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CENTRALMETALLURGICAL RESEARCH |+ “1’
AND DEVELOPMENT INSTITUTE, AN
Reporton <= o oo

Failure (damage) analyses
of 2 Flap arm (Part No. 42263-3) of the aircraft C114B
belonged to the Egyptian academy for navigation science

The report is submitted to Central directorate of aircraft accident investigation

Introduction

The left wing flap arm of the aitcraft {SU-BMK) model C114B has been failed on December 2,
2012 during a test of the aircraft in the £ of October airport.

The damaged flap arm was submitted to CMRDI by the Central directorate of aircraft accident
investigation for a possible fajlure analysis. Fig. | shows a photo of the as received damaged flap
arm.

Fig. 1 Damaged flap arm

Profaséur Dr. Eng. Taher A, Bl Bitar

Consultant Englneer
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Material under investigation

1. Chemical Analysis

AND DEVELOPMENT INSTITUTE,

E' CENTRAL METALLURGICAL RESEARCH

The Chemical analysis was carried out by spectro analytical instrument. The
following table represents the chemical composition and mean value of 3 sparks for

the received flap arm

Element | 8i Fe Cu Mn Mg Cr Al

1 0.048 |0.097 |48 0.64 1.49 0.005 92.88
2 0.048 0.1 4.66 0.64 1.46 0.006 93.05
3 0.048 10.096 [4.62 0.65 1.43 0.006 93.12
Mean 0.048 [0.097 |4.60 0.64 1.46 0.006 93.02
value

The chemical composition of the flap amm under investigation coincides with Al-
alloy series 2000 and satisfies the specification of alloy 2124,

2. Photographic and Stereoscopic investigation

Fig. 2 shows photos of the failed part of the flap arm. It is clearly noticed that
thinning is more pronounced at the joint part of the flap arm indicating higher
fragmentation rate at the joint part,

Fig 2 Photos of the failed (fragmented) part of the flap arm
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CENTRAL METALLURGICAL RESEARCH
E AND DEVELOPMENT INSTITUTE,

CMRDI
| cusing on the fragmented surface of the flap arm has been done using the sterec-
microscope. Photos are shown in Fig.3. The exfoliated surface of the failed part
indicates that it is 2 severe corrosion problem, and we have to look for the main
reason(s) that created such damage.

' i. eoscopic ptos of exfiated corroded surface of the failed flap arm (X8)

3. Light Microscopic Metallography
Metallography is considered as a powerful facility to learn more about the material

under investigation. Fig. 4 shows cross-sectional microstructure at magnifications
200X and 500X respectively.

Fig. 4 Cross-sectional microstructure of tailed ap arm, X200 & X500

Broiwaur D Eag. Taher A, EIBY
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The microstructure on Fig. 4 reveals elongated matrix grains due to flat rolling and
stretching during alloy processing. Moreaver, the microstructure contains non-
metallic particulates to subsidize the strength and increase stiffness of the matrix

alloy.

4. Scanuing Flectron Microscope {SEM) invistigation

Scanning Electron microscope (SEM) was used to clarify the quality and distribution
of the particulates. Fig. 5 shows particulates shape and distribution at magnifications
X200 and X500 respectively. The particulates could be either graphite or alumina

particles,

Fig. 5 SEM micrograph at different magnification

Fig. 6 contains a micrograph focuses on one of the particulates at high magnification
(X5000). The particulate contains sharp edged corrugated surface resulting during
matrix deformation. Sharp edged corrugated surface particulates are frequently
alumina rather than graphite. Furthermore, the particulate is surrounded by a thin
envelop (white) stress field.

e e A B Diar
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m X 5000

CENTRAL METALLURGICAL RESEARCH
AND DEVELOPMENT INSTITUTE,

Stress
field
envelope

Fig 6 Fragmented particulate |

3. Particulate gualitative analysis

A qualitative analysis has been done by the x-ray (EDX) provided by the scanning
electron microscope (SEM) on some selective particles. Fig. 7 shows a photograph
of the analyzed particle and the EDX analysis chart provided with a qualitative

analysis table,

- ®pm_ X 2000
photograph of the analyzed particle

Specirum 1
o Ml
™ cu
1 2 3 4 5I [ r L] 1 1
18 Sl 1000 coa Curor; 10007 (31 ds] Q

EDX analysis chart

[Bement[ann_flatensity{Weickto [ Weisht%s{Atomic%,

oK 13523 jos322 893 o4z  1doz

ALK [s68.320[0.9645 [19.44 105 |73.98

qualitative analysis table

Fig. 7 Qualitative analysis of reinforced particulate
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The qualitative analysis emphasizes that the reinforced particulates are mainly
Alumina (Al,O5) particles.

6. Assessment of Particulate Volume Fraction
An identifying microscope was also used to assess the volume fraction of the

reinforced particulate. Fig. 8 shows two slices original microstructure and filtered
ones. The computer identifies on slice #1 about 6.2% volume fraction particulates
with a size 20 pym, while in slice #2, the computer identifies about 2.8% volume
fraction particulates with a size 27 pm. As an average, the metal matrix contains
about 4.5% volume fraction Al;Q; particulates.

Filtered __ —r

Qriginal

S.Iice # ] Count Total Area Average Size, um

1 21250 441148 20.76
2 7404 199442 26.937

Fig. 8 Original and filtered microstructure of two areas

\, 51 Gilar

ﬂl«&'l

P.0.Box; 87 Helwan - Cairo - Egypt
Info&emrdi.sci.eg WWW.EN

s earimen
H \1;:1“9, kg‘(




t CENTRAL METALLURGICAL RESEARCH
E AND DEVELOPMENT INSTITUTE,

—
CMRDI

7. Investigation on the corrosion reasons:

Al-alloys are usually protected by elecirochemical coating that  converting Al
metal into A1,0; by adding an external current in an acid electrolyte. The oxide film
consists of a thin, continuous barrier layer with about 7-15 pm thickness providing a

Tairly hard surface,

The flap arm under investigation is subjected to two types of corrosion mechanisms
as follows:

1- stress corrosion cracking (due to repeated high frequency vibration);

2- galvanic cell corrosion (due to matrix/particulate cell formation)

The flap arm is normally working in severe conditions, where it works to draw the
flap to resist air flow resulting in high frequency vibration. Repeated vibration
during the life time of the flap arm is leading to crack initiation and then
propagation in the anodized hard coat of Al;Os.

High stiffness of the present Al-composite provides the alloy good properties to
withstand air flow resistant without any permanent deformation. However, stresses
are accumulated internally at the interface layer between matrix and particulates
forming envelops of stress fields around particulates. Consequently, stress corrosion
cracking begins to be created.

Furthermore, after the anodized film cracking and in presence of either humidity or
chlorine jons (near the sea coast), galvanic cell corrosion is initiated between the
matrix and particulates resulting in erosion and fragmentation (exfoliating) of the
outer arm surface followed by the inner ones,

Damage (fragmentation} is more pronounced causing thinning near the joint of the
arm, where concentration of the internal stresses is higher than at the rest of the arm.
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Conclusions
1. The flap arm is processed of 2124 Al-alloy composite with about 4.5%

2.

3.

4,

Research team from CMRDI

Professor Taher A. El-Bitar ~

Plastic Deformation Department

volume fraction Al,O; particulates.
Stress corrosion cracking as well as palvanic cell corrosion are the

predominant mechanisms.
Corrosion starts after cracking of the thin anodized layer, due to repeated high

frequency vibrations.
Damage (fragmentation) is more pronounced causing thinning near the joint

of the arm.
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LS ANNUAL INSPECTION  cpicd) Cidsl 6 ali 2 clpla) Y—1A—)
MAINTENANCE MANUAL .4 45230 o4

114B1114TC .
SECTIONT oL MAINTENANCE MANUAL mﬁm{%‘ pany
e. Adjust the turnbuckle, located aft of the main
spar to obtain the correct tension of 30 pounds NOTE —
(25 pounds)on each cable. Do not apply more than one pound
pressure trailing edge of aileron when
NOTE measuring free play.
Tensjon readings should be taken close
to the mid-span point in a cable run. :
Readings should be avoided at less thon | ™ g?ﬁﬁ:,:? tﬁ: a"d-t;m“t anY tondency
y with one wing low
6 inches from a terminal or 18 inches condition by adjusting the ground adjustable
from a pulley or fairlead. trim tab. See information under Aileron Trim

f. Remove the belicrank rig pin from both Tab.

ailerons and remove the control wheel lock

from the control column. AILERONTRIM TAB
2. Rotate the control wheels clockwise to deflect the

right aileron up and the left down, Adjust the

right afleron stop to position the right aileron at

the 23.5(x 3.5) degrees up position, Left aileron

A fixed-position trim tab is antached to the left

sileron. A left wing high attitude may be corrected

by bending the trim tab down. Bending the tab up
should be at the 9 (+ 2) degrees down position. will correct a Jeft wing low attitude. Use forming
Tighten the aileron-stap checknut. block when bending tab, and do not bend more

h.  Rotate control wheels counterclockwise to deflact  than 0.50-inch tab deflection in ejther direction.
the left zileron up and the right aileron down.
Adjust the left aileron stop to obtaina 23.5(x 3.5) WING FLAPS
degrecs up position on left ailerop. Right aileron —
should be at the 9+ 2) degrees down position. An all-metal wing flap installed on each wing is

i Check the difference between the left and right  attached to the aft wing spar and extends outboard
ailerons in the up position. There shall notbe  from the fuselage to the ailerons. The wing flaps
more than four degrees difference. Tightenthe  are electrically operated and controlied by a switch

aileron-stop checknut, located on the lower right side of the instrument

J. Adjust the ailcron down stops to contact the panel. Power from an electric motor is transmitted
bellcrank while the up stop on the opposite side e flaps through & jackscrew connected 1o a
of the zircraft is in contact with the bellcrank. torque tube, and from the torque tube to the flaps
Tighten the aileron-stop checknut. with push-pull rods.

k. Be sure all the turn buckle safety clips are in-
stailed, all cables and cable guards are properly REMOVAL AND INSTALLATION OF WING

installed and all jam nuts are tightened, then FLAPS
replace all parts removed for access.
1. Check the aileron system for friction. If
excessive friction is apparent, check for the a. Disconnect flap push-pull rod at flap. Do not

change position of rod end on push-pull rod.

following: r
1. F , defective or dry bearings. b. Remove flap hinge bolts.
e, CeTbotve or £ c. Remove flap from aircraft,

2. Control surfaces improperly aligned with

matching surfaces. ] ]
3. Pulleys frozen or cables rubbing. Instaliation of the flap is the reverse of the removal

m. Install the control wheel lock. Check aileron procedure. In the event push-pull rod length has
trailing edge free play at inboard end of aileron  been altered, the flap will have to be completely -
with aileron in zero degree rigging position, rerigged.
Check that free play dees not exceed 0.12-inch,
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ircraft Company 114B/114TC SECTION 7
Commander 114B/114TC MAINTENANCE MANUAL FLIGHT CONTROLS

. PUSH-PULL ROD
. TORQUE TUBE
. SUPPORT BEARING
. LIMIT SWITCH NUMBER 3
LIMIT SWITCH NUMBER 2
. LIMIT SWITCH NUMBER 1
FLAP MOTOR
. POTENTIOMETER

ARM

-] YL Y TN

Figure 7-4, Flap Controls Installation
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FLIGHT CONTROLS
SECTION 7

114B/114TC
MAINTENANCE MANUAL

Wﬁmﬂﬁ Company
mmander 114B/3 14TC

REMOVAL AND INSTALLATION OF FLAP
MOTOR ASSEMBLY

a. Remove rear seal and rear seat clossout
assembly to gain access to the flap motor
located aft of the main spar.

b. Separate the two connector plugs on the flap
assembly wire harness and disconnect the
ground wires.

¢. Remove the hardware that ataches the flap

motor jackscrew housing to the torque tube

{see Figure 7-4),

Remove the hardware that attaches the forward

end of the flap motor assembly to the spar

mount bracket.

c. The flap motor assembly is now free for
removal; to install, reverse this procedure,

NOTE
1t is not necessary to remove the entire
flap motor assembly if removing only the
electric motor. The motor can be removed
by rexnoving the two bolts atiaching the
motor to the rest of the assembly.

FLAPRIGGING

Remove the rear seat and rear seat closeout
assembly, and the inboard access plate located on
the inboard under side of the wings.

NOTE
The left and right flaps to be rigged at the
same time. The aircraft to be on jacks with

landing gear clear of the ground,

a. Position flap torque tube in flaps up position
(64° (x 2°)) as shown in Figure 7-11,

b. Place a propeller protractor 12 inches aft of the
firewall on the bottom surface of the aircraft at
the centerline. Zero the protractor. Position
the prapeller protractor on flap as shown in
Figure 7-12, at 1.50 inches inboard from the
outboard end of the flap. Adjust the push rods
to obtain a reading of 11.5° (x 1°), Tighten the
push rod check nuts. The flap is at 0° rigging
position and all subsequent angles are to be
read from this position.

c.

Note the three limit switches on the flap motor
support rod. Refer to the forward swilch as
number one, the center switch as number tweo
and the aft switch as number three (see Figure
7-5).

~—

d. Adjust switch sumber one so that the

Jjackscrew collar has just actuated the switch
lever. Tighten the setscrew.

Lower the flaps to the fully extended position
using the propeller protractor, 35° (+0°, -2°).
Adjust switch number three so that the
Jackscrew collar has just actuated the switch
lever. Tighten the setscrew.

8. Position flaps 10° (+ 2°) down using the

e

protractor,

Adjust the flap pasition sender to obtain a
reading on the flap position indicator in the
insrument panel. The reading should be
within two degrees of the true flap position,
Position flaps at 22.5° (+ .57} using flap
position indicator reading.

Retract the landing gear.

Adjust switch number two so that the jackscrew
collar bas just actuated the switch lever (gear
warning horn sounds). Tighten the setscrew.

35 DEGREE WING FLAP/
GEAR WARNING SWITCH
(LIMIT SWITCH NUMBER 3)

22.5 DEGREE WING FLAP/
GEAR WARNING SWITCH
(LIMIT SWITCH NUMBER 2)

0 DEGREE WING FLAP/
GEAR WARNING SWITCH
(LIMIT SWITCH NUMBER 1)

JACK-SCREW
COLLAR

Figure 7-5. Wing Flap Warning Switch
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114BH14TC
MAINTENANCE MANUAL

SECTION 7
FLIGHT CONTROLS

Position the flaps to 35°. Allow switch three
to shutoff the flap motor. Check that gear
waming horn continues to sound through the
flap range from 22.5° (+.5°) to full down flap.
Refer to Section 6 for adjustment of gear
warning throttle switch.

- Check the flap position indicator reading. The

indictor should read 35° (x 2°).

Position flaps to 0°. Allow switch 1 to shut off
the moter. Check that the gear warning horn
stops sounding between 22° and 23° as read
from the flap position indicator.

Recheck the flap position indicator 0°, 22.5°
(£.5)°, and 35° readings.

Lower landing gear.

Make sure all jam nnts arc tightened and atl
switches are secure, then replace all parts
removed for access.

AILERON AND FLAP RIGGING (ALTERNATE
METHOD)

This alternate method of rigging ailerons and flaps is
provided in the event problems are encountered while
rigging by the standard method. The ailerons and
flaps will have to be rigged simultancously when
using this procedure,

Place a propeller protractor 12 inches aft of the
firewall on bottom surface of the aircraft at the
centerline (sec Figure 7-12). Adjust the
protractor so that it now reads 0°, Be certain
the protractor doesn’t get turned 180°, This
could result in erroneous readings.

Set the flaps in the fully retracted position and
adjust the push rods to obtain a reading of
11,5° (£ 1°).

Set the protractor on the outhoard edge of the
flap and reset the index to zero. This will also
be the zero or neutral position for the aiterons.
Place the protractor on the aileron surface 1.50
inches outboard from the inboard edge of
aileron normal to the trailing edge.

Loosen the aileron control cables and place the
ground adjustable aileron tab in the center
positien,

Set the aileron bellcrank so that aileron push-
pull rod is directly under the bellcrank pivot
point, see Figure 7-12, Clamp or hold
bellcrank in this position,

=

- -

i

L

Adjust the aileron push-pul rod to place the
aileron in 2 9° (¢ 2°) down position from neutral,
Adjust the aileron stop 1o obtain a 23.5° (+
3.5°) up position on the aileron.

Repeat steps f. though h. for the opposite aileron,
Clamy a rigging bar to the aileron control wheels
to neutralize the control wheels, Verify that the
control wheels are level,

Clamp the ailerons to the flaps.

NOTE
Use spacer blocks on the flaps if needed.

Assure that the control column chain is located
as depicted in Rigure 7-3 and are even,

. Adjust the turnbuckle, located aft of the main

spar, to obtain correct tension of 30 pounds (+5
pounds) vn each cable,

- ‘CAUTION

Al cables should be tensioned evenly to
prevent damage at clamping points,
Cables should be tenstoned within five
pounds of each other.

Remove any clamps, holding fixeures or rigging
bars.

Assure all tumbuckle safety clips are installed,
all cables and cable guards are properly
installed, and all checknuts are tightened.

Turn the control wheels clockwise to deflect right
aileron up and left aileron down. Check right
aileron for 2 23.5° (x 3.5°) up position and the
left aileron for a 9° (x 2°) down position.

q. Adjust the aileron down stops to contact the

#n

belicrank while the up stop on opposite side of

aircraft is in contact with bellcrank. Tighten

the aileron-stop checknut.

Replace all parts removed for access.

Check the aileron and flap systems for friction.

If excessive friction is apparent, check for the

following;:

1. Frozen, defective or dry bearings.

2. Control surfaces improperly aligned with
matching surfaces.

3. Pulleys frozen or cables rubbing,
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Wﬁrcﬂ.ﬁ Company 1148114TC SECTION 7
mmander 114B/114TC MAINTENANCE MANUAL FLIGHT CONTROLS
TROUBLE PROBABLE CAUSE REMEDY
AILERON SYSTEM

Lost motion between control wheal
and alleran.

Raaistance 1o control wheal rotation,

Control wheels not synchronized.

Control wheels not horizontal when
allarons ara neutral.

Incorrect aileron traval.

Corract ailaron travel cannot be
obtained by adjusting bellerank
stops.

Cable tension too low,

Broken puilay.
Cables not in place on pulleys.

Fullays binding or rubbing,

Control column chains too tight.

Cablas not in place on pulleys.
Bent ailaron.
Cable tension too tight.

Incorrect control column rigging.

ineorract alleron system rigging.
Ailaron push-pull rods out of rg.

Aileron bellcrank slops incorrectly
adjusted.

Incorract rigging of control cables
andfor push-pult rods.

Adjust cable tension as shown in
Figure 7-14.

Replace pulley.

[Install cables correctly. Check

cable guards.

Replace binding pulleys. Altow for
clearance if rubbing pulley brackets
or cable guarde.

Recheck cable tension as shown in
Figure 7-14. Check chain for
lubrication, excessive wear and
cleanlinass.

install cables corractly.
Repair or replaca ailsron,

Adjust cable tension in accordance
with rigging procedures.

Rig in accordance with aileron
Hgying procedures.
Rig in accordance with aileron
rigging procedures,

Rig in accordance with aileron
rigging procedures.

Rig in accordance with alleron
rigging procedures.

Rig in accordance wiih allaron
rigalng procedures.

Flaps do not extend (down) or
retract (up).

Clrcull breakar out.

Incorrect rigging of belleranks, Rig In accordance with aileren
rigging procedures.
FLAP SYSTEM
BATT MASTER swilch OFF. Tum switch ON.

Reset circult breaker.

Figure 7-17. Trouble Shooting Flight Control System (Sheet 1 of 5)
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FLIGHT CONTROLS 114B/114TC ircraft Company
SECTION 7 MAINTENANCE MANUAL Commander 114B/114TC
TROUBLE PROBABLE CAUSE REMEDY
Flaps do not extend (down) ar Defoctive flap switch, Replace flap switch,
retract (up). (cont)
Defective flap motor. Replace flap motor.
Defective alectrical circuit Replace defective wires.
Stripped or broken Jackscrew on Repiace jackscraw assembly.
flap mator.

Fiaps fail to retract (up) completely.

Flaps fail to extend {down)
completely.

Ftaps not gynchronized or fail 1o fit
svenly when retracted (up).

Flaps on one side fall to operate.

Up limit switch incorrectly adjustad.

Incormect rigging of torque tube
arwt/or incorrect adjustment of
push-pull rods.

Down limit swich incorrectly
adjusted.

Incarrect rigging of torque tube
and/or incorrect adjustment of
push-pull rods,

Incorrect adjustment of push-pull
rods.

Bant push-pull rods.
Bent Hap,

Broken arm assemnbly on torqus
tube or broken push-pull rod.

Disconnectad push-pull rod.

Adjust in accordance with rigging
proceduires.

Rig In accordance with rigging
procedures.,

Adjust in accordance with rigging
procedures.

Adjust in aceordance with rigging
procedures.

Adjust in accordance with rigging
procadures.

Straightan or replace.
Repalr or replace fiap.

Replace broken parts.

Connect push-pull rod, and recheck
rigging procedures.

RUDDER SYSTEM

Lost motion betwsen rudder pedals
and rugder.

Excessive reslstance to rudder
padal movement

Cable tension tao fow.

Breoken pulley,

Bolte attaching ruddaer horn
veldment to rudder arm assembly
{oose.

Cable tenslon too high.

Adjust In accordance with rigging
procadures.

Repiace pulley.

Tighten bolts.

Adjust cables in accardance with
rigging procedures

Figure 7-17. Trouble Shooting Flight Control System (Sheet 2 of 5)
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Commander 114B
100 Hrs inspection

SA{J(.: Reg. Station : Date ; Sheet 3 of 4
Item No. Work to be carried out
Airframe Items (continue)

6 Check interior for condition and security.

7 Lubricate all fittings.

8 Aircraft structure,

9 Electrical wiring condition.

10 Control system pulleys, cables and turn buckles.

11 Ventilation systemn'and controls

12 Pilot-Static system.

Stall warning system.

Antenna jnstallation.

13
14
M | Flap system, tracks fittings, position switches, gear warning, flap

= | actuated switch, flap motor and transmission,
i
16 Rudder controls
17 Vacuum system filter.
18 Control decals and labeling.
19 Rudders trim assembly.
Issue: Rev.1
Date: 1/6/2007 Page2-5-4
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