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SUMMARY

L Title
Development of Realtime Safety Diagnosis (HUMS) System

II. Purpose and Necessity of R&D

1. Purpose of R&D

Small Size Aircraft Level Realtime Safety Diagnosis (HUMS) System R&D
comprises of establishing core technology and factor technology for safety
diagnosis of fixed wing small size aircraft and on their basis performing
suitability test, land test and flying test assessment such as test assessment
and manufacturing HUMS prototype, and algorithm regarding fault
diagnosis, fault detection, Load measuring, structural fitness monitoring, data
acquisition and processing for small size aircraft to perform localization and
establishment of infrastructure of domestic safety diagnosis system.

According to FAA, Realtime Safety Diagnosis (HUMS) System does not
apply under TSO item, therefore a standard proposal is being advanced.
Therefore, in this R&D project, by performing environmental conditions
(RTCA/DO-160F, ENVIRONMENTAL CONDITIONS AND TEST PROCEDURES
FOR AIRBORNE EQUIPMENT) software copy authentication (RTCA/DO-178B),
R&D considering additional form evidence (STC, Supplemental Type
Certificate) for future equipping on approved aircraft was advanced.

This project was advanced to enable participation in domestically
developed small size aircraft, lightweight aircraft and domestically developed
unmanned aircraft businesses by establishing technological infrastructure
regarding fault/safety diagnosis through performance of this project.

In particular, research results of HUMS researched in this project
accompanied research regarding acquisition of data using optical sensors to
utilize as precedent technology for aircraft structure monitoring (SHM:
Structure Health Monitoring).

R&D was carried out in order that the results of this research will be
able to be utilized as foundational technology when applying future Fiber
Optics applied structurally important part status monitoring (damage scope
and status detection) technology.
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2. Necessity of R&D

Aircraft accidents result in extensive material loss and loss in human life,
with characteristic damage of aircraft body and fatalities of passengers. In
case of Korea, for each road traffic accident the mean death rate is 1.3
people, where for each aircraft accident the mean death rate is 52 people,
being 40 times that of road traffic accidents. Globally, fatalities related to
multiple occurrence engine aircraft accidents in the past 10 years has been
over 1300 cases per year in average, and total damage accidents over 40
cases per year in average, taking 74% of total aircraft accidents.

Therefore, the US and other advanced countries placed legal obligation
of FDR (Flight Data Recorder) in 1957 for aircraft safety and accident
analysis, carrying out numerous researches by applying latest technology to
acquire the upper hand in aircraft industry and to improve technological
competitiveness, and establishing superiority regarding aircraft industry and
aircraft accident prevention technology. However, the domestic aerosafety
technology field remains in employment of overseas equipment, and
compared to the international prestige and position in the global aircraft
market (8th in the world), government investment in R&D regarding
aerosafety technology field is weak; governmental interest and investment
on aerosafety technological development is sorely required.

In case of aircraft for domestic flight, most are of large size able take
180-400 passengers, and therefore loss in human life and in assets is
extensive in case of an aircraft accident. as aircraft is becoming larger and
more high speed, the extent of loss of assets and human life is also
increasing globally. In case of Korea, aircraft accidents from 1970 to 2004
total 84 cases with 988 deaths and total economic loss of
W754,200,000,000. When domestic aircraft accidents are analyzed per cause,
accidents arising from driving miss are 58 cases amounting to 70%, faulty
maintenance 9 cases amounting to 11%, and other causes 16 cases
amounting to 19%.

From the result of comparing Aircraft advanced country US, Canada and
Australia, aircraft accident expenses per unit passenger km for Korea are 11
times that of the US, 9.7 times that of Australia, and 3 times that of
Canada. Therefore, the risk arising from occurrence of aircraft accidents is
very high compared to the position in the global aircraft market, and an
immediate strategy is required.
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Il. Details and Scope of R&D

1. Realtime Safety Diagnosis (HUMS) System R&D

The core technology of this project has a main purpose of improving
aircraft safety and reducing maintenance expenses by providing the pilot
with information for maintenance and for anticipating fault diagnosis and
parts fitness of fixed wing aircraft. Fixed wing aircraft has different flying
principles and main cause of accident to rotating-wing (helicopter) aircraft,
therefore there is a necessity for development of realtime safety diagnosis
system through control regarding risk factors by establishing a database
regarding each parameter through analysis of risk factors of fixed wing
aircraft. Because limit value of algorithm and number of sensors can change
depending on aircraft, there is a need for securing of data required for
analysis over a long period of time.

For safety diagnosis, Prognostic Health Monitoring is compulsory not
only in system diagnosing after occurrence of fault but also in situations
with high possibility of occurrence of fault. Therefore there is a necessity for
verified operation data over a long period of time for highly reliable data
gathering system and safety diagnosis.

In this research, after analyzing aircraft accident rate, the main causes of
accidents are found, location and number of sensors required for safety
diagnosis are selected, HUMS system is applied and the accident rate
reduced after applying HUMS system is forecasted. The developed algorithm
is tested though specimen and model craft, and Test-bed is selected to
carry out practical test. The selected aircraft is attached with sensor required
for algorithm development, required data is obtained through flying test
and land test such as engine acceleration test and driving test, and the
algorithm is verified. Subsequently, an infrastructure to apply the know-how
gained through such safety diagnosis system procedure is established to
applied to other aircrafts.

2. Algorithm Research for Realtime Safety Diagnosis (HUMS) System
Development
Factors which can affect safety of aircraft include various load and form
change occurring during take-off/landing or flight, and fault or structural
fitness of main installed equipment arising from vibrations caused during
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flight and due to shock damage from collision with external matters or
structures. Therefore, specifications which must be equipped by realtime
safety diagnosis system for aircraft include realtime acquisition of load status
diagnosis and change rate regarding structural factor of aircraft using optical
fiber sensor system, and craft vibration reduction using piezoelectric
transducer a smart material. To this, development of hardware and software
which acquires and processes data obtained from optical fiber and
piezoelectric transducer is accompanied, notifying the pilot and operator on
land in case of occurrence of risk factor, and carries ot interpretation for
overall aircraft safety diagnosis allowing immediate response. Moreover, the
analyzed data establishes the database using fault detection and diagnosis
algorithm for the craft.

Fault Prediction forecasts carious fault modes and possibilities, frequency
of occurrence, severity, and detectability through overall analysis of
frequency of usage, internal structure and functional mechanism of sensors
and actuators, external environment of the installed area, test data or fault
record of each structure composing the aircraft. The results of this research
will be used not only in research on fault detection or fault diagnosis for
each diagnosis area, but also in fault tolerant design.

Fault Detection refers to the method of discovering a fault from the
signal from sensor installed on each diagnosis area of the aircraft, when
there is fault in a particular part of the aircraft. Various techniques are used
for fault detection. This research seeks to develop a fault detection
algorithm which may be most suitably used for each diagnosis area based
on theoretical analysis.

Fault Diagnosis is the part which investigates the location, type,
seriousness and time of the detected fault, and is largely divided into fault
isolation and fault identification. Various techniques are being used in the
case of fault diagnosis also. This research seeks to develop a fault diagnosis
algorithm which may be most suitably used for each diagnosis area based
on theoretical analysis.

3. Quality Certification Strategy Research for Application of Realtime Safety
Diagnosis (HUMS) System in Fixed-Wing Aircraft
Together with Realtime Safety Diagnosis (HUMS) System hardware R&D,
“research on HUMS quality certification strategy carries out procedures of
DO-160F and DO-178B LEVLE"D"
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m RTCA/DO-178B, Software Consideration in Airborne System and
Equipment Certification

m RTCA/DO-160F, Environmental Conditions and Test Procedures for
Airborne Equipment

By carrying out certification procedure for aircraft, accumulation of
experience and growth in related personnel regarding additional form
evidence of future developed aircraft electronic devices can be anticipated.

4. Establishing Aircraft Accident Prevention Technology Development

Technological Infrastructure

Because an aircraft is a large and complex system, the types of fault that
may occur also vary diversely. In case of an aircraft, various structures,
sensors and actuators interact and operate in a very complex manner,
therefore any one factor showing fault affects the operation of the entire
system, and such ultimately results in damaging the stability of the entire
system. Moreover, where various sub-systems are in close relationships with
each other, it is very difficult to determine which part of the system is
malfunctioning with only externally measured data. Therefore a not yet
centralized technological infrastructure is sought to be established through
the aircraft accident prevention technology developed of this project.

. R&D Results

For small size aircraft level Realtime Safety Diagnosis (HUMS) System
R&D, verification plan has been established for status and utilization of
domestic and overseas technological development for the first year to the
second year being Phase 1, and design meeting has been held for
algorithm, equippped equipment and land equipment for the third year to
the fifth year being Phase 2. For the last Phase of the sixth year, flying test
was carried out to supplement/verify the developed installation equipment
and algorithm, and land analysis software for safety diagnosis and
maintenance/control (GSE S/W) were developed also. Moreover, domestically
developed unmanned craft and aircraft remodelling business is participated
in on basis of the know-how acquired through carrying out the processes
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of realtime safety diagnosis system (HUMS).

Attachment 1. HUMS Prototype, GSE H/W and S/W Product (Danam
Systems)

Attachment 2. Structure Platform Algorithm Related Product (KAIST)

Attachment 3. Signal Platform Algorithm Related Product (Hanyang
University)

V. Utilization Plan for R&D Results

For realtime Safety Diagnosis (HUMS) System R&D for small size aircraft,
a database program was develop for establishment of continued flying data
and GSE software applied with the development algorithm, 3 phases of
commercialized equipped device (c-HUMS) and equipped device for
establishing infrastructure over 6 years.

HUMS technological infrastructure developed through this project is
planned to be utilized in domestic/overseas manned/unmanned equipment
safety diagnosis business applied with electric sensor.
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Foundation For Requirement

Federal Aviation Administration (EAA)
Agency of the with authority to
regulate and oversee all aspects of in the U.S.

- Civil Aviation Department

- Acceptance Of Aircraft Components And Material
“ 4. Quality Control and Certification Requirements. “
New Components. All new components can only be accepted for use when accompanied by one of the

following certificates:
a). A JAA Form Qne if from a manufacturing source within the JAA.

b). An FAA Form 8130-03 if from a manufacturing source within the USA.
c). A TCA Form 24-0078 if from a manufacturing source within Canada.
d). An appropriate Certificate of Conformity if from the Original Equipment manufacturer,

Joint Aviation Authorities (JAA) Givil Aviation Authority:
Aeronautical Radio,
Incorporated
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Compact Flash

ata Acquisition [/ Recording
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@ HUMS A AISE A2

- AR A A 2E HF AAE A 2HEEA A

o K| ARA| AEH
o Mg HoE AlS M E g4 ol
* X% HO|E| DB 7% % AEX| K

4 Zl(GSE) % 24 2ZEdO] AT ¢

N

Dimensions
Weight

Power Requirement
Environmental
Software

Accelerometer

PZT

Ethernet

GPS Receiver
Recording Capacity
PCM OUT

Interface

RPM Input
RTD{Temp.)

Ul

120 W+ 114 H * 184 L (mm)
254Kg

10 to 36 VDC

DO-160F

DO-178B Level D

3-axis * 2EA, 1-axis* 2EA
10CH

10/100 UDP or TCP/IP
Up to 2Hz

Up to 16GByte

MNRZ-L

RS-232(AHRS)

Tk

2CH(PT100)

POWER SWITCH
EVENT PUCH BUTTON SWITCH
\FD DISPLAY

2% 21 AN PG A 2" GA HE A

_28_



a9 22 8

- 28, e B 5 dolE
- 39, ZI=doly 35 Ad 3

- 49, dolE v MY

Magnetic Effect
o i e
RICA DO-160F Sec 15
Power Input
HANH A
RTCA DO-160F Sec 16
Voltage Sﬁ-ike

Temperature and Altitude
2C/aE A
RTCA DO-160F Sec 4
Temperature Variation
=LHE M
RTCA DO-160F Sec 5
Humidity
HsEAE
RTCA DO-160F Sec 6
Operational Shocks and Crash Safety
=2 SH0 SE FH MY
RTCA DO-160F Sec 7
Vibration
s M
RTCA DO-160F Sec &

RTCA DO-160F Sec 17
Audio Frequency Conducted Susceptibility
2O Fnk HE OEE A
RTCA DD-160F Sec 18
Induced Signal Susceptibility
Ttz s A
RTCA DO-160F S5ec 19
Radio Frequency Susceptibility (Radiated and C
onducted)
SO 2 Fhp PIEEE(HAHE) Al
RTCA DO-160F Sec 20
Emission of Radio Frequency Energy
SO 2 Fap fUHX] UE AlE
RTCA DO-160F Sec 21
Hectrostatic Discharge
il b
RTCA DO-160F Sec 25

Waterproofness
Ha A

RTCA DO-160F Sec 10

Salt Spray
STET A

RTCA BO-160F S5ec 14
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Sensor 1 Sensor 2
0 Hz 1.9892 0.1324
Case 1 3.3 Hz 2.0184 0.0768
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Case 2 3.3 Hz 1.6099 1.6632
10 Hz 0.4350 0.6757
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Resistance [Ohm]
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— Sweep Frequency 94 : 10 kHz ~ 100 kHz
— Frequency Increment : 225 (Number of Increment : 400)

— Data # 5 Frequency : 1 Hz
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Real Value

. . . Left Wing : Tip (L-T,
Right Wing : Tip (R-T) g : Tip (L-T)
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o - o .
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- 1,200 sec
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Real Value

Real Value

Right Wing : Flap 1 (R-F-1)

Left Wing : Flap 1 (L-F-1)
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Right Wing : Flap 2 (R-F-2) Left Wing : Flap 2 (L-F-2)
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Real Value

Right Wing : Connecter (R-C)

Left Wing : Connecter (L-C)
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Right Wing : Root 2 (R-R-2) Left Wing : Root 2 (L-R-2)
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H
=

—_
fite)

o

i

el

3

=~

=i3

075V Alol=

ol
o
Bl

B

ol

MicroAutoBox e} A A Ale]e] Signal Conditioning BoardE 24

pA

3} RotaxAt

3

[

PN
T

P

Lot
MicroAutoBox

t

Power Supply

-
[¥x]
i
[=]

Analog

11
IR SNOUaI YIS
|

Signal
Conditioning
Board

3Apd = AlE ol d &

o

T

Yellow =

Brown s
Blugs i

Black «

Green =

Shield «

B

Mounting blocks

AAG3T

DT

i

Mounting options

Rod end bearing

2] 912 series A|EO A 43Y

A
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Bjoll A= v

Direction of forces

A

'

'

Direction of

piston travel

J

Pistonaccel Pistondecel Pistonaccel

downward

Piston decel
upward

upward

downward

il

o
,_._mo

50

B

&+
)

ﬂu.o

o

-9
< | Direction of forces

a
'y

P

1_'.

Direction of piston travel

il

EEEER)

KeR
T

ol

171 918kl OSAFe] FF-320

S
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200 10 mm

l_'_l ’ T
a J , .
- f T r_J 2
g N
i | ®
= L i b
E J

et
P 252+ 5 mm

+X

¥ 126 Rotax 912 N (5%) 2 0S FF-320 A2 ($3)

A7 O 2 2Y A A

Rotax 912
&= FF-320 X (&)
TR (Z9)
1l 7] = (Displacement) 3028(cc)x4 1326(cc) x4
A9t W7 (Bore) 795(mm) 277(mm)
9 2~E 578 (Stroke) 61(mm) 220(mm)
o RPM 5800 8500
e @3 o RPM 810(HP) 4.1(HP)
Al (Weight) 554(kg) 2.19(kg)
B4 4 4

slel el B 5 gl vhe} o] FF-320 A gldabs @ikl
Aol Aok, AT B BA| AL TRALEE Fo] AdW RES 1ES

Adsfor stz Q7

o
T =2

% 3
@Agol A Wzel Tl A5 AEE FAA g o AT fAbeko

B ogeE s FF-320 A4S A4
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:ll

=

=

28, ol
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=

ol
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o] 83}

=

=

o A (22)
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o
il
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Fem Adsh e Apole] o]
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& A DA te 2

)

webd AAeh md Abole] o] wleh % u]E
(@) 22w @ A 27

bl ot

M 2 (chain rule)el] ¢
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ﬁ
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70
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KeR
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el
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st mlE Ao diE 2AsEA] olok . o]ejt ol = lste] EEY d

ol dsko] A F7hA ol ZEwk oyt AlEdlol Ay Algel tig WHE R 2

29 127 AADel o8] ngE 9 v

e -zt ol WA AAW Ol 3 nAH] gom AAHE Fo

= o= 3 ol tiske] Sojol vhar g of gk 22 A A ] 3

Aol tigh &S kgk ekl 5 Sk olwf A Aol M RE RHES]

M, + L(x,—x,.)—mg(x,—x,)— k) =0 (2.3)
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¢ ox Z T o
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=
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L=qSCa+qSC 0 (2.6)

M, = q5cCypa+qS5cCypB (2.7)

webA odldel 2o JFS o & A= 4 (249 (255 Al

zero-lift line

ol

f

A9 T ge WA mae olgsel 337 WA WE S4 o
gstug @k oolsh g mde FeE B AN nARNYAW B AT
N 2AY AF EHS oladsts] A g Bk ol/1HE Azde

T WAANS FA 257 f8 gta" A WA 2 (Lagrange’s equation) S 2

P=—kh*+ —kp’ (2.8)
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v, =v,+60by, < b[(1+a)— (1+e)lb, (2.9)

olw] b= E/e F W

ot

Zole] wholth, v, =—hi,o| L&

v, = hi, +b0(a—e)b, (2.10)
mepd Zele] 9% ouxis thgt 2k

K= Lo, <o+ L 162 (2.11)

2 Cc C 2 C

olul I CAgelAel BARWESL 07 Arhn AHgsE 4 21DE

a3 2ol A 5 2
K= %m(%ﬂr bRe20%+ 2bahl) + %J,ﬂé (2.12)

Rdo] gt o9 vy A QoMY 7 d(virtual work)S E

S8 otk QolAe] HEE thgat ol tEhd & 9
v, :—m2+bé(%+a)b2 (2.13)

2 (2138 AEetd el s W) op,E T ol Ate & gl

=
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op, =— 5hi2+b69(%+ a)b, (2.14)

grle AEEs Gholmw 7 847 dw,=00belth. QolAel 7 <
& ged gol 7 4 Ak

§W, = Ll=oh+b(+a)s6]+ M0 (2.15)

ol M QA #Hges mulEolt) weld Qo 7 waow g3
gele ge 2

Q=MoL (2.16)

og ~ Qli=12. (2.17)

23| 5 n=2,q, =hqg=0% 2 217)°] tstA
Uad 2ol & WAEAe de 7 Y
mh+ mbxeé—i— kyh=—1L
; . 1 (2.18)
(]C+mb2x§)9+mbx9h—l—k90:]l4(1+b(5+a)L
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1>
o,
ox,
L)
rot
v

_ 2
L= pobelClyf (2.19)

mh+mbzf+k,h =— p b*dU*Cp0
) oo . s 1 ) (2.20)
(L+mbz;)0+mbxyh+ k) = p.b d(§+ a) U Cpfl

2] (22002 a3 22 JEE vbE 5 Aok

[Z} (2.21)

Js2b-o7k

h _
0 ky 2 |0

0 2dCy
J- ol

02d(%+a)0w

[ m  mbzx,

mbxy [ +mb*z;

o7IM = ddHEe 9

A3} o] AuA

g9 4 (22D% the

Pro||Gn @el[Xx
llaallsl e

e

[]Wn Mz] [Xl_{_ [[(11 [(12} [X]: p_UQ[
Moy My, Ky Ky 1O 2 101
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e gEe) wE, M(i,j=1,2) A%/44 sevd A8, Kx 24 s

=, ij [ehg<]

iy gE, Qs w8 detvE A", (2 dE AF, p2 w7 Uk vE E
£22 yehdity dek do], Alzke] sEee (ML, 7)ol tste] 2 (222)%
A st T 2

e L el

ML ML | 772 MLT 2 ML*T 2| LND (2.93)
:MLsz[L2 0 } [L‘lNDH L ] '
0 L3 |z ' ND|LND

X=1.
X=vI" (2.24)
e)

H 2 (chain rule)ol] 93] 2] (224) 14 v 22 54

NS 1, FRH5E w, FAD AR 7, AL FREE 0 & u A
PN
T

v
T—= Tt

] (2.25)
w=—w

v

w2 (2.24), (2.25)94 o e SAE

= S O t=3F 2~ o
ET o 1eEw=w ‘ITJ~_%]'T /\}]\E}
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O= %q’ﬁ (2.26)
.. U2 ..
o="¢

A (2239 7] BE pE ol&ste] AF/ud detviy #FE M;E A

dstetd v 2o

My, M, . Plgﬁn Pl4ﬁ12
= — (2.27)
My, My, pl" M, pl” M,
2 (2.26)9F (22D o8 t&3 #2 sS40l YT
2
[]‘111]‘41 ] [X}_ PlgMu Pl4]|/[12] [
=0 ="
My Myl 6] | pl* My, pl° M, % s (2.98)
= [atr 0, || M 2 H
0 plPo’ll | My, M| |®

4 2D FEIA FAS W E 34 Sy 48 ke A

shoba chet 2ok

(2.29)

[[(11 I(I2}
Fo Ko

plPv* Ky plv® Ko

A (2.26)9F (22991 98] tE3 2L Aol YT
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_ plv2fn plQOFH

[Kn KH] [X}

o]

Ky Kyl 1O plﬁﬂg plsv2722 (2.30)
[ o TR
0 plv’I Ky | 1P
2] (2.26)°] o8l v 22 sl A"
p_vQ {ZQI 0] [Qﬂ QlQ] [X}: 1 [pﬂvz[ 0 } [ZQH Qm} [F] (2.31)
2 |0 P1| [ @y GOy 20 0 pi? [1Gy @) P '

2] (2.28), (2.30), (23Dl o&f A (2.22)= Fardstshd vha3 2k

My M| [T | By Bu| [ 1[1Qy Qul[ T
e | | [1)- 2 ] 1]

| My My | | My My
ﬁ@] _ [ﬁ @] (3.33)
| Koy Ky, [ B By,
lQll QlQ} — [l Qll Ql?]
1Oy O |1Gh @],
ofml 4 (227), (2290¢ (23] YW e ge FHL FET F
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1 1 ] [ 1 1
— M, — M, —— M, ——M,
plg 11 ,OZ4 12 B pl3 11 pl4 12
1 1 1 1
— M, — M, —— My, —— M,
pl4 21 ,0l5 22 . i pl4 21 pl5 22 .
1 1 1 1
K,
pva 1pl2’02 12 _ plvz lpl21)2 12 (234)
1 1 1 1
K
plzvz 21 pl31)2 22_m ,plQ’UQ 21 pl31)2 22 )
lQll Q12_ _ -lQll Ql?
lQQl QZQ_ m l Q21 QZQ r
upElA] 2 (234)0] AR H4 BAe AA ] &3] el st
54 Gatg gHe B,
- &2 5d 44 =23
A (2308 B BESE 2Ug Az Ae AAHon vg oy
el 2 (234) @estste] F8d B84 guE e 21S Folde= A
of Wastth 4 (22D (230 ol §dto] Thgat e T FET & Ao
m,, m,
3 3
pmlm prlr
(2.35)
kem . kG,.
PudVm PV
ofwl A g AFeldt AAFG F/ VEE FIsdn B F Ao
(P =p,). WEA Aok B4 Al gt 2
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" (2.36)

EE?‘?} 7]%&1 o) %F,/*I %‘:Oﬂ EHT_S]-O:] %7&-} /?3]_/‘]'7]' ﬂ-—f—giﬂok T_S]-E.i }31 (221)%

(2.24), (2.25)°] 98] t53 22 545 752 5 AUk

1
Tbr = Kbm
1 1
o U, = N U, (2.37)
l, l,
_wT = —wm
/UT Um

br - l_mbm
U’I‘

U=—0U, (2.38)
lmvr

w, = I w,,

Cpy =C, (2.39)

w AT o Fevie zEAgronr FeU7t AL AN FT
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. 7EAdsE 4= Qb olu A% o= #eolm=E 42 (Reynolds number) ]
2 wksl F(Mach number)®] GFES FAIZ F At wepa] 2

(2.39)% w=3E7] i 2dy AA 9 #o]ix= 4 (Reynolds number)7} ¥

I P
PR

Ub (2.40)

m-m

olul pi= F71e) HAAFOIY A (23609 FEAAT fAAA A5 ¥
Agolet HEE A (2400904 B9 WES FAAFE Fdsttn B 5
ATHp = Pty = p1,). BEA A (24001 4 (2398 oiiahd T 2ol
dehd 5 el

=— (2.41)

AR A v Al M= Tl o3 JFE o strm HA

9} mEgo] ZF= 4:(Froude number)E U X A]AHoF 3t} uwlefa] the 52 o]

2 2
O _ | Yn (2.42)
b,g, by

ATl M e Y ThEEs dAsttar 7Hgstal(g, =g,) A (242)°l A
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r_ (2.43)

SAT 4 (24DSH 24D FAO WEaE ASE wdw 449 S
% ol uzk AN wWiolth mekd Fx maL As] GAAE ol
2Eg ddsiol @k B ATolA A% Nd AP YT FHe ng A

of AAH B 5EE] GFo] WA % £2FW AFe] MAE FFL

L, 1
N=-C A=A, =1
LY N (2.44)
A = AN =N

g5 FA (&)
74 o] (Wing span) 11.37(m)
370 H A (Wing area) 13.97(m?)
H & FMTOW) 1,633(kg)
] 8} % (Wing loading) 116.89(kg/m?)

il
o
=

fr
rol
n)
)

& mde ggol

Ay

JERESDEENFEROE

N =1137/1.6 =7.106250°]t}. o5 2]  (244)°l datd A, =0.14072,
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A, =358.85702&

des F Utk

of H4uE olg3tel Fx wdel F
Abahe 455kgolth ok Ei ARG AME olgdte] FaA md AMGE
Aol r}.
¥ 19 &2 wnd A}k

N FF7) ERNE
3=
T (E9) T (2H)
374 o] (Wing span) 11.37(m) 1.6(m)
I/ H A (Wing area) 13.97(m?) 0.2766(m?)
2 % Z(MTOW) 1,633(kg) 455(kg)
o) ¥ 5% (Wing
116.89(kg/m?) 16.45(kg/m>)
loading)
Webd] 199 FAES AR BH S fAHUA 2F &

4 Bug 5 e Aolg Budc

(vp) ol A" A A2

p
N
N

o

il

ko]l 17 130+

Throttle
- Valve

X|XICH

Servo Motor

A

S——

|

Micro- Real-time
QIZEI A} autobox monitoring
Vibration
sensor
2% 130 A7 bARIE Al 2" A =
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peglols 7

3|

tg o) 2ol

5]

7loll Y= A%

N

ol
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A A7 maAe BUs B Al AE 0SAhe] FF-320 A& A
& d7ow dAsAon 1 A%e ¥ 209 2o Ade] TES FAAE 2
2 $ Fejag FAslor s ol 1y 1320 EhSith
ofsl7] 93l theat e AW AL PANAG A=
5 ZtEE A RPME WSzl 8 Ageiolni o2 Aoy 94

i)

R oz ARG Sk ARz ube] Aolol] el HA(A)E Aot MEEHE At
239, 2 Apoa Alge MRREE 9 Ale T 21d UeEhdoen ¥

133 2ol PWME A4stel 94 Aol Fastart. S wn: 23 A2
dde] dAme 9d ALE e BaF asold Fao Anst vLYmew

FAHel gor FeAult TUFIAR)E AES Us Mng zaagt 4

g = FF-320 3
w 7] 2 1326ccx4
Ady W73 277 mm
DE T o 220 mm
o RPM 8500
ntE @& ) RPM 4.1 HP
A 2.19 kg
g4 4
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Ay A
it

138 133 2R E

21 ARRE AR

Aol 2 e ARRE 2 PWM A4 A

g & MP70A 3|
Torque 9.6 kg * cm
Speed 0.15 sec / 60° (at 4.8 V)
Dimension 35.5%x19%x39 mm
Weight 55 g
Wire Length 300 mm
Normal-rated Voltage 48 V
AEs S48H7] 93 AA= A9, 27, 7HEeA e 2ol 34 2%
of wheh thpe ER/E EASAR B Aol el NS welstol
FEEAE AFESEATE olWl 7FEE A= ANALOG DEVICES ARe]l ADXL203
e ER R

22 7V A ALY

g =

ADXL203 =X

Sensor Type

Dual-Axis Accelerometer (270, 7§ 2ch)

Sensing Range

1.7 g

Sensitivity

1000 mV/g

Output Range

0 ~ 5V (5V excitation *])

Frequency Range

0.5 7 2500 Hz (400us ©]7)
Temperature Range =40 T 125C
Voltage - Supply 3V 7 6V
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ADXL203¢] #Ht Bandwidthi= 25KHz o]th. & 2 & gloja] Ao &
% H97F 6000RPM W i, I F3= 200Hz ©]th. webA BandwidthE
A5t C(Capacitor) 9] 32 05nF o2 Ao ofo]l Ao o] Al
] Bandwidth® 1KHzE 2zt

Foan = 5 Bk < O)

A= ZIAA s - v s dae] SAe 2t ZAxEe] Fryel gt A
ARV ISO 10816-19) gFAC d7pste] 17 1343} 3ho] 90k FA o= 7p7h A
skt ol SV AES A E rA] el B AFoAE
Al Aol FAE Sl obel el AAE 19, SiEEel dAE AME 29

RER

19 134 ADXL203 AlAeF ISO 10816-1° w2+ AlA XA

Vg

Lel

sT[1 [T 1 Xout
DNC |z rﬁ (5] Your
comfz] ¥ [5]one
]
DNC

a9 135 ADXL203 # T4
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3 23 ADXL203 ¥ 7]

-

o

¥ W3 Mnemonic 7l &

1 ST Self Test

2 DNC Do Not Connect
3 COM Common

4 DNC Do Not Connect
5 DNC Do Not Connect
6 Your Y Channel Output
7 Xovr X Channel Output
8 Vg 3Vto6V

oj¢} &L T4 o] KC-1009]

ofe) 13} e Hglo] A olof & Holh

ol %l ¢

1o

ContinentalAt¢] 10-5500] A& ¥ thH

1% 136 Continental 10-550 A4 %

9 Al B2

B FoAE Al gxE Als WSty AN uZHE dugs e
S 98 29 1378 2 dSPACE AF9] MicroAutoboxE  AF-&3sFith
MicroAutobox+= YHEARQI Ao &agls & 9 HAAZF RUEHY A2 A&

93 9k o] Awle] b 2 54 Simulink® FAH L Fol dlake] <

A NFRAe AFHHE Holk,
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e

MicrofutoBox

(MicroAutobox)

L

19 137 RCP 4]

o]

Eglo] TARE ofy) 1g3 Pk

3L

gk

=X

|

N

ol

Ny
B
.

!

il

i)

MATLAB Functiont

Embedded

SZE O FAE

(wh) =54 Ald AA Az

el

-100¢] F&

43+ KC

S|
=

Aol e =
- 155 -
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¥ 24 U 3F71(KC-100) AFF 2 A
LxHxS 8.10x2.81x11.37(m)
Wing Area 13.97m*(150.393ft?)
Wing A/R 9.321

Wing Airfoil

Root : NASA LS(1)0417-MOD

Tip @ NASA LS(1)0413-MOD

HT/VT Airfoil

NACA 0012

Landing Gear

Fixed type/leaf

Engine

TCM TSIOF-550K(315hp)

MTOW

1,633kg(3,6001bs)

j

o 4.25m
(167.23”)

/ o

,  11.37m(447.60”)
, Wing Span

8.10m(318.72”)

| 281m
110.58”)

~N"0.64m

[ e 7 -1 S O

19 139 KC-1009] =8 34 2 54
olglgt =2 ES ol &5te] T AAAHES WESE £4 2do F2 $7
=l
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¥ 95 4 v A
g3 &3 7] 2 2d
35 . .
TR (FH) T2 (Z9])
Y74 o] (Wing span) 11.37(m) 1.6(m)
I 7)A % (Wing area) 13.97(m?) 0.2766(m?)
H 5 FMTOW) 1,633(kg) 4.55(kg)
73 3t (Empty .
1,017(kg, 4 A]) 2.83(kg)
weight)
o] ¥ slF(Wing
116.89(kg/m?) 16.45(kg/m?)
loading)

ojdf AstsFE> W FETIe FARE ASE 7L = Cessna
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G378 A 9

4
o

HK-A50S-12T(KV500)

APC 14X7E A58 Prop

TY1 63mm Spinner (White)

Hawk 120A HV ESC (Air/Heli)

Hawk ESC programming Wizard

Aurora 9 + Optima 7 (7ch, T/R Set) - 2.4GHz

Optima 9 Receiver (2.4GHz/9ch)

ALPHA Regulator standard edition

FX-C35(7.4V,2,800mA,251P,35C+, Blucore)

DS510M Digital Servo

EEAEE FZE Mount (MY A 58 /5Pcs—6)

FH/E2E 354 30“(L762,ID3)-Dubro

PT-B5200N-Evo35(22.2V,651P,35C+)

Aluminum Landing Gear Winds 50E (Black)

Wheel Pants Winds 50E (White)

44mm(1.75") Air Wheel, Nylon Hub

Tail Wheel Assemblies 6071209 <% 7]-&

Team Primus Tire Set(E}¢]o]+Axle Shaft+=&})

(r
i)
o,

i3
= o

stk (F o] A A 3HLE00mm xW300mm H3mm

3mm &% ¢AF AIE 13 8 (plywood spacers-8)

WALZ A 5T (5x5mm)

HAFEA 95T (9.5mm)

HAREA 15T (1.5mm)

HARAA] 3T (3.0mm)

F}E-v}o] = (A}2}) (10x10x1,000mm)

F}HE 1} o] 2 (OD7.9mm/ID5.8mm,1.3T,1.1219mm)

7+ 3} o] Z (OD6.5mm/ID3.95mm,1.3T,1.1219mm)

ZhEE2E (D25x L1000) - SCR-D25

7HEE2E=(D3.0 x L1000) -~-SCR-D30

& 7]& 7} Horn B-Type(2EA)

ZIEEE I E 0.5T(250 x 500)

ZHEE#E I E 1.5T(250 x 500)

Carbon Batten (0.6mm x 5.0mm x L1000mm)

FRP A&

Pacer Z-Poxy 5min. 8oz. 5% °ll ¥ 4]

Cabon Cloth(194g/sq.m,1,270x914mm,Plain)

Fiberglass Cloth - #108 2m

Fiberglass Cloth - #612 2m

A5 EFAEx F4] D100, 1000g

A58 o FA R 434l HO60, 600g

o Z A7 % 2 A 118ml(W M) -CST/A501-8

FRP {4 %8 &7 - 70mm ZHEY

e e e e e e e e e BN N N N N Y L s A e T e Y I D N R T S T E S TRt e e T P s e g g FOR)
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27 4 BRd 3 55(2/2)

TH 5

4
o

M3 Extender Set(470%)) - RAM/CA123M3
2 7] ] M3 Metal Clevis Set(47]1¢!) - RAM/CA123M3
M3 Center Hole Ball Joint A E(471%))

150A DEV Connector(2P) for Lipoly & ESC
719 150A DEV Connector(3P) for Motor & ESC
g8 2EZ Connector(d 3, & 2)

Oracover DRY - White
Oracover DRY - Violet

Y Servo Extension Cord, Heavy Duty,150mm JR
Servo Extension Cord,Heavy Duty,600mm JR

FEE & | HD AL Control Horn Set, H25mm (270 )

3] A Large Nylon Pin Hinges Set (207} %)

AM=w o] #400 ()
MEg ol | M= ola #220 (H)
AM=w o]y #120 (H)

Hobbico Hobbylite White Filler S8oz. (™ 4%)
2 2} A LOCTITE 401 & =#(50g)
YA G Al Blue GEL(5g)

M6xL.50 Wingbolt + T NutSet(271 %)
LEE HE | §Z4WAEE M3xL20(1270 %))
A2 ZHE M3 (1271Y)

2AFH 2 | 23702~ M2xL8(1070Y)) vy uA &

e} Y2 tw A A4S 10x10mm478 )
Velcro Strap Back to Back 24"

WIN OO O | DN (NN NNOT R W DN IO

2FW 29

of Sl wEbA oje} B AFFAE AAE7] YT 2TH o= 91X
o @ Ao FE 7 AAS AAEF ANAZ AAs ol s} o] ste] H
AT E 2FTH FAod dg 1f AsFet T So| Aol WS H3
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A(0,0,0), B(2,0.2,0), C(2.3,0.2,0), D(1.9,0.45,0), E(1,0.25,0)
E = 38e3 psi

v =203

p = 1.033e-3 slugs/in3

ANSYS

FEB 24 2011
MAT  NUM 20:40:59

ELEMENTS

Modal analysis of airfoil

a9 145 2FW Y FRes vy

ol 1% 5] s B D Age] F w2l A zEwe] Fule]

¢} dAxo] dow Il agEo] Utk
P
T

B AgelAE Ao WMol ga) AuE (2de] yH)e] wew e
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@) ol 2o e 2FW Zwe] Wist AAs o] Jomw ALY
dUA 0% Byt

2=~ 0] q_
T AR
E ANSYS
DISPLACEMENT
FEB 24 2011
STEP=1 20:18:34
SUB =1
FREQ=.196E-03
DMX =117.932
Modal analysis of airfoil
DISPLACEMENT
FEB 24 2011
STEP=1 19:43:12
SUB =2

FRE(Q=40.236
DMY =39.538

Modal analysis of airfoil

TRE B We(1/3)

of\

a9 146 =FH FA 3
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DISPLACEMENT

STEP=1
SUB =3
FREQ=5Z.505
DMX =186.676

Modal analysis of airfoil

FEB 24 2011

ANSYS

20:19:07

1 ANSYS
DISPLACEMENT )
FEE 24 2011
STEP=1 20:19:25
SUB =4

FREQ=106.28
DMz =158.127

Modal analysis of airfoil
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oA71A dij = iHA BE=dA BAHe e AR A% juA A4 9
ool WMoty HAAZ AAZE = Aol FEodvta Jhshd A4 E

dolge thgel wez w3 & vk

Aot F4 22 F4F B E (estimate error covariance matrix)> T3 2
il
X=Ellqg—qlg— 9]
— [DTR* ID]* 1

714 ¢ qo FAA, Ex 71U, 283 RE 2&9 A gFolr) o]y

oS3 o] A AKX A (Fisher information matrix) QS A& &+ Y}
Q =DTR'D
= FHYslele= AL XE FHasle A JH Aoz g - F
¢S T F Atk g AME QE HUEEs A Ho AAsfor sl Q=

e 2ol Al e 5 gt

Q =DTR'D
— (DTRf 1/2)(37 1/2D)
=D'D

o714 D =R V2DE Lol maH 93 Aro|t) olu £& wrb AlA

I\
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Q=DTD

A A Ao s QE Hulgstes WHE oA A7 S 7 9l
Ak gRE Aske]l HoE ¢ Qo 3H2A] (determinant) | Q& o]&3t}
A7 BE FAAERG O AR 9 sbg 2 g8 A=

=
=
Aol & A vk M AE FAAE AT VIES F=sh] fel ofde 2
&

o

E =D DD 'DT

olw] EQ tracex= E9| ranke} 7] wiFo E9 iHA diagonal term= i*H )|
Ax e o] Ay my¥Ady} AdAH v =gk EC iHA| diagonal term

test 2ol [QIF el 7@ & 9

_ |Q|_|Qn|
B ="ar

o714 QTie AA $1x AHA (HAE 2hAste] thA] gk 34 AR
FHS vebdt g Zald EDivs iHmA A7 APAE Aol TAE e
Q19 Wet&s vepith aejmz FoK F9] AA7F G wj7hA] wHEH o
= EDi9 HAHS zte AAE AU 7P 28420 A fAE 2
g Atk olul Q& "l Fnith A E AA X9 FE ol &8 AA
o 2 wHow HH AA JAE ARt WS FE 59 W (Effective
Independence method, Efl)o]2} 3}l & 53 Wyl das L3 o] 3t

e verd 5 gl
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Use FEM to Construct
Matrix D

Setj=S0

Fori=1toj, ‘Q‘—‘Qﬂ‘

Epi=

Calculate:
lo|

L

Find p such that  Ep, = min(Eb:)

y

| Remove Node p |

Update D with Reduced

Number of Sensors

WH S o83 AH
WA A AR 37
WA AFE Ao e ol gl T |Qlo Aizkel A%l wheh W
St ARE Bel AT & Atk 29 1502 5ol B |Qle Ad@e ve
Gtk olm AlAe] A BelA 4= wWalw |Qlel Hvigtel FABA sl
A2 2 4 Ak webd o] Adke AAY A% 5Y W A AHAL o
vtk 4T 9

Optimal number of accelerometers

Determinant of Q

10" i | i i

2 3 4 5 6

7

Number of accelerometers

O 150 7FEEA M) Wk hEk Q9

= o %k
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ANSYS

FEB 24 2011

ELEMENTS

22:05:58

MAT HNUM

Modal analysis of airfoil

A7 9

]

A

A A

S

19 151 5749 7}

© AlA
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~
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I L
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g 9

o] A+

ok A A5
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Accel ter 1 X-axis P5.0/ANO P3.11/RxDAO 20 TXD
coelerometer®  v.axis P5.1/ANT P3.10/TXDAO 19 RXD
XC167Cl SD-COM5-RTX
Microcontroller SD Card Module
Accelerometer 5 X-2XIs PS5.14/AN14
Y-axis P5.15/AN15
' >
y

HIA CIOIH Ol S &&

a9 152 AN F g4 3 HlolH olF

29 1533 22 Algld SD/MMC 7= 255 oy A =Z AA4eS
thoo] EL AWkl RS232CE AHEsta flonm thekdh who]a R L w A A

- 2GB &% olste] SD/MMC 7= Abg 7he, 9|2 E 8l Hlojy g dolH

- FE 29 HERX, TXOHA, 3V ®=E 5V #ie] RS323C,
48007115200 bps, No parity, 8bit Data, 1 stop bit

- &4 A ¥E = (bps): 4800, 9600, 19200, 38400, 57600, 115200

- SD-COM5 : 5V A&, 30mA(H7IEH), $171/227] &2 A SD/MMC
FPEAA] A F AR (SF 30mA) F7F

- RTICEQB2e) 43 1 %9 44 2 27 $4 A A3gn 7%

(] ?IL L T B
SD-COMIZIS| S (| (7.C0M i

19 153 SD-COM5-RTC
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3 28 SD-COMbS-RTC #9] 7|&

AN S o] & 7%
Hellol dadel=E 93 DOWNLOAD-E SERIAL
1 SOUT
OUTPUT
) SIN Hellol dadel=E 93 DOWNLOAD-E SERIAL
INPUT
3, 18 GND GROUND
Helol da#el= Al DOWNLOAD AH 38 &
RN
4 DNLD _
- DOWNLOAD & uw: LOW
- DOWNLOAD 3#] ¢S w: HIGH
15 RST RESET(10K A& 2 Z9)
16 VCC AYGBVE: 5.0V, 3VE: 3.3V)
SD 7t= & ZuHE vede =9
17 SDIN - SD 7t= 49l LOW
- SD 7}= A A: HIGH
5V(SD-COMS5) FE+= 3V(SD-COM3) ##e] RS232C 4l
19 RXD [
5V(SD-COM5) E+= 3V(SD-COM3) #H#e] RS232C 4l
20 TXD }
s 48 =94
Hellol dadlel=dl o3 71 7 ALE onl ¢
5~10 reserved _ .
=Y ZE
- T

a9 154 A F AA =
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3 31 Wi P AR

g 5 T 2 54
= 44 x 150 x 54mm
A 786g (SiliconWire, MPT Conn’ ¥73})
7= et 22.2V
ey 4.2+0.03V (71 Cell <)
Cut-Off # <t 2.8V
&3 5,200mAh
A AT Max 3C (15.6A/h) Coulomb
IR 14 35C (T182A/h) Coulomb
¥ 32 wE A
o = F2 2 54
45 Sport and Scale, 2.774.5Kg
Hj =4 1250W (15sec)
HAekdd 5-7V Li—poly
AL 7 40A
HANE & F 55A (15sec)
AFZE A& 6.0mm
FA 395g
23y 11x7 ~ 14x7
Au B8 Tsm i Anuee] AEEAE kg B35 o= F
woll mlsiA Aas] A AAHJG. ook 2 HAAY olf&= g &Y &
F AR A ZIAVE 2F BT dHE wE S diejE] RS ddeEoR o
£ F UA=EF G307 wEolh

¥ 33 AREE ALY

g 5 F2 2 54
A A B2 3.7kg.cm (4.8V), 4.6kg.cm (6.0V)
&5 0.13sec/60° (4.8V), 0.11sec/60° (6.0V)
AA DY DC 4.8-6V
LW -20°C™+60°C
7] 35 x 15 x 29.2mm
A 29g
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a4

Abal H]E (2010 Nall report 7]<7)

A=
[6)

h dE7] A% 7

(2009)

o
=

b 71e] 7171/7444] ApaL H|

2 17.2%

- Am e

@ A
ks
- 7

D 7.5% (172% x Nzl AFal 43.8%)

AbaL W] &

1=
[¢)
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0 1.6% (17.2% x ZZ&/%A ALl 9.4%)

5 A g

_ o:‘ﬂ Hol— 7]—

al
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g4

D 1.0% (10.3% x ZZ&/%A)

A Alm g
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- Ay s A
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40 60 80 100
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219 156 Nall Report: Non-Commercial Fixed-Wing Aircraft, Mechanical

All Accedents ('09)
All Accedents ('08)

M Fatal Accedents ('09)

M Fatal Accedents ('08)

Power Plant

Gear and Brakes

Fuel System

Airframe/Flight Controls

Electrical

Vacuum/Instruments

Accidents

(44) PCA 7]k

]
i

B

fred]
B

v
iz

T
0
_5_!
o

1o
~dl

o}

5ol

=2 =
= o

S $83}o] FFT (Fast Fourier Transform)

2]

olsh 2&

S

h 8

3t ANPSD (Averaged Normalized Power Spectral Density)E +
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Aol ol Qe 9
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el 7143
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4717

3}7]

oA Ze

[e)

|

s}
o}

- 174 -



Aol HE 3 & Holx AgHE= AAN JEFE S5E 7P S
ANPSD+= dubAd oz QS e Aeda] 7 o th$F= Fukgrof A
A= A5 (peak)S ZolA o] WIS #HE7] fJeiA] AFEEHW o] 9

At w3 o] FdEn. 5/ MARFE A2 piA F2H4 olit s

(222

NE aq k)i =1,---,5)° thsle] AA ANabR2 e ANEE RolA 7zt FFT

S T3t T dgoAle] &4 Ai(.fj)(,j:07"'7n_1)% T = Q) ol
PSD (Power Spectral Density) G(f,) & T3 o] AT 4 Atk
G;(fj) = AZ QCJ)A:()CJ) (31)

(f;)el H24 & <(complex conjugate)S ©W gttt ANPSD

A
X(f))&= PSDE ol g3ke] thgat o] 7% 4 itk

X(f)= - i(q(@)/ﬁ@(@)) (32)

A5 nxslel dolEE "o d9 nle Fu5 4 dolgHE &
ANPSDE t4 T2Eol 2= F74 S8 SAS e Aojuz 1d g

o oRE 2ol fANE TS5 APEA B25E sl AW Fu
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Sue Fis AES Foly] AdME dolHg aeHon AT + Adn
e Fol Bas odd olfE Qs ¥ LmFoME FHE B4

.

PCA: Foixl dold JHoz?E Fad dolgg =2at7] 943 Pol
w dlg wlolE Al tete] sy Rake] 2 ARE AAFS Tokel o]F of
$WTh PCAE A% HEMTS ol goh WolBR /Fo] Hi doly J@

of stel 0] ofbyw HitE ko] wjoRgtth mrie] ANPSD gt

=

X()g=Lom)ol A B 7 M) =13 ()8 W et e
1=1

Xl(fj):)(q(fj)—wj) (3.3)

Yo AP WBL Aol FuhA Y HE T e ol veha

'=x"p (3.4)

o ghmel akel 7 Batol AXE 2 Fakw old kel XE A Hol
Abgste] A& 5 Q) o]y HAHS wHESe] 3 I x gk TT:{TlT, ,TnT}
R

7= x7p (3.5)
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oWl P={P,-P} olv] Pt A Wgolmz plp=rz wEdol ),

webd (35914 thedt 2o AL FEd & At

xT= 77pT (3.6)

o] 52412 P& SVD (Singular Value Decomposition)ol| ¢]3s] 3 4 it}

rr
a2,

Ae welZEth XTol U@ SVD An b o] U & 9

—uny? (3.7)

AN Ut V= XTxsh xxTel| thg mg 1ot} olw PTP=1
Y= polojo} st} B otmeZo e 14
2 298 WHog Fydl7] 95t o HaloA FE ALEE 75

=7 WHe aAFe HIAME= ARgsAn 7lEetd 25 (Geometric

o
i)
o

i)
S
Ac)

=
=

Ll
rlj
AN
:(|)L_‘,
o
_—
ol
=25
al
tt

)
HN

rr
(o3
o

O
-
£

Classifier, GC) B2 v 79 HolHE3 7|83l 7 E Hus

G E 3 F57e] 7% woly t,(r=1.1¢=1-m)°l s}
THE dste dele dolE e dY &/ Ule] vlelHERe] AYE BT

G ghel dF ol el ERHE FAsE WM Agsar oY = o

dlo

i (trq_ttSt)Q (38)

ol dF BRUI AN d} bE e BHE WA wPge 9EH
A wests el $8F + Atk J1SSH B PEE olgdtel n 4E

S FPel7] YA E ZE AEE E3eE ANPSD 1 X (g=1,---,m)3 B
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f] (¢ —grer? (3.11)
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Sortie 15

==
T

k)

Sortie 14
0.0163
0.0178
0.0089
1870.2

4

J

=~

A
EERE

o~ 1
T
Sortie 13
0.0267
0.0190
0.0075
19775
=

=

w}

Sortie 12
0.0267
0.0236
0.0085
1815.2

Sortieol A1 2] f,, 2f,., 3f,, Engine speed %S 4

Sortie
11-2
0.0309
0.0338
0.0086
1728.3

Sortie 11-2%-E Sortie 187}A2] A& H] g do]E 2} Sortie 11-2

W 547559} PCAZF Ao

37 7} Sortie® 54 F
dlol & 7}

!,
2f,
37,

Engine
speed

hyA
ar

ol

o A o] o] e Ho] &

m
f

ol

7K
W
TH
~o

=

Ho
mmo

B

o

o]
%

PN
T

of A 7]ojd

VA A=

=]
T

er
£l

fIte)

o

=
_Mon_

of

Aol S&HAY AlUA 5aE o

ki3

Edojel o

3L

FgF A= &
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3. AAZRP X HHUMS) Al =512 DO-178B A~ZEg|o] HARIZE 3

AL EY 0] BARIZS =35 HUMS Z2 A A7} 57184 Z9(STC) A% =
Q3 dHo] AdFHAA T HAE 93 L FEHA AFS Y3 A4 5o

s AdEEe AEsts HES s AEE HAE FFska e &
£

7} DO-178B Z 2 A ~9} At&E
ZRA LS ZRAENAN oW Hxas 37| fa mEtol o=

e
(I
Lo

Aapgtar & 4l ZEA 2= ol s HAES S35 stol=Ekel e
E3EHA Hot

DO-178Boll Al Aoldt= ZRAAE A AZEY o] AF ZEAA AZEI 0]
Mk A, RxES] HF ZEA L VE gE LRAAE e ol 7

A svheh A Eojof @ AERES Aoehi gl

Testing
Design

Acceptance
Testing

Requirements

System
------------- Testing prrrrrrreee -y,
Design

Integration
EStRg = >
Design

Unit
Testing
Design

Architecture

Integration
Design

Testing

Unit
Testing

18 220 V-model
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EEZERSERS

¥ 38 AXEO A

Planning
process

Integral process

Certification
Liason process

Sial'lldmh
enviranment Developrrle nt

process

Requirements,
design, code

Verification pracess

Euntlgqraﬂgn‘ Testi
‘Management

process:

a9 221 DO-178B ZE2 A~ F+%

e90] AY ZaAse A

U AZEY] AY ZEAA

¥ QFAIES v|Wlow ZZAEES A F s}
oA o] o},
L2 M

AT EY S AF Z2AH2

Beobeobobobr
O O A
fmomfmfm(m

it

0,

o,

BB b
ERERE
[t Lm [t

do
2

o o o do
2 2 2 9

W ooft W X

ol

ol
ol

AZE ] AT ALA

(Plan for software aspects of certification: PSAC)
Lz ES O N A8 A

(Software development plan: SDP)
LEZES O HF AA

(Software verification plan: SVP)
LEZES o] FAaE AEA

(Software configuration management plan: SCMP)
LEZESo] FHEF AFA

(Software quality assurance plan: SQAP)
A2~ @ FALEH(System requirements)
LZES O] &AL EEA

(Software requirements standard: SRS)
sz AA =AM

(Software design standard: SDS)
22X EY Y Y FFA

(Software code standard: SCS)
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(1) A"l @ FAF&H(System requirements)

Azge] aagelt BA4, AACIEIA Bo FAE P& fud He &

ZEJOE 7hed L8 fl=s WEs] xds= Ao FoRY Fasith o]
s wd WA Eel #Fg¥x 9tk 53] ol UML(Unified Modeling

Language)S Wo| Ab&3Fa gt}

DO-178BI A AZESfe] 29 EEe +h8T o]E F5ate] A Zza

20
1=

o

28t &S st=E stal Ytk 53 MISRA-C @ 2004 Guidelines for
the use of the C language in critical systems & A5 A9 2 #=% Fd A =*
A AzEO dAYelE kel U EQl MISRA(The Motor Industry
Software Reliability Association )oll 4] ¢FA3ta A=A A= AZEYE Ay
= Alzgl g AE, AALE, AEe] =S AlFsty] fe ve 29 %
A Hol axe] Aol a4 e R, FEee FoF A Badal
t}.

MISRACNIA = 7HdatEe] A At 183 w395 &3t 93

Atelee el B oA, Bestal olek Bd Sle S Edsha

32

AZEL] T Z2AL

s AT E o] QAL HolH
do] QA B2 T A (Software requirements data, SRD)

[k

rZE 4

AT E O] HA Ez A s AZEQ Y A TEA
AZES S IY(FE) TEANA (Software design description, SDD)
AXEGC] T ZEA T aislE

M ZRAAAE ¢33 Y FE7]E AA(design), FW(coding), 3
(integration) ¥ 22 5oz o]Fojx it AA WA= 7|ZEAALL AFAA,
FAAYG AFTAA e A=A A Y o7 g dAet BE AAR Yo
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2712 Foh Z2AAE AFgsE DO-178Bol M= M Z2As F3S e

© o7k Rt ojEA FaREA AWe Ars @ 4 9AE 98 AoE A
St TN AE VA= AoE EAH WHES AY dAdA Midrsez AHost
I, I tFee ZEAMAE A AY A5 FA olE wet s Z2AA
g saat
gt AXZEdo] HF T2 A~
3E 40 AZEYO HTE ZEAL
LEESO] HE ZEAX
+ 2ZE ] AIF HXpA
(Software verification cases and procedures,
s QAN A, ZE gid AR SVCP)
A8 onAES fd AE - hZEY AY ARA
s FE AR B4 (Software verification results, SVR)
s A E O] HREWY/EF/ALY/ | - BE QA A, 2= g HE A3
Q1% BH2E) - RE AW enAEd g@ Ag A%
- s AveA 24 A
- A% KA

7}7k9] Testing @18 & A2 Sysojglom, HiE duviet Az kol
Basty, Y5 FA duHon vEn, Agte HAE W FHL 9

=g oA A gwct

=

(1) 44 Testing?} 54 Testing
ArEge] F3toA LEh= Testinge YW o2 AZ4sh= Testing® 71 3
= 28 I 27)d i F31 AEES g R (Review)stal 1223 A (Inspection)
A dYnert dyE=A 9

o Fof welr AA Testing?} 54 Testing 2
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¥ 41 A A Testing?} &4 Testing 4]l

L& A 4 Testing (Static Testing) = A Testing (Dynamic Testing)
@l el wRE AN ST o 4y ganAnen azedon 94
%ol e, A, s el 7HH% e iz FshEA 9 oFE Testing st W,
° A& 5 (Work Produ- cts)S A3 glo e
BEAee A
I Review) Bauts HiE - ALY HZE A4 daE
HAE | = <l 43 H(Inspection) SolEus HAE - 99 HAE ¥ HiE
W | 93 2% (Walk through) A f e
5 7 E(Peer Review)

(2) A< (Validation)®} &<l (Verification)
rx e 7|9 #Hste] F2 e 5% Validation¥} Verification
(V&V)ZE Yim 4 9t} Validation €52 ‘SHIE AFS e =719 #4
o i

ol Hsl= &Folal, Verification &&2 A+

A A 2 54L

filo

guizd RER 9lEse

)

i
A5
=
)

ohe}

=5

o 2o},
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¥ 42 Validation¥} Verification

5 Verification(# % Validation(&91)
MEEAY itEEe] 1 WA x7)9
m SrE O Zz 3= n= 3}
AAE 27 utEa=x Bz A4a) JAlE QA E S WESheA AR E 9
el S DA s AReA Tou F3ke] P LY
R R R T F L BN )
ERA A T e e
Q1 7ol o3k
7-1011\]_‘:1: Eeit$g74 E%ﬂﬂ] 73%13 7]?_]: TeSting
Lo mEe T e AAH O LTES S U3
2] A o) A E A
e Choluel g B =34
g +A A
_ T ]
~3 Al2o = o3} =
29 el el A A RS AL A 7 5
internal process
S S Er &t @l Testing
v e o - &9 Testing® E & Testing
1. 7185 - M F719] 54 dAeA
s AN A 3L A A
xﬂ 4% 3:1-:1]?0] - O]Ziﬂz‘?_’rﬁloﬂbi 2 A$1 e Testing
Lo | BT AASEE o= AR SFA=AE | A8 Testi
ST AAE= 97 s lesting
2. 82 AF 9 Favh qrAd g = .
e . _ | 71"sTesting
A4 HAEAE FEHoR dFEA F A28 Testing
e A4 - 914 Testing

Statement Coverage

C | D

High Level requirement Coverage

7 202 W) whe Al B4
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g zmedo] AF Fol gl <A AUS fA7 T Asoln

Iz
Aedq Zzadel st oe X e waE FaA ool Zzay
o] mrE- Aol WM3lE #Asly] YA E TR sk AH ARE w=A] FX
dlof st} T o] JRE o] &3t HAHe T2 ' HAEEAY] B &%
Alz="l AlI71E AAT 5 A €k
a2 )
f3 o TR
=
crelElia E o) A
HI‘E Z4 Sk
( Eﬂ»fgfu] )
p e )
._l--I%EilE__ |\‘ alamy ) L
oy 223 F4#E T
343 AZE o] PFdHE ZEAL
SZE O FgHT Z2A
» X ESo] g ARl e » RXES o] g ARl
s AZE O AW 37 g e (Software configuration index, SCI)
- xzEd] Y4 doly . aZEdo] 4YEY] 874 B4 A
Az N 3174 (Software life cycle environment configuration
71eF i 3 A(dE B AlE 2 E4 | index, SECI)
=) - REZES A V5
AZEY B = (Software configuration management Record,
RE AHEA ATEYo B =9 o SCMR)
(1) 244 (Traceability) &7
AELE Y FHF7] 7 Z2AHAE AAEE 52 AW E(forward)d S WEk
(backward) %W3Fo g FHo] 7l5etwes FH o] 7lsajol sl AwdF F2 &
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MR AEBELY ATAGA FHS T £ U A4S udt dunoe
2 AT FAe LTAZE VEAES /98 ¥ 2ae adolw, YF F

Requirements

> . High-leveIHDesign

=

V== 2 1 .| Low-level Design

=== Source Code

= 4 Test Procedures

{ -y .| Test Results

FQ BF TEAsE M Z2AE Qv 24 DO-178Be] AY 80|

st A E(review)9} ZAHaudit)7} o] Fo1 A, FAAY

PR
DERe°] 15< st7] 913 283 HolHE Agste &S T

K
=
[P
[
[m
—_(_‘94,
2
o
i)
s
ol\
15
S
I

AZE O] FF BHE T2

LEZESO ¥4 BEF U5
_ (Software quality assurance records, SQAR)
sEgo] B4 BE /% vare Ay
LZES AP HE
TEJ ] 434 HE . .
(Software conformity review, SCR)
Edo] /it A gof
azEd o] ARAH 8 okA

(Software accomplishment summary, SAS)

BB b
R

i)
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DA ARG A" AT AAs & 49A Y AFETE GAS P E
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=

“l < BPRU 24 }
| EETA B
PN eAT) o ADCIFARY U AHE/gUst 2AT BY
AT A2 THE B2 HBRE EF
2EE37|8 AWAY N2g o U - AHE A% rRAWEjo|E Mk,
FAR PART 233 A XA SHE AE 7Y ;:t éﬁ?ﬂ némef =
< HEE eIt Mg &

S A T8RN

‘2o XA TE 45ME

HARAN .
FAR PART 232 | 223 73 DO-160E AlZl
CHAREM RS | B8 ATY MY | HUMS 2ETT 4T A ITH MY | FlaAE

NBERM g
ABEIA
BEEER)

FlEAE
7|2 AlZ

7
TAE NEES A

AEEAR 8
HIgA, HE/EN

X T YME CE dsAgzEasg
AsAlEAms 2y e

g:ms A E AE
2= BE ZA PTF BMNE =2
7 w587 B2ANBELA
BAATALN BE

a7E ¥4 s

’ BRuqFEEaNscs | elies
gaeiE e o e — Hu B RsAlEATA R Rtz
4 XATHE 0139 Ho|s 2 i N =
NgMy | ZgBuE o8e Ho =57 3 XA 2ot |

N\
e
N
ro
X
ot
e
-
=2
>,
rr
>,
juieil
oL
Ao
k1
o
5
>,
oot
e
2,
[o
&
i
ot
v
I
L)
R
>,
ekt

- 221 -



o
o|N
ol
O
rlr
e
)
o)
o
l

2o Fotol ANAGE BEekn 4 gl AF A
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2
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Au)
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o
4
091:2
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o
iin
&
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2
e
A,
N
it}
Au)

T T - = - O
AT 4Rl bR N E ASAE 23, 348 A3 1dn &8
S S = 3| = = ¥ 5 Z u o) =
Algdell tigk dxtE AEst] e W "HUE @4 WS g &8 Al 87t
- - -
s Aarr WddEn.
= Digital Power CHu gy
- Input : +28Vitavol 4 COIHF Y - 45y
Power =OUIPLES =1V, oV PZT « |} H=F : 250KSPS(Sample Per Sec)
Module - Analog Power Module . %{5}_
- Input ; +28V(+4V0| 4 - YT HZ Driver IC ALS
- Output : +28, 15V, +10V, +5V - HEAE 4F ks
J
T = A a7y T e |
= IEA® A : +5v, +15V < QXS - 15V
= &|Cf HE= ; 250K5PS(Sample Per Sec) « & HEE ; 250KSPS(Sample Per Sec)
Act;‘ele::dmetm .=3 P IFI:‘) {f:ﬂuge .23 P
ocue -2 A LPF B ecte -2 Aid LPF B
- A5t 2EF5lE HE - ST 225 HE
ﬁ « K= - g7y T « djg2 - a7y
« SlEEE +5V, +10V = OIWA : +5V, +28V
Strain Gauge | ~ 201 A5 E - 250KsPS(sample Per Seq) Proscine - i =& : 250KSPs(Sample Per Sec)
S + 53
Module I A LoF mE Module T A P NS
- AZT wEE HE - AST wEE HE

19 226 c-HUMS EE9 J=4 4%

AP 2H R TS ohdls gom, HUMSS HW 43S A%

DO-160F 7% #73A8S FAshdrh. MEEFL L FoE wgA =0l

(¢

o shol g=iked 7l

B e gle,

b
>~
o
S
Og{:",
rlo
oL
M1
g
e
N
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>,
n (
(o,
o,
N

©
4
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NE 23N

3t & =3 O] =X
BN 38 2N 123ud cu g o 2xan
:

MNE2M1 - NERM2
OIS, 7| A RS, M| 5 SHXPT S 3 M S A 3

=117 4l B AlE a8

T @I AMB T8

O 221 AN =4 2 A

4D FHE2 DO-160FolA o] Faelol ejAste] A" 14F9

b7 7S Ao, AR Al 5 gaides A1 EH HE 3 A

NE #1 NEE #2
Temperature and Altitude |KTL/ 201110 Power Input | KTL/ 201201
Tempemmlre-variaﬁon | KTL/ 207111 Audioﬁeg,_CoudeédSpsﬁppﬁbilﬁy | KTL/ 201202
Hurnlidily |KTL/ 201111 Emission uf'milio-mq. Energy | K7L/ 201202
Shoc | KTt/ 2011.12 Radio Freq. Susceptibility | ADD/ 2012
KTL/2g11.12 Induced signalr_s_nmpﬁ_bimy | ADD/ 2072~
Waterproofness | kTL/ 201201 Vo'lth Spike | ADD/ 2012
Salt flpray | KTL/ 201205 Mﬂgne‘lii:[ffect- | KTL/ 201205

KIL/2012.05

19 228 ¢c-HUMS &4 413 &5 9 44

Ald E1] AE(TRR)S F338te] @4 AF(DO-160F) R A& A1d -3
AYS HESAT 483 4rl(c-HUMS) 2xA A9} 3221 A o] A &

e &4 AE F5E B F3ste] Are @4 =3el o

ui
n
+

o
o
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o EET - AEas
NEDETEES (Pass/Fail/op=) i (Pass/Fail/0)

Temperature and Altitude Magnetic Effect
254k A" Fass Xp7paet A Pass
RTCA DO-160F Sec 4 RTCA DO-160F Sec 15
Temperature Variation Power Input
==HE AME Pass HEEF M Pass
RTCA DO-160F Sec 5 RTCA DO-160F Sec 16
Humidity Voltage Spike
sE A Pass HYLMOIT A Pass

RTCA DO-160F Sec 17
Audio Frequency Conducted Susceptibility

RATCA DO-160F Sec 6
Operational Shocks and Crash Safety

ce SR =T AME Pass 2He TN H e Siga M Pass
RTCA DO-160F Sec 16
Induced Signal Susceptibility

RTCA DO-160F Sec 7
Vibration
Pass FEH= I AjE Pass

RTCA B O-160F Sec 8 RTCA DO-160F Sec 19

Waterproofness Radio Frequency Susceptibility (Radiated and C
Bfae Al Pazs onducted) e
RTCA DO-160F Sec 10 2}C|© FEa DIZRE (MEALHE) A
salt Spray RTCA DO-160F Sec 20
e Pass Emission of Radio Frequency Energy
RTCA DO-160F Sac 14 S}C] @ =mp OLYX] 8E Al Pass

RTCA DO-160F Sec 21
Electrostatic Discharge

il e R Pass
RTCA DO-160F Sec 25

a9 229 374 A1¥(DO-160F) 43 WY

ot E&AE T
A ek o 2 Test-bed & ¥ 7](Jabiru-UL)ol ®Aste] duegls A 2 A
Z2AA F HAAFE FAsA F 4l AR v AFES Ao
o, 1dAE ANEE 2 52448, 2dAE doly fa4d #x, 3dAE 71+
doly 25, 4d7= doly FAARS T on, T 74 Sorties T3t

of B2 Azt Hg dolHE R F 74 Sorties Tk 1004]7H2

I

g7 +& dolHE Fustdid, o= $¥7 A g Folo A
ARrezA, AF/E A wstels APl dolHE Husts] 9shel

HMES
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A A= 9] Test-bed &7 7= Al Jabiru Abell Wisto] AlA vy

) AEE AgshEA AA B H el AoleS AF &e 7] Hole' 7he A

a

2 gl Aol W ARS Qu AP A guE 2 A FE)e o

AR BAZL glvks ARA Fu) FEH SANE Yo

i Z BORT\)\

Y R ——a

AN LT 000 910077
Jakira Adreraft Pry Led n {07T) 4165 1778
PO Baz £792 Faz: (07) 4155 2669
Bundabery West QLD 46780 Orverssas = 61 7415 1778
Asseralia Email imfacs jabirusetam

jabarwmt
23 Apri 2012 2Fda7] AAHNTA
Letter of Confirmation 124 Rt KL - o
LE 2 Al ¢ 8 ILCOoRT
Jabiry Aircraft Py, Lid. confirms. that the following modifications, reganding the

HUMS project, that was dere on Jabing UL-D, secording 1o the request from Danam 4 .| JABRU AR S Itz T
Systems Inc., do nol affect the arcralt s normal operation L4 4 W 3 20m-UL-L

- Atachment of sensors (FBG, PZT, Strain Gauge) in the wing

- Aftachment of sensors on the control surfaces

= Atschment of sensors{Acosleration) on the surface of the engine ) 2

of 1 landing gear 3

= Puitting wiring cables for the sanscrs in the wing
- Drilling holes on the huselage for cable connection
- tnstalisticn of HUMS Fight Data Processing Unit Sk

= Dther mingr modifications thal e Ested in B aircrafl manuals

For addtional informaton, please contact Jabin Akrcraft Pry., Lid

WA olAbg|a
Signatum ,}_-5,».-. ) Al

Name. Sonya Holden
Positior: Office Manager
Jabiry Aircralt Pty Lid

Austritia’s Own - Light Sport Afrcraft

% 232 v BE S AR

HoARE el FF0b wW bsd FHA Fedsis Wei

Balance® 338t i, Ax7t vlolde Aejel Al 7] 543 CG o
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Weight And Balance Calculation

Datum Leading Edge
1403mm

L Empty Weight
¢18mn] 1820mm {including HUMS equipments)
g + — A: 52kg, B: 277kg

CG at Empty Weight:
(51*718+277*1820)/(51+277)=1649

CG with 1 pilot and fuel 40kg:
(51*718+277*1820+75*1700+40%1854)/
(51+277+74+40)=1676

CENTRE OF GRAVITY LIMITATIONS

1600-mm afl of datum up to & including 393 kg
Forward Limit: 1670-mm aft of datum @ 450 kg.
& - - Vanation is llnear betwesn 393 & 450 kg
Weigth and Balance Envelope ATEESE T685-mm afl of Galurm at al Welghis
U L_D Aircraft rs : 1403-mm forward of RLE of Mainplane
480
460
440
4X0

Aircraft Weight (kg)
g

204

300

280

260 -

240 1

M =Ss=sssssssss : :: S S

1590 1600 1610 1620 1630, 1640 1650 1660 1670 1680 1680
Cg Location 't mm aft of the aircraft datum) ‘I
CG at Take Off Weight

13 233 Test-bed®] Weight and Balance 43 2 ¥}
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fowes @2n= | % - 15 Tesst
SHjgy "SEET " 2 . Loy Test
(23], 2AIST)

SN HAD

T L} A —

A Z21] (Interrogator) &F 3 7] A ARE 5317 93 AAA(AHRS) 181

c-HUMS 22FAI A1 o] &3to] &8A1de st &8 AdES F 74 Sorties

st on, A " Aadd mE vy Ade Fdskal, Hld ¥ Flight
Test CardE st &8 A1d Al &8 &4 9 Ald JEE AT 5+ A=EF

& At
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HUMSE 7Witslr] 13k dxyojd 7|HS 53 o4 % AY, 71244 2 4

AAAZE g Eo] thE i 22 AlAFo] AFEE S

olxgl F289l -HUMSE % 3%Foz AFHoH elxep 723 93 s
Fow AALAY. webd F83t 9% Pl c-HUMSe H& A= Qo] ot
sty A= 7Med A4 won I3 PIPSE GSES E3te] AS Aldo ok
AAo] VesteE HAAHULE o= Test-bed ©]€12] T& o]ie] g 7)o th3h

HEE H5d Aow Beel AZe TEHES A% BN PEAL HED A%

o2 PIP= AAZF SHART Al=8"o] v FJHE dela dags 234E =4
3} slar DAPUS g A Aol 753 SW7F g5 A} 3 c-HUMSZHE d
olg] ¥Eo] 7153dte] i-HUMS 9o c-HUMS9E d%dle] §8&0] 753 es

(1) i-HUMS(Infra HUMS)
i-HUMS(Infra HUMS)E RFPel ®WA]Ho] 9l DAPU(Data Acquisition
Process Unit)¥} PIP(Pilot Interface Panel), 12]32 CQAR(Card Quick Access
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Recorder) 2 T4 %™, DAPUE Hlolg 35 2 A, PIPE= DAPUS #lo] ==
T3 1213 CQARS W@ 7] o] AFE o]lsa wrg7t=s X474 41 (GSE)

o E= & ¢ Es AAEA

A A AE(ETS:
Equipment Test System HIOIE 24 Eln BT BT EE
HMAE R Analog & Digital Sensor
H k g Al g —_ - - £l
1Al HSA HH GPS Receiver, LRUs
AL AL A A
I PIP[Pilot Interface ! | DAPU[Data Acauisiion 5| [E 2| [ %[ g 2E &
I Panel] : I Process Unit) gl m & = & = gl @ :
|
1 S | |
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(7}F) DAPU(Data Acquisition Process Unit)
DAPU= &7l 728 AAe gAd A7Zl28y AdssE 448 3 7Fsst
L& AAHATY A ASAHEE I587] A AA dd T % "gAd #
HE3 ZREZS FYste] 4 7tedates AAENe F14E tolHES o

st%] o] Data Stream FE|Z CQARO| d¥H )

Exchangeable

-

External
Power(28Y)

a9 239 DAPU 4%
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Encoder Module

Analog & Digital Module

Power Module

External Power
Connector

Main Board

AL SPEC qd4 Ao &2 F H] 31
Analog Power

+28V 15W 4.7T9W 32% Ab&

+15V 15W 1.54W 10.2% A&

+10V 15W 4.57TW 30.5% Ak&

+5V 15W AW 26.6% AR-&
Digital Power

£15V 15W 10.5W 70% AH-&

+5V 15W 75W 50% Al-&

- 232 -



(1) CQAR(Card Quick Access Unit)
CQAR2 DAPUC 2R E === Data Streames A 2l8lo] 7| &538h= 24
gule] FAEE oo 1 Zrh
CQAR®] Azl 55L& A7 AAdTay, oF Aol ~i, Heolg 758
Aol 9 AR A, dlolE MR Fow FgEe] gtk
HEME 9For THEE d9ozRy i IC T8 A4S A
A3k dolE AgiE DAPURY-E RS422 5418 S dgHolxl dolgs
FAete] BAA 27 qiAe BtEE deolEHE Alaty dHolH 7| S
2 R gt=e ol E 7|55t 7ss T

SERE

EXTERNAL
POWER

Gontrol/Indicator

Contral
Switch

Status

UsB ETHERNET

CF
MEMBRY

mut |
o
G
=
L
=
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Power Switch

CF Card Slot CF Memory Card

% 242 CQAR =47
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(t}) PIP(Pilot Interface Panel)

PIP(Pilot Interface Panel):= ZEAL7F sk §1xlol a2 ste] AFEH™ &37]
o #e] B xFTALe HE 9% F7] AAEAR 75> HUMSY| Alo] 2 =
TAHE 918 Paper A% 715 S F9Fv w4715 2t vk HUMS® A&
e F2 Vs o® HAE= DAPU ¥ CQARZFE dold A% & st
3L, FARAIE diHlsle] Reset %2 HYe ON/OFF7|5< o] &3te] 72t gHAld &
19] Aloj5 7heA b m3 fFAF7bel wel DAPUCIA &2 % & Analogll &,
g 415 % ARINCAIEE Aglste] A eet 238 dRE 234 2 7

sl
fols

FTAFAN Al 95 (Warning Light) 2.2 23 el tia)] AX A7 &= 7]5S 2t
WS 23AE Ha3% AFE PIPY 22 PCYIREe] Aulo A Fste] TA R

SR N

g
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PIP A8 EXI(ATEY 0] £ | PIP E1) S8

PIP Holding Frame &4t

19 244 PIP Al =¥l

npA et 2 PP A 7he ek Alo] WE R RUH AS= ofefo] weob 2

3 47 PIP Ao A=

2= 8
Indicator DAPU Status, CQAR Status
DAPU Reset, DAPU Power
Command S/W
CQAR Reset, COAR Power
Interface DAPU, CQAR

2 HAAE FdstHA AZE i-HUMS®O 752 #48¥% #th 28 al A4+

Al AES 1 2459
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¥ 48 i-HUMS(Infrastructure Health & Usage Monitoring System) 7]
T % 4 %5 H 1
Z Ad 1000CH ADCHY ¥ 5V
Encoder ol 10mV Bitrate 1IM(MAX)
Adn E 10bit &9 TTL
DAPU
ZAMA F5F | Strain, Pressure, RTD, PZT, Accelerometer
Analog
Module . . ..
AMP Gain Adjustable Divider 0.1, 0.2, 04, 0.8
Digital
RS422, RS232, ARINC429 GPS Receiver, LRUs, # ol 4CH
Module
File System FAT32 CF Card 4Gbyte
CQAR TO DAPU : Discrete I/O
Power Switch / Event
Status| TO PIP : BIT/REC control
button
Status
Device
HPSlate 500 + RS232 TO USB Convertor
Configure
Application
PIP HUMS PIP Manager software
S/W
Intel Atom 7540
Processor
(1.86 GHz, 512 KB L2 cache, 533 MHz FSB)
Interface DAPU, PIP, CQAR
Power Avionics Power (28V)
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a9 245 i-HUMS A1A1#(DAPU, CQAR, PIP)

(2) ¢c-HUMS(Combined HUMS)
(7} ¢~HUMS 1A A
iI-HUMS®| FAFL &8 g7 F2H7)
i-HUMS®| 74% d7be] S92 Byst | &
djo] Fe7b AJTE weEbA HAHe riewt pEetal, 24 FAAFEY Vleol $dE

An7E oA sl

< Analog
EI £ 7 O Power >
(el B IS — —
i Doy o] RS-422, 232 A
sgorEalet (€ > &
(CHUMS) [ > C|X| = #2|
w Ethernet >
LR R A} }
a7 HE T
Power

19 246 c-HUMS 2] 5918 o] =
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32F drms 4x} dimo] AA darelFe] 84 43 AlAH Ao R E o
AdE AAE 7Isez HH3 H st=dofs JiEsllal DAPU, CQAR, PIP9|

7o sty Aol 7 & g =S Y R Ve AAE FdEdTh

2EHS7|B S AHHCHA|AH(CHUMS)
Analog Analog Analog Digital Digital
Sensor Sensar Sansar Sensor Equipment
- A A A
Ground Station EH"‘!MS Ditz[}::guisition § & é En § & § 2 z
i i ] Pt : | 4 4 v ) 4 v
= AP AR
AFE A} 2l of| o] & (p}pl:,_ - of ot of
m,l (=3 Ié' Iér EI EI
Z g x| |
= = 5 = g g
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Bl sl A 2l 4
| AE K2 EE| M M A 511] Eﬁ
2 N =l I I
M A B R (ENCODER) ;i! ;il ;:i! ol ol
[DECODER) = = 2k Fons L
= = = 2 2
o Z2|7tE 2 =3 = = =
nR2|FtE 2lE |« HEEA g & a = =]
M — — P—
empry (CQAR) = = = = =
Carfl = £ = = =
el HAURY AR
{PDU)
A =5 DATA BUS
2|7 37|
T Rl

9 247 ¢c-HUMS =3%

c-HUMS 124 A= &3 AAlE Znle 7s 8o 231& 23 /AdEdn
Hzx AAlo]7] widl i-HUMSS} &35 9ste] Q¥ s o] 27} fAFSITE

3 49. c-HUMS 9| F-QlE]# o] 2=

o A R Aol = & T4 H] 31
e A WA EAF A9 Analog
R ! 5 igita
FA(c-HUMS) | gAE A7 | dAd A7 Protocol
A sgerdag | gz AN Ale | Analog
E]XL]EJ 77:ﬁ7] s ‘]]:ECL__I?I—ULMLS) gxg AA A5 Digital
2 3 ox4g A7 Protocol
frad 44 (c-Hums) | A8 PHOVAC

=35

g3 aa | ER Xd[%%) ALFF 28VDC
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19 248 ¢-HUMS 13+ AJAI#

(b)) c-HUMS 2xFA] A
c-HUMS 2x} AlAl= 13 A A9 AsS & o A3 392 HUMSS 329
& nH3 BHAF(DO-160F) 714 =&Fs1 +48 9=3lr] st A+

R st=dlo] AAZE AP A

[T Fecerie | [

iyl Management | | T = istanwon Modde #1

T 1 =

3 -' I S ——

. — U H Lrcoder  ——d | s

H ] [ | ; I

L] = Eaforenn Moduis #)

. 1
ﬁ‘-lln::-r:-ﬂ' [ -.p.rh. up T -1 Lntnrizshr Modide B4

: Poldmicsry |

—'i Evternion Modida #5
I

1% 249 c-HUMS 2x AlA] A=
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53 GPS 4 wES Adedn. w=ad BaAd 7

(Interrogator) ¢} Ethernet ¢1E]Ho] A2 &

CHUMS IR ES B2 29 T 24 BEIMY Uy S
HONIE ANE AWTA SHED AN

=

| BRUAINGMEE @
ktl #2vangyns

ﬂuunm-nuun iz

1% 250 S A1 (DO-160F) AA 73

Aol CFAHEE Ea AZEg o] RAIZF(DO-178B)

A, AW, AEAA FAS el Sl

—{o

aga 27 AA= &
FRs AztE A A Folth A,

Aare s, 72t g9 AdEES AEsta

o

AZe uach

Acceptance
Testing | > Acceptance
Testing

----------------- Design
=R
System
, :
lntegr_ation Integration
....... | Tesl:!ng ———— Testing
Unit
Testing

Requirements

Desugn

13 251 V-model
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Connector

EMI
/, Filter

Switch(Power,
Event)

i = = Digital Recorde

— Digital Module (Ethernet, RS-232,

422)
~ Analog Module #2

~ Analog Module #1

-~ Power

Module
| - Encoder & GPS Time code Generato

1% 253 c-HUMS 33 AlA] A A=
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c-HUMS 3xtA1 A= AW Paneldl PIP9] 71%< F+d3t9 2™, A9 Panel 3t
ol CQARY 715¢ CF Memory =52 79 H3 HolH HIAS £o]sHA
HETE S Panelol = AlS Al 2 Au] o] Qg o]~ I HAY

= ANE R oFA 9

Event S/W POWER
Status LED

Recording LED

POWERLED
GPS Ant
POWER S/W PCM OUT
VFD DISPLAY Js1 Ethernet
SEMEMBRYHOT 182 HUMS Configuration

153 RPM/AHRS

is4 Accelerometer

355 FZT

18 254 c-HUMS 3%} AlA] ¢1E # o] ~

IXEALH| 2XFAIH| 3XEAIH|

/
9/ :
:'.
 Lowws
N —— e
=&/ 190*250*165 150*315*145 120*225*120
=zt 6Kg 4Kg 2.5Kg
1% 255 c-HUMS AlAdE =27] 2 F
f1e] 282 1AAIAFE 3AAIA AR A27] 9 S #dHAA fAE
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W& Aystdeh 13 Al vl F 2 At o]st7hA] e, A2 41%7}

FaA et

A Fa

ol

~ 2011.05 ~ 201110 ~ 2013

<7l THE T A=et 75E 24 - 2ENE 9 EE - B3 24 1y

< HEA AEE glet 20l A2E T + EML EMC =3 ZE - BudlE 24 24 1
« BE B9 g5 7 4E - 257 B EE - 23s 24 0y

- 2E3AME 9 EE - gH 284 8=

- 529 4 BE

19 256 "AAER] A Al FEAR

byl |

Dimensions 120 W * 114 H * 184 L (mm)

Weight 2.54Kg

Power Requirement 10 to 36 VDC

Environmental DO-160F

Software DO-178B Level D

| Functional | |

Accelerometer 3-axis * 2EA, 1-axis * 2EA

PZT 10CH

Ethemnet 10/100 UDP or TCP/IP

GPS Receiver Upto 2Hz

Recording Capacity Up to 16GByte

PCM OUT NRZ-L

Interface RS-232(AHRS)

RPM Input TTL

RTD(Temp.) 2CH(PT100)

UI POWER SWITCH
EVENT PUCH BUTTON SWITCH
VED DISPLAY

% 257 A= c-HUMS A Aok
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v A A A1 A (GSE, Ground System Equipment)

Data Analysis

. mmmg | B 4
. HulojEe @

| HUMS 22| |

Compact Flash

Memory
RAW DATA

AGEA AZEY O B3 HolHE JRE 3la Parsing 3t¢] A% o] g
€ AFsts deolgulols IR} Parsing ¥ HOHE /A dE <darg
ol A&ste] FF71e FA B4 2 14 AH ZARE dEFe FgoldE =
ZaPoR FAH ot

A AFEA deolguo]l 2~ AN ES ol HE doJE 7t 7| EH HUMS A

Aule] CF WmeZ <o), 528 Ae7e AWE 7wtow 337, 7123w, H
JolEl &, 71Ek WS EFet7] §13 Sortie JRE AFd}
= 7)1%5S 83t RAW dlolE e} 3 7129 AR o3 nlygs BEaly] 9
g ZHom ALEHY, ThA] RAW dolHE 7128 ad Axe <3 Parsing ©
ol 1 EgFow WMaH dolE s} BEyo AFAL)

O(:){:,“
e
X
=
o
>,
o
X
o
jnj

Z128]3l GSE(Ground System Equipment, A4 734H])= Fdi7F 713 o~
A 7jure] PCE &838to] FASAT A8 AES &835te] HUMS AHl 9} o
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19 259 GSE S/W =1¢1 GUI

Usage Monitoring _Main(Hl% HOE 2E] =o)X

File View Help

SRDRDBE

PeMnEEs DARAE]

VEW | DELETE | CLEAR
K} His! i +

‘ Jabiry WA Darn localhost BIBME DI/2AI0E0 010010443 OIAIZSMI0Z Uploaded Sottie 25
Jabiny S Deran locahost 405,02 MB 130424115442 2013411138516 0OAIS5E 162 Uploaded Sorte 2
Jabing M. Darsn locathast 430,74 M8 42403 20130410.150733 AR Uploaded Sortie 2
Jabiny HAG_Danan localhost Si.52m8 2013042413245 2013041108283 D1 09maT2 Uplosded Sortie 3
Jabiry HMS_fanan locathost X ME 004042013 20130412.113340 WOA43EN2 Uploaded Sore 2
Jabiry HAS_Danan locathost MmaTmMe il CRORTE T Rk R E ) 0OKS5IE202 Uploaded Sortie 33
Jabiry HAB Danen locathost 0 EME 01250506 01V 0OMSORITE Uplosded Sottie 31
Jabiry HAS_Dnan lotathost 362 03ME ISR WIVN2040S  COMSIMOER Uploaded Sorle 3
Jabiny HAS_(anan localhost 4192 me 2013042415420 2013041308353 oS 2 Uploaded Srotie ¥ I
Jabing HAS_faran locathost FLIEMB 1G4 WI41EI04146 0K ¢mB1Z Uploaded Sortie 3% 1
Jabiry HAES_Oanan lacalhost 443IME 0130424161917 20130414.115638 0N S5502 Uploaded Sotle 37
Jabiry HAS_Danan locathost FTTME I8 IILIT2 04 43R0 2 Uploaded Sortie 38
Jabiry HAS Daran locathost 26061 M8 1M MINEIEER  DOANEAR Uploaded Sortie 3
Jabiry HMS Daran localhost ¥ BME 2013042164804 20130415.113219 A 438532 Uploaded Sorle 40
Jabing HAK_Daran locathost 418.79M8 121653 AIVISIEE ONSTEORE Uploaded Sortie 41
Jabing HAS_faran locathost 31.13M8 DIMAIE  NBMISIEZZ  DARENZ Uploaded Sorte 42
Jabiry HMS Darsn localhost BLIIME 0344175 01304171384 00Al5RB32 Uploaded Sonle 43
Jabiny HAB (arsn localhost 404 MB 2013042417390 20130417.132506 ABEI5E Uploaded Sortie 44
Jabiry HAS Daran locathost 4848M8 WM IMET  WIWTIAET OSIRAE Uploaded Sorle &5
Jabirny S, Daran locathost 458ME 0130400175006 0130417172982 ASHRaTE Uploaded Sortie 46
Jabiny HUMS_Danan localhost 43947MB 20130424 180941 11T 084325 DOASIMSTIE Uploaded Sorle 47
Jabiru HAG_Daran locathost B3EMB W2 184627 010070 0A 308272 Uploaded Sortie 48
Jabiry HAKS_aran locathost “EEIME 013024.190437 2013041009633 OIAIDIRIeR Uploaded Sartie 50
Jabiry HAS_fanan locathost 45898 M8 0134241952 041G DIAIRADZ Uploaded Sortie 51
Jabiny B Danan localhost 481, TEMB 2013042419084 M130418.031M7 DI (pRasE Uploaded Sortie 52
Jabiry HMS_Janan locathost FE5IME 0342410372 0130418145742 WASER2 Uploaded Sortie 53
Jabiry HAES_fanan locathost ).09M8 424104508 20130418.160201 OAe9=ITE Uploaded Sortie 54
Jabiry HAKS_Danan locathost 41447 M8 0144, 1606  NIVNE06H006  CONSTERZ Uplosded Sottie 55
Jabiry UM, Danam localhost 411.,28M8 201342420070 20130418.085513 A 56084 Uploaded Sortie 55
Jabiry M Danan localhost iiedichi] MIFMS0123 014190850 0AI54ME12 . Uploaded Sortie 58 .

1% 260 AFEA] dlolH o] & A E S o]
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SETRDRE
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- Real time, reliable, and fault tolerance solutions
- Real time network centric health management
- Semi—autonomous logistics decision process
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