yaw damper commands.

For all of the above jam conditions, the degree-of-freedom was completely removed, and
the main rudder PCU motion through the input control rod was not possible.

Jamming the input crank to the mamfold, or removing the degree-of-freedom at position
4, caused the mam rudder PCU to go full deflection. In this case the input control rod was back-
driven as the main rudder PCU deflected.



3.0 Video Documentation

Video documentation of the preceding tests was made and is attached to this report as
attachment. 4. The following is documented. on video:

Approximate Time
0-2:09
2:09-4:50
4:50-7:30
7:30-13:53
13:53-19:30
19:30-22:50
22:50-26:20
26:20-27:40
27:40-30:22
30:22-32:28
32:28-56:15

Events

New PCU in test fixture, setup, yaw damper coupler

PCU operation with yaw damper input

Yaw damper input and PCU operation by moving yaw damper coupler
Simulated binding of center bearing on external summing link
Simulated binding of bearing nearest PCU on external summing
Simulated binding of input crank bolt

Simulated jams between input crank and PCU external manifold body stops
Examination of scrape mark on input rod at J-channel {new test unit})
Jam input rod against structure with yaw damper inputs

View of input rod clearance with structure

Secondary stroke flow test demonstration per Boeing overhaul manual

Gregory Phillips
Systems Group Chairman
National Transportation Safety Board
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FeST
PROCEDURE

! IFll_VlNEOEALlFORNIA i
et

b A A e

CHECK BY

DATE

PART NO:
65-44861-

SERIAL NO:

VALVE NO:

DATE:

IBM NO:

PART NAME
RUDDER ACTUATOR P.C.U.

INSP:

TEST

| REQUIREMENTS

RESULTS

acc.|

20 LOW PRESSURE
| LEAKAGE.

NO EXTERNAL LEAKAGE IN 2 HOURS.

21 FLUSHING

'FLUSH AND FILL WITH BMS 3-21
FLUID. CAP PORTS AND ELEC.
RECEPTACLE.

- —-—

22 TEST
ACCEPTANCE

INK STAMP BODY WITH DATA AND
TEST ACCEPTANCE STAMP.

ELECTRICAL TESTS - PERFORM IN SEQUENCE SHOWN

e e S EE S S

23 .DIELECTRIC
' STRENGTH
! 4.3.2

SLOWLY APPLY NOTED 'VOLTAGE.
NO ARCING OR INSLUATION

| FAILURE IN ONE MINUTE. REDUCE
{ VOLTAGE TO ZERO BEFORE

. DISCONNECTING.

* BODY TO PIN 1 AT 1500 VAC
.PIN 1,5,7, & BODY TO PIN 11
PIN 1,5,7, & BODY TO PIN 9
,PIN 1 & BODY TO PIN 5

“PIN 1 & BODY TO PIN 7

AT 1000 VAC
PIN 5 TO PIN 7
PIN 2 TO PIN 11

AT 800 VAC

' 5YS

T a— T—

=35, THLU *9‘]! fsys.
ONLY
"A”

SYS llB "

oK

ik

24 INSULATION
RESISTANCE
4.3.3

APPLY 500 VDC BETWEEN NOTED
_PINS. 100 MEGOHMS MIN RESISTANCE
_ {REQUIREMENT)

 PINS 1,5,7,9,11 TO BODY

'PINS 5,7,9,11 TO 1
I pINs 7,9,11 TO &
' pINS 9,11 TO 7
|PINS 11 TO 9

=5, ™R -9,
ANLY
SYS "A"

1115vs.
SYS HBH

i

654135 1-1

R

re. 28 or 32

25 PIN TO PIN
' RESISTANCE

: CHECK PIN TO PIN RESISTANCE
AT 70°F AND RECORD. MUST
COMPLY WITH NOTED VALUE

RESISTANCE

71-87 OHMS

900~1100 OHMS

900-1100 OHMS

80-165 OHMS

60-135 OHMS
SHORTED
QOPEN

ipzns

1 1=~2

| 5-6

57-8 .

' 9-10
11-12
1-4

3

S

uAll SYS “B“

B

o

[-1 -4.¢

1
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S ﬁ ;’_;.;OVERHAUL. MANUAL

53 .r*,, -,‘N,.‘,.L,__ 3 :;v_

Cé) mtr"i& velts de o pireee b and € of receptacle (2}). Valve
= must, opew without audible delay G‘mdicmtea hy £Xuld £Xow from
eylinder port) .

o, »

" "-'_-'._ (6) Prusuro Drop Test.

(a} Open cylinder{and return ports.

(b) Apply 28 volta de to pins A and C of receptacle (21).

{(¢) Gradually apply 140-psi fluid pressure to pressure port.
Heaaure flow g‘t cylindar port. Flow must be at least 0.4 gpm.

l

&

'(1)' "rest Fixture"_ TF68061-1001 (Fig. 710)

|

2
'

: “ Frictién and Fldw 'reata (Fis- 1101,
. mha fh, ryat iu-'"ia TR

natan bypasa val
u&ﬂx 4 :q:.*,‘...s. '“.ﬁ:‘.- Wi

ve. (51) in test fixture TF68061-1001 (Fig. 710).

vnsssuns omn _
S M OUT €Y < RETURN ] O (38081-108)
oz33]
'x\-m—' T . o ¥
:""( (ﬁmsssunl ml :" ‘ , \ \srnmo 188082)
t, VRREL ' TEST MANIFOLD
| {TF 88081--1001)
MoTmTmleen . (88061}
S SRR LN LAP ASSEMBLY

B

PRI Bypass Valve Test Setup sy
' 2T-e0-0. . Figure 710 7T Jan 5/B 3/é
e 718 '



o bs-1ussy  BOEING  ——
65-45160 CONNERLCIAL IET
QVERHAUL. HANUAL

P, N N

[EST .
R . e

(3) mewmn

am——

(L) With R (return rt) open, apply pressure simultareously to P-IN
: (pressm'e inle and port c1,

S

Raise pressure to 250 psi and measure flow from C2. Flow from C2

"‘sha.u be 1.08 g:m mininnnn !

',Sloﬁly 1ncrease :p:ressure untdl flow from C2 reduces to approximately
166 cc per mimte.

1;1,1;-_:'3“ R
" Measure maximm flow cbtained prior to flow reduction to 166 cc per
; mimrte. Maximum flow shall be 1.75 gpa.

Méasu.rc pressure at vhich flow reduction %o 166 cc per minute from
C2 occurs.. Pressure shall be L6O psi maximum.

(9) Reduce preésure to 200 psi end measure flow from C2, Flow from C2
ghall be 0.97 g intmum,

(10) Comnect port C1 to flowmeter and rereet previous tests ‘1) through
_(9) applying pmssm to P-IN and port C2 simultare~x .,

(3) ‘With ‘“3000-951 pressure epplied to P=IN port end port C2, measured
Lol flow i‘rom R port shall mt exceed@cc per minute.

A 15 :
: (l}) witn pressure 0 C2 port reduced to 1500 psi, measure flow from pert
S Cl. _ Flow from port. Cl shall be 209 to LO9 cc per mimute.

- (5) Open port ca ard measure ﬂow from! ports Cl and C2 cambined. Flow
... from porbs‘Cl and ca Bha.ll ot exceed 6 cc per mimute.

-0 71



MAR P8 *95 89:19 CUSTOMER SUPPORT CSC 7146608350 ° p.2rs1

' PRCDUCTION
- m YEST DRAWN BYD. CHRISTENSEN DATE_12-26-
: PROCEDURE CHECK BY .5: WEIK ___ DATE 11-5-8
PART NO: -1 SERIAL NO: VALVE NO: DATE: 4
68061-3 &42p 6ROGI-3 3-8-95
IBM NO; PART NAME LINSP >
- , Bydpss Uave (A4-SPs 7Em) -
H TEST REQUIREMENTS. ?..-1 RESILIS AGC.}REI. b
) 1 — - R "
FRICTION & PRESS| P IN, €2 P IN, C1 :;-
FLOW =
FLOW cl c2 3
-
1[ecL-e¢2 A) 1.08 GPM MIN. AT /.20 GPM [. /S GPM
2 {c¢cz2-ct 250 PST Zsp . PSI 250 bSI
B) 1.75 GPM MAX BEFORE
SHUT-OFF. [35 em | /3 e |
C) 460 PSI MAX AT SHUT~ -
OFF 340 _ PsI 360 PSI N
D) REDUCE PRES: /05 Gm O GPY <
0.97 GPM MIN. AT 200 .
PSI. 208  PSI K00  PSI 0
3 AKAGE Cl: 15 CC/MIN MAX (-1) cl R
ﬁ (MIL-H-5606 10 CC/MIN) °
>
rLow A\ 300 ¢ 100 CC/MIN (-3) 2
(MIL-B~5606 260 %+ 50 )
CC/MIN)
E R: 15 CC/MIN MAX §_
AA (MIL-H-5606 10 CC/MIN) A0 @/&alfgg L
(-1, =3) CC/MIN CC/MI 0
F" E Cl & C2 COMBINED: H
5 CC/MIN MAX. / cc/MIN 2
- (MIL-H-5606 3.5 CC/MIN) )
S | BYPASS P OUT: .20/.05 GPM
FLOW (P OUT: .22/.05 GPM MIL-B-5606) 0./ GPM .
TEST AFTER SATISFACTORY TEST,
ACCEPTANCE INK STAMP WITH TEST
- ACCEPTANCE. -
3
o
I
e
-1
0
=]
2 .
E - z
e
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PHODUC‘I'ION :
TEST DRAWN BYD. CHRISTENSEN DATE_12-26-
PROCEDURE CHECK BY _8. WEIK ____ DATE 1l-5-8
PART NO: =1 SERIAL NO; VALVE NO: DATE:
68061-3 6430 £R0p]-3 3-p-95
IBM NO: PART NAME INSP: ’
. By pce ol (B-SUsTaM)
TEST T REQUIREMENTS. RESULTS- RCC.[REX. )
?ﬂ—;_ P F ~ k S ———— .
k FRICTION & PRESS| P IN, C2 P IN, Cl =
FLOW .3
FLOW cl c2 3
3
1lecl-c2 A) 1.08 GPM MIN. AT [{5_ G | /4 _ GPM
2] ¢z -~cl 250 PSI 250 PSI | 2o PBSI
B) 1.75 GCPM MAX BEFORE ,
SHUT-OFF. LY epM 13 gry .
C) 460 PSI MAX AT SHUT- - <
OFF 370 ps1 365  PSI 5
D) REDUCE PRES: 8.97_ 6 /.80 GPM <
0.97 GPM MIN. AT 200 )
PSI. Jec _ PSI 2cc  PSI ©
3 | LEARAGE Cl: 15 CC/MIN MAX (~1) ¢l R
(MIL-H~5606 10 CC/MIN) °
>
FLow /N 300 £ 100 CC/MIN (=3) 8
(MIL-B~5606 260 * 50 o
CC/MIN) -
A&g R: 15 CC/MIN MAX §
(MIL-H~5606 10 CC/MIN) 250 Mo leaKage w
(-1, =3) CC/MIN CC/MIN ®
k AKAGE Cl & C2 COMBINED: 8
ﬁ 5 CC/MIN MAX, [ S cemIN =
(MIL-H-5606 3.5 CC/MIN)
S | BYPASS P OUT: .20/.05 GPM
FLOW (P OUT: .22/.05 GPM MIL-B~5606) 0./8 GPM .
TEST APTER SATISFACTORY TEST,
ACCEPTANCE INK STAMP WITH TEST
ACCEPTANCE . -
3
-]
5
-3
[~}
—y
1
[}
-
S .
B =z
€ .

39






