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Abstract

In this paper, a design process is established by integrating aviation safety requirements for the development of general aviation
aircraft. An Airworthiness-Design Integration System, which integrates certification requirements with the entire design/
analysis process, is developed and presented. For the proposed system, KAS 23/FAR 23/AC 23/CS 23 certification regulations
are analyzed to determine design constraints and system compliance checks and to construct an ER&G (Engineering
Requirement and Guide) and a Design-Certification Related Table (DCRT). Furthermore, through building a DB (Data Base),
the management of design and certification related resources for developing a FAR 23 class aircraft are made. Certification
tools and resources are also efficiently managed by the DB. The connection between the certification requirements and the
detailed design process is proposed in this system. Tracking of this proposed method is validated by configuring a USE CASE
and a system. The Airworthiness-Design Integration system will be constructed based on the system’s design plan, certification

system, and usage scenarios.
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1. Introduction

Due to the rapid development of aerospace and
industrial technology, aircraft development skills are also
becoming more sophisticated and software dependent. So,
the development of certification technology is necessary
to ensure aircraft safety. Aircraft safety regulations are
the minimum requirements needed to ensure the safety
of the aircraft. If these regulations are not met during the
certification process of aircraft development, the aircraft
redesign costs will increase. Therefore, an airworthiness-
design integration system that integrates aircraft safety
regulations analysis and database development must be
developed during the initial stages of aircraft development
[1].

NASA from the United States currently uses an
airworthiness-design integration system called CONDUIT
(Control Designer's Unified Interface) [2]. This program
integrates flight control system modeling, hardware attribute

information, HQ (Handling Quality) characteristics and
regulations, test data, and a variety of other information to
verify the authenticity of development requirements and
compliance. The CONDUIT allows the designer to retain a
preferred control law structure, the system parameters to
meet the handling quality requirements. Also, the CONDUIT
is designed to allow for rapid problem setup and easy
evaluation of complex handling quality specifications. In
addition, the CONDUIT environment uses MATLAB as the
arithmetic engine of the program to manage all the control
system functions. All control laws are entered in MALAB's
SIMULINK environment. Furthermore, the CONDUIT is also
a visual environment that displays the information in plots
and graphs that aid in the rapid understanding of the control
system [3].

A German airline company uses MS-Excel based software
called PC-Aero which utilizes an MS-Access based aircraft
certification database in development. The certification
database organizes and controls all the main certification

This is an Open Access article distributed under the terms of the Creative Com-

mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-

nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

Received: September 04,2012 Accepted: November 29, 2012
Copyright (© The Korean Society for Aeronautical & Space Sciences

© * Ph.D Student
** Professor, Corresponding author Email: jwlee@konkuk.ac.kr
*%% Professor
*%%% Research Engineer

435 http://ijass.org pISSN: 2093-274x  eISSN: 2093-2480




Int’l J. of Aeronautical & Space Sci. 13(4), 435-445 (2012)

tasks: regulation (FAR/JAR/CS 23/25/27/29), means of
compliance, certification documents, compliance summary
and the corresponding responsibilities [4].

However, the CONDUIT’s certification regulations are
limited, and PC-Aero has usage constraints that are still
lacking certification requirements.

Thus, as shown in Fig-1, the proposed examples are
benchmarked, taking into consideration the initial design
stages through all phases of aviation safety and certification

standards. An airworthiness-design integration system that
integrates all of these elements must be developed to reduce
design changes and trial and error.

In this study, small aircraft certification requirements
from the design phase will be analyzed to establish
certification conditions and design guidelines for aircraft
developers to follow. The documents mentioned above
are established by the Database (DB) system. A database is
a collection of information and is managed by a database

<Problem setup>

* Design Parameter
« Input Value

<DOORS>

Checking compliance of
requirements and specification
Confirming no compliance part with
table

Show results to user after searching
compliance resources with Doors DB
library

Fig. 1. Implementation of Airworthiness—-Design Integration System Usage Scenarios

Engineering

Requirements
& Guide

Fig. 2. Airworthiness-Design Integration System Conceptual Diagram
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management system (DBMS) [5]. By using DBMS, data
integration can be performed between certification data
and the data from detailed design process. Based on these
plans, a pilot system is developed and applied to verify the
system. Fig-2 shows the Airworthiness-Design Integration
System concepts. The Airworthiness-Design Integration
System utilizes certification techniques and design/analysis
techniques to derive the optimal results. This system is
established by integrating MDO (Multidisciplinary Design
Optimization) techniques and an information technology
framework.

2. Aircraft Airworthiness-Design Integrated
System

The Airworthiness-Design Integrated System sets up the
design process of small aircraft for FAR 23 class aircraft safety
regulations and supports the optimal aircraft design through
optimization techniques.

The process for the proposed system construction is
made up of the pre-conceptual design stage, airworthiness
certification analysis stage, and optimal configuration
design stage.

The pre-conceptual design stage defines pre-aircraft
configurations  through  user-requirements  analysis
results. The airworthiness certification analysis stage
analyzes aircraft safety regulations that are related to small

aircraft development and builds a database. The designed

database includes design constraints and verification
requirements. The optimal configuration design stage
integrates certification regulations and standard aircraft
design information to optimize the system design. The
airworthiness-design integration process can utilize design/
analysis/optimization organically through multidisciplinary
design optimization techniques, which can maximize
resources and time to establish an optimal aircraft design.
The aircraft certification database will be established
for applications based on FAR Part 23 (Federal aviation
Regulations) [6] and the Civil Aviation Safety Authority’s KAS
(Korea Airworthiness Standard) Part 23 [7].

2.1 Process of Certification Database System

The certification regulations are the related design

elements, regulation database, resource management
analysis system, airworthiness-design integration data
technology, integrated

product design system, and computing environment. All

Web-based analysis structure,
must be included within the infrastructure with a relevant
technology level [8].

Studies are needed to improve the analysis techniques of
design related resources and database establishment with
regard to regulations.

The purpose of the airworthiness-design database is
to properly classify and save the numerous requirement
requests, design constraints, and regulations during the
design phase. It must also allow for efficient data research

~Sec.23.59

Federal Aviation Regulation
Subpat B-Fight

vSec. 2361

Sec 2359

Part 23 ARWORTHINESS STANDARDS: NORMAL, UTILITY, ACROBATIC, AND
COMMUTER CATEGCRY ARPLANES

Subpar BcFight Peromance

Federal Aviation Regulation

Part 23 ARWORTHINESS STANDARDS: NORMAL, UTILITY, ACROBATIC, AND
COMMUTER CATEGORY ARPLANES

(a) Takeoff istance is the greater of

Performance

Federal Aviation Regulation

v $ec. 2345

Part 23 ARWORTHINESS STANDARDS: NORMAL, UTILITY, ACROBATIC, AND
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[For each commuter category airplane, the takeoff distance and, at the option of the
‘applicant, the takeoff run, must be detemmined ]
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Takeoffpath
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Federal Aviation Regulation

Part 23 ARWORTHINESS STANDARDS: NORMAL, UTILITY, ACROBATIC, AND
COMMUTER CATEGORY AIRPLANES

For each commuter category aifplane, he takeoff pathiis as folows:
I 2) The takeoff path extends from a standing startto a pointin the takeof at which
the aifpaneis 1,50 fee above the takeoffsurface at o below which height the
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General

[(a) Unless otherwise prescribed, the performance requirements of this part must be
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( datamustbe d over notless "
conditions--
(1)Airport alitudes from sea levelto 10,000 feet, and
(2)For eciprocating engine-powered airpianes o 6,000 pounds, ofless, maximum
weight, temperature from standard to 30° C above standard, o
(3)For reciprocating engi red airpk [
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t030° C above standard, or
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Fig. 3. DB Tracking Example
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and management.

Especially, in Fig-3, with DOORS [9], the user can trace
related regulations and each user can be assigned different

authorization levels for database use. Also, alarge number of

users utilize the database simultaneously.

2.1.1. Certification Analysis

The Airworthiness-Design Integration System can secure
qualitative and quantitative airworthiness standards for
aircraft design and reflect the required technical standards.
In order to make this possible, related regulation content

. FAI . . . Related Related Applicable o Application  Verification Method of
] PP Catagoty Detign Consteaints Variable Reguistion | Design Phase | MPPIcHtion Method Tool  Compliance
(a) Ol & 11 = > 450m(1,500ft)
(c) Ol TMAO" =& v35ft = V2, V400ft >V2 VEF, V2, VR, h, Aerodynamic
(0 QS Ah ¥EZNE Detail Design, |  High Lift Konkuk Tool,
anckici (i) 87| >1.2% Takeoff Path Prelimi Design, s CcFD,
R::uykss's (ii) 3¢7] > 15% slope, Hp, AHp,| FAR23.45 Design, | Flight Dynamic, g Flight T
(i) 4%7] > 1.7% cL, CD, Conceptual | Conceptual Simulation
<Advisory Circular> Thrust, Design Design Tools
d. Section 23.57(c)(1) - Takeoff Path Slope. Weight
+ Pressure altitude increment (AHp) above the takeoff surface AHp =
a) Start to point ( at 1500 ft above takeoff surface)
- base on 23.45
- accelerated to VEF (critical engine inoperative at VEF ), then;
FAR - accelerated to V2
Summary  |b) Nose gear raised off ground at speed > VR
) - slope of takeoff path - positive
Performance - must get V2 (before 35 to 400 ft above takeoff surface )
Flight - | Takeoff - aradient of climh  (startinn at 400 & ahove takenff surface )
Sec. 23.57
General | path.
 TAKEOFF FUGHTPATH —]
[}
< TAKEOFF DISTANCE —| / na /
KAS =
Summary ‘ .
stomon womo o l | e lnmmnw l o
S L -
- rm [rmme | | peom
o = [ "= [ —
vanes 22 wu e ns enwe e
e | e e
o o
Fig. 4. Design—Certification Related Table
Section Title Contents BCaSSERSG |,
Section
4 Performance
4-00 General This section presents the performance of the aircraft assuming
(a) Purpose - to set the atmospheric standards in which performance
requirements should be met.
- Reciprocating engine powered airplanes below 6000 Ibs,
- Reciprocating engine powered airplanes of more than 6000 Ibs,
test (in icc as near as
possible)
4-00-10 :::‘;’;:"‘T ":?"era' a2 ~ ICAO standard (< 65000 ft) FAR 23.45
CauEton (b) Performance data determined over-
- airport altitudes (from sea level to 10,000 ft)
-Reciprocating engine powered airplanes below 6000 lbs,
-temp ( from standard to 30 C above standard)
- Reciprocating engine powered airplanes of more than 6000 Ibs,
-temp ( from standard to 30 C above standard) or max ambient
4-10 Targeted Performance
4-10-10 Field Performance
410-10-10 Takeoff and Landing 2.2.4 Takeoff and
Distance Landing Distance
Sea Level Takeoff Field Takeoff performance requirement in FAR 23 is described in FAR 23.51,(2.2.4.1 Sea Level
4-10-10-10-10 Length 53, 55,57, 59 and 61.FAR 23.51 and 53 are applicable to all of FAR 23 [Takeoff Field
aircrafts Length
4-10-10-10-10-10 Takeoff [speeds.] FAR 2351
For normal, utility, and For normal, utility, and acrobatic category airplanes, rotation speed,
acrobatic category VR, is the speed at which the pilot makes a control input, with the
airplanes intention of lifting the airplane out of contact with the runway or water
surface.
(1) For multiengine landplanes, VR, must not be less than the greater of
4-10-10-10-10-10-10 1.05 VMC; or 1.10 Vs; ;
(2) For single-engine landplanes, VR, must not be less than Vg, ; and
(3) For seaplanes and amphibians taking off from water, VR, may be
any speed that is shown to be safe under all reasonably expected
conditions, including turbulence and complete failure of the critical
engine.

Fig. 5. ER&G (Engineering Requirements & Guide)
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must be analyzed and a database established.

Related certification requirements from domestic aircraft
technical standards Part 23, Part 33, Part 34, Part 36, the
United States 14CFR23 and AC (Advisory Circular), and
European CS (Certification Specifications) [10] can be
analyzed to select primary certification requirements.

In this study, through analysis of FAR 23, KAS 23, AC 23,
and CS 23, certification regulations are needed for design
and were charted in the Design-Certification Related Table
(DCRT) as shown in Fig-4. This table displays the association
between the certification requirement and design variables
as it pertains to the multidisciplinary design constraints
at each phase. A designer will utilize this table to propose

applicable regulations regarding design stages, verification
variables, verification methods, verification resources, and
verification tools.

2.1.2 Engineering Requirements and Guide

Certification regulations and technical standards
for aircraft are written in the same format as laws and
regulations, and rarely provide specific values in evaluating
for the development costs of small aircraft. It is also difficult
for the designer to constantly refer to regulations during the
development stages. Therefore, using prior authorization
requirements set out by architects in aircraft design to define

objectives and comply easily with regulatory requirements

ran 23250 251 Design weight
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Fig. 6. Analysis Program Integration Using Airworthiness-Design DB
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for certification, an Engineering Requirements and Guide
can be produced.

ER&G
requirements, design requirements, and airworthiness-

is a manual that documents certification
design guidelines.

This document compares existing FAR 25 class aircraft
Design Requirements & Objectives [11] and Part 25
certification. It also analyzes Part 23 certification and
requests necessary information from the publishers to meet
the specific conditions of FAR 23 class aircraft as shown
in Fig-5. This ER&G manual is reviewed by a Canadian
certification professional and built as an airworthiness-

design database.

2.1.3 Airworthiness-Design Database Usage Scenario
The ER&G and Design-Certification Related Table (DCRT)

contain mission/performance/operational requirements,
FAR 23 certification requirements, and any additional
requirements including AC 23 and CS 23 content [12]. The two
documents are connected and added to the airworthiness-
design database, which makes design requirements,
certification requirements, and design constraints easily
accessible for aircraft developers.

The ER&G from the airworthiness-design database is
analyzed systematically by aircraft technical standards, and
the development of aerodynamics, propulsion, structure,
control, stability, and so on are interlinked within the
entire system [13,14]. In this process, as shown in Fig-
6, authentication elements are classified by sector from
design to verification, and analysis tools and resources
are developed to validate certification requirements for

compliance checking.

®arch FAR DB | CAD Verfication | CAE Verffication | DOORS Im 4 | *

& B N —p—
FILE EDIT VIEW D
1 of4 g User Login
Class/ FAR 7% FARContents | DCRT View | FAR_No Search |
[ 01_General
asswor 4 02_Perform: |5ec 23.45 General.
- [§ 03_Flight Ck
o) [ 04_Cantrallz (1) Still air and standard atmosphere;and
-~ 56-00 Windo" » @ 05-Trim
] 57-00 Wings [ DE_Stability
B0 Eagine [ 07_Stalls powered airplanes.
" 49-00 Airborr -8 08_Spinning
-~ 71-00 Power [% 09_Groung |conditions?
) 72-00 Engine— [ 10-Miscella
o i [&. DOORS Lint
-] 73-00 Enging € R
) 74-00 Ignitior -
) 75-00 Air
-] 76-00 Engine
) 77-00 Enging
) 78-00 Exhau:
() 79-000il
) BO-00 Startiny 23,1041 tog 23,1047,
- Subsystems <l v |approved power, less?
E-J Avianics - (1) Installation losses: and
] 22-00 Auto FI =[] /FAR23 Class/
() 23-00 Commi 5] Sec 23.45C
) 24-00 Electri] = --[=] Sec 2349 S humidity:
) 26-00 Fire By 2 Sec 2351 T | T
) 3l 23537 il Rt
oy . " 55 & |standard temperature plus 50 °F,
. Airworthiness =

Database

_ e
B 837
E-J FARZ5 CIa

(a) Unless otherwise prescribed, the performance requirements of this part must be met for?

(2) Ambient atmospheric conditions, for commuter category airplanes, for reciprocating
engine-powered airplanes of more than 6,000 pounds maximum weight, and for turbine engine- R

(b} Performance data must be deter- mined over not less than the following ranges of

(1) dirport altitudes from sea level to 10,000 feet and
(2) For reciprocating engine-powered airplanes of 6,000 pounds, or less, max- imum weight,
temperature from standard to 30°C above standard: or

(3) For reciprocating engine-powered airplanes of more than 6,000 pounds mazimum
weight and turbine engine- powered airplanes, temperature from standard to 30 °C above
standard, orthe maximum ambient atmospheric temperature at which compliance with the
cooling provisions of § 23,1041 to § 23,1047 is shown, if lower.

(c) Performance data must be deter- mined with the cowl flaps or other means for
controlling the engine cool- ing air supply in the position used in the cooling tests required by §

(d) The available propulsive thrust must correspond to engine power, not exceeding the

(2) The power absarbed by the acces- sories and services appropriate to the particular
ambient atmospheric condi- tions and the particular flight condi- tion.
e) The performance, as affected by engine power or thrust, must be based on a relative

(1) Of 80 percent at and below stand- ard temperature; and
(2) From 80 percent, at the standard temperature, varying ling

(f) Unless otherwise prescribed, in de- termining the
in the airplane's con figuration, speed, and power mu
procedures es- tablished by the applicant for operatl
able to be executed consistently by pilots of average ski

-

) FARZE Rel expected to be encountered in service. .
i ] KAS25 Regulatic run\.(vga)y;rhe following, as applicable, must be determined on a7
~LJ DRND B777 (1) Takeoff distance of § 23.53(h)
E-iJ FARZ3 Class | Sec Z3E9E (21 Accelerate-stop distance of § 23,55
) FARZ3 Regulatio [F] Sec 2371 C (3) Takeoff distance and takeoff run of § 23.53 and
i =& = g (4) Landing distance of § 23.75.NOTE: The effect on these distances of op- eration on other
) Subpart A-G -] Sec 23.73 C ; i
Subpart B-FI. ) Sec 23,751 types of surfaces (forlexam— ple, grass, gravel) when dry, may be deter- mined or derived and
= - these surfaces listed in the Airplane Flight Manual in accordance with § 23, 1583(p).
) Subpart C-Si -] Sec 23.77 E (h) For commuter categary airplanes, the following also apply:
) Subpart D-Du (1) Unless otherwise prescribed, the applicant must select the takeoff, enroute,
-] Subpart E-Pt approach, and landing con- figurations for the airplane.
oo ibpart F-Ed (2) The airplane configuration may vary with weight, altitude, and tem- perature, to the extent
= P that they are compatible with the operating proce- dures required by paragraph (h)(3) of this
: ) Subpart G-0 ~ section,
4 I ‘ S 4 ‘T‘ 3 A | Inlese ntharwize nracrrihed in de- tarmininn the  rcritical-annine-innner- ative  takanf ¥
. === ViewNode Selected | TreeMNode! Sec 2351 Takeoff speeds. |
B7 FARZ3 Class/FARZS Regulations/Subpart B-Flight/02_Ferformance/Sec 23,51 Takeoff speeds,/3.0-  »

3.0-1,0-2/F&R 23,51(c)(1)(ii),

(i) The takeoff decision speed, W1, is the calibrated airspeed
on the ground at which, as a result of engine failure or other reasons, the pilot is assumed to have

Fig. 7. Example of the Airworthiness-Design DB System User Interface
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2.2 System Development

To establish an Airworthiness-Design Integrated
System which uses a connection method by analyzing the
certification requirements and detailed design processes,
a USE CASE is developed. To verify the plausibility of the
system, a pilot system is developed and adopted. Fig-7
presents an example of the system user interface. Designers
gain permission to utilize the database through a login, and

FILE EDIT VIEW Data
M <1 ofd [ b M & X H

are allowed to access their respective design stages according
to the ATA (Air Transport Association) aircraft classification
scheme.

2.2.1 Database Configuration

The system’s database is made up of the DOORS DB,
which saves certification regulation data, and the SQL Server
DB, which is used as the database management system for

Aerodynamic Analysis and Design Lab. @t( KU

B[ /EZ7[ AIAE/A FARAEINE | FARFE | DCRT View | FAR Summary | Condition Summary | FAR_No Search | Search FAR DB | DOORS Import | DB <L » |
) [
S 4 AirDesignForm (=[a] = |
S Airframe FILE |
= oo | |[E® E Wings ATA Summary | ATA LIS | ER&G 221 LI | FAR 25 % | ER8G LINK L2 | FAR Summary | Design Analysis |
. E1-[§ 57-00 Wing Box
j gg’gg g;‘;‘i‘l';;r ] 57-00-10 Wing Structure |LATA Summary 1]
i -~ g b= : it
() 56-00 Windows % g;_gg_gg ggzﬂ:glgﬁjé‘ The wing shall be designed for the loads and conditions defined in Sections 3.3.1 through3,3.3 and shall meet the
] 57-00 Wings| [ 57-00-40 Rib Installation strength requirements defined in Section 3,3.4, These requirements are supplemented by the design requirements
=] gnﬁ'”g ! -5 57-00-50 iib Installation [(8fined below:
‘JJ A‘;i;f:ms - @[5 57-00-60 Sealant-Fuel T
L . =-[ 57-10 Center Wing
‘j ggzgg éﬁ;ﬂ [ 57-10-10 Wing to Fusela
3 22-00 Electrical ||-)| 5-® 372 Outer Wing
) 26-00 Fire Prote [ 57-20-10 Landing Gear ¢
( A = o i o
J 31-00 Instrumer, B e 1P ding Wing T | 786 222 = 1 S [reRzE e -
33-00 Light [% 57-30-10 Folding Wing T 2 | sl
o s 5[ 5740 Leading Edge & Lead | ! :
3 34-00 Navigatior {5 57-40-10 Leading and Ti Brake Chatter and Squeal Sec 23,55 Accelerate-stop distance,
o 827 nd [ 57-40-20 Leading-Edge  |_ing =| | For each commuter category air-plane, the
) FARZ5 Class [ 57-40-30 Leading Edge | |The wing shall be designed for the loads and accelerate-stop  distance must be determined as
) FARZ5 Regulations [ 57-50 Trailing Edge & Trailiy |conditions defined in Sections 33,1 through3 3.3 and follows: =
) KASZ5 Regulations [ 57-50-10 Flaps shall rmeet the strength requirements defined in (a) The accelerate-stop distance is the sum of the
i DRNO B777 [ 57-50-20 Fixed Trailing { Section 3,3.4, These requirements are supplemented distances necessary to
J FAR23 Class [ 57-50-30 Trailing-Edge * by the design requirements defined below (1) Accelerate the airplane from a standing start to VEF
. FAR23 F!egulaﬂluns 5[5 57-60 Ailerons with all engines onevgting: .
) KAS23 Regulations [ 57-60-10 Alleran Fuel Tanks (2) Accelerate the airplane from VEF ta V1, assuming
) ERNG23 & 57-70 Wing Detail Desian (a) All fuel tanks shall be designed for an ultimate the critical engine fails at VEF; and
) ERNG23 ATA [ 57-70-10 Structural defor refueling pressure equal to the product of (1.5)times (3) Come to a full stop from the point at which V1 is
) CCL23 STD [ 57-70-100 Spoiler panel the sum of the check valve pressure plus static head reached,
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the design framework.

The SQL Server stores data from the DOORS DB and
associates index information from ATA/ER&G/FAR 23/AC
and other documents.

The database must be configured to allow for efficient
ATA/ER&G/FAR 23/AC 23 information verification and
searchability. To make this possible, the relationship
between data and their structure has been studied. This
made the keyword function as an index, the content readily
searchable and also made related documents accessible.
In addition, the ability to track revised regulations and
document modifications are also provided while using the
system, as shown in Fig-8.

2.2.2 CATIA Interface

As shown in Fig-9, when the desired aircraft data are
entered for aircraft design parameters of the CAD Model,
the API function of CATIA (VB Script) can be interconnected
with CATIA knowledge.

2.2.3 Checking and Validation Process

The airworthiness database and design database are
connected for the verification process, which is separated
into an input stage (Checking) and output stage (Validation),
as shown in Fig-10. In the checking process, input variables
are checked to see whether they are satisfied with the
requirements for certification, verified and provide necessary
information to developers. During the validation process, the
proposed design variables can be used by the GUI (Graphic
User Interface) to provide data for a comprehensive decision.

The utilization of the verification tool is implemented
under commercial framework iSIGHT-FD software. Fig-11
shows the data input GUI, data output GUI and checking/
validation program connection and compares the data
with the certification regulation from the database. A

User Application
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Data

Data Process

4’,%

Input
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Data
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@ : Trigger Point

Fig. 10. Certification Checking and Validation Process
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designer can obtain aircraft design information without fully
understanding the verification content and -certification
regulations.

3. Case Study of Aircraft Design Program

Figure 12 describes the use case scenario of the FAR-
23 class aircraft design programs with airworthiness
regulations. In the first phase, designers have to define their
requirements of the aircraft specifications from the design
requirements program and describe the mission profile
for the required aircraft. According to this user request
information, the preliminary sizing program calculates
aircraft data and generates draft geometry modeling with
CAD commercial software (CATIA - Computer Aided Three-
dimensional Interactive Application) from DASSAULT
SYSTMES. The fuselage, wing, horizontal tail and vertical
tail data from the configuration designer links automatically
to the conceptual design module. The conceptual design
module combines the aero09 program, mission program,
performance program, weight program, propulsion program
and the stability and control program. The conceptual design
module calculates aerodynamics data of the aircraft and
details aircraft design data. The certification database checks
and validates the result of conceptual design data which is
either satisfied or not satisfied with FAR regulations. For the
optimization, genetic algorithm and sequential quadratic
programming methods are used. The load analysis module
provides and calculates flight loads, horizontal tail loads,
control surface and system load, vertical tail surfaces, wing
flaps and special devices, engine loads and ground loads
data that are satisfied with FAR-23 regulations.

3.1 Preliminary Sizing

Preliminary sizing is developed by using simple and
systematic empirical relations to work out a first layout
both easily and accurately from a minimal set of user
specified requirements. The preliminary sizing determines
the stabilizer size and wing location which satisfy the
stability requirements by using aerodynamics and stability
equations. The program estimates the initial take-off weight,
wing loading and thrust-to-weight ratio to design the shape
of the target aircraft design.

3.2 Configuration Designer (ACD)

The aircraft configuration designer is a program based on
Dassault systems CATIA CAD software and VBA scripting
using the CATIA Application Programming Interface (API).
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The main purpose of the ACD is to provide an easy tool
for 3D configuration development and integrate it into a
design analysis loop. The class function/shape function
transformation (CST) and the elliptic distribution function
method are used to present geometry modeling in the ACD.

3.3 Aircraft Design Synthesis Program (ADSP)

The ADSP program is developed by using the higher
fidelity and detailed analysis modules to refine the first
layout from the preliminary sizing. It is composed of six
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analysis modules which are aerodynamics, propulsion,
mission, weight, stability and control and performance
analysis discipline. The aerodynamic analysis, which is
called AER009, is developed by using the empirical relations
[15]. It is composed of drag and lift estimation. The Life
coefficient results of aero009 show the better agreement with
the Vortex Lattice Method [16] and Aircraft DATCOM [17]
with experiment data for Navion aircraft and F/A 18-Hornet
aircraft configuration. The drag coefficient is validated for
a generic fighter aircraft by comparing with experiment
data. The aero09 is well-developed by enhancing the strong
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point current aerodynamic methods to predict aerodynamic
characteristics at the aircraft conceptual design stage. The
aerodynamics analysis predicts aerodynamic characteristics
at the aircraft conceptual design synthesis stage with
various Mach numbers. The propulsion analysis module is
developed for both piston and jet engine. The thrust, power
available and required thrust, and power versus with speed
are provided from propulsion analysis. The mission analysis
estimates the burned fuel weight, takeoff weight, and the end
of mission weight. The weight analysis calculates the weight
components of aircraft. The stability and control analysis
module provides the directional and lateral derivatives
for each component such as wing, fuselage, vertical and
horizontal tail. The detailed take-off and landing analysis is
calculated to simulate the takeoff and landing flight condition
accurately from performance analysis. Furthermore, the
basic aircraft performances such as range, maximum range,
endurance, maximum endurance, maximum rate of climb,
and bank angle are also calculated.

3.4 Load Analysis Program (LASA)

The LASA program is developed to calculate the loads
on an airplane using methods acceptable to the FAA. This
program consists of 11 modules those are weight estimation,
weight-CG, structural speed, mach limitation, air loads,
aero coefficients, flight loads, aileron loads, flap loads, wing
inertia, net loads, engine mount loads, landing loads, and
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tab loads. Those data are validated with FAR-23 regulations.

3.5 Optimization Process

The gradient-based optimization method is applied in the
preliminary sizing program to estimate the optimized values
of total takeoff gross weight. The cross-plotting of sizing
data is presented with the carpet plot which is based upon
superimposing the takeoff weight plots from sizing plots.
The ADSP program considered the multi-fidelity models
technique for the multi-objective design optimization
process. The multi-objective design optimization problem
is to minimize the take-off gross weight and maximize the
range while satisfying the design constraints. After the
optimization process, the ACD program re-generates the
optimized aircraft design model. Figure 13 demonstrates the
baseline configuration versus optimized configuration.

4, Conclusion

In this study, aviation safety requirements are related to the
development of general aviation aircraft which are analyzed
and proposed design constraints and verification items.
When applicable certification conditions are established,
certification requirements and design guidelines are
documented in the ER&G. A DOOR database utilizing, the
design system, certification related resource management,
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Fig. 13. Baseline Versus Optimized Configuration
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and database utilization are constructed. The certification
requirements and detailed design processes are associated
to produce a USE CASE, and a Airworthiness-Design
database system is developed to produce methods. From
the initial design phase, designer can predict applicable
regulations and verification methods, verification tools by
using airworthiness-design database. By linking and using
the airworthiness-design integration system, the user can
check and validate that the analysis result data are satisfied
with certification regulations.
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