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A Study on the Requirements Allocation and Tracking
by Implementing Functional Analysis

o X *
Jae-Woo Lee

ABSTRACT

By implementing the Systems Engineering process for the aircraft preliminary design, functional
analysis study is performed, hence Functional Interface Data Flow(FIDF) and Functional Flow Block
Diagram(FFBD) are generated. Based on FIDF and FFBD, allocable and non-allocable design/perfor-
mance/RM&S requirements are allocated to the appropriate levels. Weight and cost tracking and
design margin management methodologies are studied and implemented for the balanced aircraft
design.
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(Fig. 1) Functional Analysis and Requirements
Allocation/Tracking Process
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(Fig. 2} Functional Flow Block Diagram of KTX-
2 Aircraft (System Level)

iDesign Coardinatien
and Integration

22
™ Mock-Jp.
W8S 180C 1

Change Required

Input

Aircratt Design - WES 1000
(Fig. 3) Functional Flow Block Diagram of KTX-
2 Aircraft (Aircraft Level)
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{Fig. 4} Functional Flow Block Diagram of KTX-
2 Aircraft (Subsystem Level)
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Aerodynamic Design and Analysis

Major Tasks
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(Fig. &) Functional interface Data Flow of Aero-
dynamics Group
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(Fig. 8) Requirement Flow Down Process
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(Fig. 7) Design Requirements Architecture
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Tl EZIA[RTM, Requirement Traceability Matrix)& -
A8k, 7 715 E 11 HA(PUID, Program Unique
Identifiery & Fofsle] HARFE FH3) 7|58
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PG 5L 24T 5 Aok AAS A 4A DA
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3 ZAsle =7-5(CBSE, Computer Based Systems
Engineering Tools)©] 8- 2 0] §- 7}F5-3}t}. Require-
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and Management, RDD-100 5o] tji#o]n”, 2 &
ZeEJo] 4 sl=sol E B4 4 A, & agn vt
2 SojlA Hjolg Holx Utk 1B A DAl 4
A 8T 3 2 FHE JeiMe B AT B
the e 34 9 glojguo) 2 A¢jo] 7158 PC
£ AXEY0E o|&3l= Aol A&Hoth tut 4
H A0 AL % AA 2T 33 AA FEL
vleA] gosith Fgwe 8 Ad/71E AA
(Figmre 8A)9} 4447 Bl(Figire 8B)S] Requirements
Traceability Matrixe] o2 242} HdZq ok

RS #1 RS#2 rRs#3
a7z g=
REQ. | 22 [ REQ. |#333i| REQ. [
LSS
suag M097 |Trade | M096 | T.5.#12
- = @30Kft |Study #1 | @30Kft
P 30KR  |T.S.#2
2u2 85
=g el

(Fig. 8A)} Requirements Traceability List {Concep-
tual/ Preliminary Design Stage)
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TYPEA SPECIFICATION 1 C. B2 SPEC
PARA PUID PARA PARA PUID PARA PUID PARA_ | PUID
32.1.1.1] SYS0010| 3.72.11 | 3.2.1.2 [EPSO020¢ 3.7.2.1 | POBOO34| 3.2.1.2 | PDROASG

PDB009S

PDB0098

PDB0100

PDBQ110

PDBO120

(OTHER B2 SPEC )
(AS ABOVE)

3232 | EPS0021| 3.7.2.2 {PDB0045| 3.2.2.4 |PDBOO45

(Fig. 8B) Requirements Traceability Matrix (Detail
Design Stage)
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(Non-Allocable) AR +E FE3H= Zold}. 71Tt &
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e Performance The Design Parameters

r
1 «m:ax.’?peed and Max. Mach No. l‘ | Thrust, Weight, Wing Area I
D ol T.Cy C, Cp Characteristics '
VStall Speed: fn of WS and C ., Co o C et !
" Jsustained G :fn of TIW.WIS.C, S T
: 7
! jlnl(antane?us G:fnof WS.C,., ‘ Design Results
: T?“’o" D";"r'" e ‘ ! Thrust : 16000 lb(Uninstalled)
: JL 01 Vg, V. T. 400 €., | Wing Area: 255 Sq #t
. 7ndmg Disl;nce . Cp,, 2 541 Counts at 4 1.2
l ot W, 8, G Cp Cpnye 1 168t 0=21°
‘ YRate of Climb :fnof T, D, W C: Positve at o=21"
P ' N -
: jaccu:ron:ug tn o; T.{Du w i Weight Empty :13.636 b
ax. Wependent Upon P .
. C,.C,, Charactenstics TOG Weight :16.690
Ve Internal Fuel :5.117 b ]
o Mission Performance v

- ¥ Engine SFC

' ¥ Fuet Capacity

¥ Maneuverability Characteristics
v Drag Characteristics

. Define Target Vaiues
of the Design Parameters
. and Alfocate Welght

(Fig. 9] Allocation of Non-Allocable Performance
and Mission Requirements

[A. voRTEX DRAG (S A | (M ) | (SMDy)
CRAGCF PLANE WNG
CRAG DLE TOWNG TWST
WING TIP CORFECTION
CRAG OLE TO RBELAGE LIFT
FDRZONTAL TALPLANE [FAG (TRM)
8. PROFILE FRAG (SMOOTH CONDITION) SUM Ap) | (SUM By | (SUM
WNG - MINMUMDRAG
~INCFEMENTAL [DRAG
REELAGE -BASICDRAG
- BOTTAI_ANDBASE CRAG
- UPSWEEP ANDINOIENCE EFECTS
TALBOOMS
NACELLES - EXTERNAL (FAN) CONING
- GAS CENERATOR
PG
-PUONS
HORZONTAL TALPLNE ) e )¢ o)
- MINMUM ERAG
~DRAGOLE TO O, AD O,
VERTICAL TALPLANE
C. INTERFERENCE CORRECTIONS (s )| s B) | (smn)
WNYFLBELAGE [
- VORTEX DRAG
~VISOOLS INTERFERENCE. CRAG
—UFT EFFECT ONRUBELAGE DG
NAOFLLE/ARFRAME { ) () ()
- VORTEX CRAG
- PROFILE DR
TALPLANE/TALPLANE
TAILPLANE/ ARFRAME

|__SUB-TOTAL

(Fig. 10) Breakdown of Drag Coefficient for Drag
Estimation

4.2 &eto] 7ks8HAllocable) MA| @F -
RM&S &+%

RM&S 875+ AtlFoz 44 838 + Je
A7 §7oltk 48719 A A% A 9%
o £ gle B RMES 87ES A%, 7 7)
B3 gl Prhsicth RM&S B-47) 2|97
AAdlle B34 2E Work Unit Codeo] AME-HH,
Table 1.2 Work Unit Codeol] w2} S9¥ MTBM(),
MMH/FH, 18]1 MTTR 8758 Ho F1 ok &
2FE RM&S 875 AlFASolY 249 44 &
< TujAlY FER70E ojgEY FFHoEE B
F 2l Y2 (Vendors)t} 152 Mol F3HA 118
H}.
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[Table 1) Allocation of RM&S Requirements

wre MTBM(l) | MMH/FH MTTR
Aifrarg! " G ¥ 0 1.2
Cockort 1200 jed) 014 24
[ Lending Gear (100 5 0de 15
[ Flgt Corro (400 & 03 22
Engne (23000 160 1.2 38
Aucriiary Power - 24Ci B 0.4 2
ECS (4G 210 027 38
Siechnc Power (UL 12 0% 36
Lghtring L 4A0CC 120 Jole:] 15
Hydrausc Preurelrc (4500 20 04 1.3
E=P=TY)- . & ) r) 18

Errergency - Suvivas gL, 9101 <o i

Personnal ana Misc. Egup. (3600 12016 00k 07
Expiosive Devices (7000 410 0.07 06

Total (RS#5) 7.2Hs 7.3Hs 32Hs

4.3 gEo| 7ks8t MFAIE ALY

HEAS AALTE T35/ el a743%
oJu} &7 %HRequired Capacity)s WA wpefsfor it}
7} 47 8782 Requirement Tems)ol] thak A %

7-](D&sign Conditions)g \:d)qz‘; 1 z }\-]O/\_Q,}_ -
FHRLE Holsle] 2 HRAE 49 47 87,

B2 FEA g SFXE e g7 71EA
A BAA dgE & e ARAE 87 eEE
F237Bleed AN, 7 §Z8FEECS Cooling
Load), %52 Zn}& (APU Shaft Power), #%-8-%
(Hydraulic Capacity), 28|31 7] §-8KElectric Load)
5% E & Stk oleigh 71Eol wet @ AA 8
THEES A AAS #¥ A (Balanced Design)&

5 Hes] Faspy 74] ’S Ao} §7t 7o) |
L 11

4.4 82| B 71 27| gt Y 5

&3719] BAS g 7H2(Flyaway Cost) HA
A Al A B3] Fashl 1 s ojol & HA

58 | = EAslvleErs) A AR A2E(19999 129)

Bleed Air

Design Condition

Sea Level

Mil-STD 2104 20% Hot Day

32 psi Bleed Air Pressure{Engine)
Design Margin of 5% of the Total Load

* o o o

All . ) ,
APU Bieed Air ocated " Cockpit Cooling : 20 ppm
54 ppm /. Avionics Cooling : 10 ppm

’ 24
Ground Static Condition ECS Ejector 24ppm

50 psi Bleed Air Pressure

) Allocated  Cockpit Cooling : 48 ppm
E"g”; Bleed Air . Avionics Cooling : 9 ppm
ppm , 0BOGS ;2.5 ppm

Mach Number 0.9, Sea Level Fuel Tanks 2.5 ppm

[Fig. 11A) Allocable Subsystem Level Require-
ments - Bleed Air

PTO Shaft Power

Design Condition

Engine Failure and APU Operating
Hydraulic Pump Efficiency of 82% at 35 ppm
Generator Ffficiency of 77% at 43 KVA
Gear Box Loss of 7 - 9 HP

¢ s o o

Allocated .  Hydraulic Pump A : 77 HP
APU Max. Power \, Hydraulic Pump B : 77 HP
234 HP / Main Generator ~ : 71 HP

Gear Box Loss : 9HP

(Fig. 11B) Allocable Subsystem Level Require-
ments - APU Shaft Power

ECS Cooling Load

Design Condition

'+ Sea Level
¢ Mil-STD 210A 20% Hot Day

Allocated

Cockpit :14400 btu/hr

. Total Cooling Load
; Avionics : 12000 btu/hr

26400 btu/hr

\
\

(Fig. 11C) Allocable Subsystem Level Require-
ments - ECS Cooling Load
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Hydraulic Capacity
Design Condition

+/- 30 deg |

¢ Horizontal Tail 53 deg/sec
¢ Flaperon 52 deg/sec +/- 30 deg
¢ LEF 25 deg/sec +/- 29 deg
.+ Rudder 90 deg/sec +/- 30 deg X

Hydraulic Pump {A) r
33 gpm |
84% of Total Capacity

 H.T. Acturator 1 9.153 gpm
Rudder Acturator ©7.532 gpm
LEF Acturation

Allocated > Flaperon Actuator : 7.539 gpm
1 11.82 gpm

‘Flaperon Actuator : 4.531 gpm

. A//ocated
; Emergency Hydraulic ; H.T. Acturator 1 5.436 gpm .
Pump 26 gpm Rudder Acturator © 3.255 gpm

LEF Acturation  : 7.456 gpm

41.5% of Capacity

(Fig. 11D) Allocable Subsystem Level Require-
ments - Hydraulic Capacity

Electric Load

Design Condition

Load Values Are Max. Steady State in Spec. or F-16 Data
Night Operation

Transient Load Ignored

Design Margin of 5% of the Total Load

Converter Efficiency of 85%

* o o o o

! Main Generator
42 KVA

Ess. AC Bus 0 2.5 KVA

Allocated "Non Ess. AC Bus : 16.4 KVA
> ! Ess. DC Bus ;1.6 KVA

L

Taxi for 11 Min. ‘Non Ess. DC Bus : 5.9 KVA .
Battery Bus 6.5 KVA |
' Allocated \ | £ss. AC Bus 25KVA
Emergency Generator > (Ess. DCBus  : 1.6 KVA
. Battery Bus D 6.5KVA

Emergency for 15 Min.

(Fig. 11E) Allocable Subsystem Level Require-
ments - Electric Load

skepwlelolch A9 0 7j2e] e 2
AA AR AYEE A% 84 38 PEE
FEAA olFAZIL. NFAA DAdE T2 A%
&, 718 24 G FRAAE AES 5E
A 2% 9 BAL olsolA Hek
A BHE (Weight Tree)9} thd 7F2 255 (Cost
Tree)= 712 ¥ %(Specification Tree)9} HHF-E-3)

% (Work Breakdown Structure) S 7|32 AHAJEw, 7|2
A7 27 FAEE L (DS, Configuration
Item Development Spec, BZ)O] Z}”E}?ﬂ HE A &
o g _/;-_F‘_,s_o Mﬁ] _8:—1’- 7Hu1- .H.7:]o] _g_.‘TLl:
F39 gstoz Feldh

g57) FA BeE e 2 FES e &
EXE Aok, Hg 7olx9} 2o| AA o B
(Margin Management)& 83171 €tk 7 474 G
ol FAo] Al HetEE BAAQ FA Hle ofF
o7 e, I FEE AHske 712AEA DAl
= Bxx|9) AA1 3 £4 2 B2y} sl

A §37] s20le] B BEAS} Ui 7 2
A 48 PIEM) BEAS 5P Yo
FIEB) A YA RAH $A 0% A4 2

9] 40| 7}53tk K 12, Fg 138 37]9 &
Alst it 8759 4 A4S BAFT o

a2 71 A eAel 29E F9e Vs A
T 97 % RM&S 875 59 #9 8759 ¥
371 4% A% 27 Q% HiEko 2 A1 e

e A9 EEEY 3 T8 F2E)Y A 7
2 292 wEo 2 ARAR Tl B4, 07E B
g 3 23 477} o|odlr

£5000

50200 ey = —r—

20060

1060

o

101 102 103 104

(Fig. 12) Ajrcraft Weight Tracking

AN 71E8 A ARA A2E1999 129) / 59



ant. Fuel
O System & Equip.
M propulsion

W Svucture

At A2 A3 A4 A5 AB

{Fig. 13) Aircraft Flyaway Cost Tracking
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371 M g 718 AA AN AATEAA
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o
o2 44 979 8% 2 34 478 +93kank
AANHOE Hgo] 7FseNonallocable) F571) 4

¥ 2 J%e BEd Q7T E A7 geugE o}
B X|(Target Values)E A38l3 2 H-2 HE I3}

Aom, 7} 715 &3o| 7FseHAllocable) AlF B
MA 279 RM&S &7, 131 837 B4 2
3 7}2(Fyaway Cost) 59 A7 87 34 §5
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