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The Development of the Rotorcraft Multidisciplinary Design Optimization
Framework and Conceptual Design Using the KHP-SDM RMDO
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Dong-Ho Lee** and Chan-Woo Park**

ABSTRACT

This paper dealt with the development of the Framework for Multidisciplinary
Design Optimization for the rotorcraft design concept and the building proces of
KHP(Korea Helicopter Project) - SDM(Simulation Data Management) system to manage
various analysis data, which are used in the rotorcraft development phase. KHP-SDM
RMDO(Rotorcraft Multidisciplinary Design Optimization) framework, which applied
optimization modules of KHP-SDM and integrated the developed Multidisciplinary
analysis modules, was constructed in the KHP-SDM. The results of the rotorcraft
conceptual design using KHP-SDM RMDO showed that the framework was evaluated
to be successfully constructed.
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Normal Forece:

dFy = dLcos¢ — dDsing 1
Drag Force:

dFy = dLsing+dDcosg 2
Thrust:

dT= NdFy ®)
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Table 2. 22,000 [b&2l #a2/EFH HdAZ 1 HW

. . Designed
Configuration S-70A E
Case
‘ Radius 26.84 26.44
Main Chord 173 1.90
Rotor
Tip Speed 725 738.68
; Radius 55 54
Tl Chord 081 0.74
Rotor
Tip Speed 685 732.38
Fuselage Length 50.75 50.92
Gross Weight 22,000 22,152
Weight Empty Weight 11,744 11,773
Fuel Weight 2,338 2,380
Range [nm] 248 235
Endurance [hr] 2.69 2.40
Rate of Climb [ft/min] 2,250 2,260
Cost [1000$, CAC100] - 2,364
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h=h q_l:l‘: o]: %;;—ﬂ]_ ﬂ ;ﬁ ;‘\_g 7:" 3T a] %1 = 7] w Oﬂ - Segment#l: Take-off/Climbing

%] -8-3l= Genetic Algorithms(GENOCOP)°] tfj 5}
o]  Global Optimization Test Function(Beale
Function)& ol &3t AZaich. Anr} Heal
Zgte RS o F ATk
® Definition:
flz)=05—z,+2,2,)*+(2.25—1,
24+(2.625 —a, +x,23)?
® Search domain:
—4.5 <z, < 4.5,
® Global Minimum:
=3, 2,=05, f(z)
® GENOCOP A%
r, =2.999999761581, z, =0.499999940395,

+m1.1:§)
1=1,2

(AL%=:0 ft — 4000 ft, “¢<5E:1000ft/ min)
- Segment#2: Level Flight

(L=:4000 ft, 4 %:132knots, 7 2]:200nm)
- Segment#3: Reserve Fuel

(AL%:4000 ft, % =:132knots, Bl A 7H20%F)
- Segment#4: Descent / Landing

(L%=: 4000 ft — O ft, 8F73-&:1000ft/ min)
2.24.3.1 4742 AAHS a4

A7 W= Main Rotord] 3742 Uehll= 4
Mol Wz PN er HYE Table 33 2
th 7t A7) Mo 2713 S70A] A 7]
Z3FATH13].

Table 404 470 AW gt HH 3} 2
Fob AT ol e HH s AHE HoAFE
Gross Weight #43slE £4o3 HAAHE F+3

At 22

-

f(x) =0.00000000 Shole i
0043 SlM U HNHDES AH HZ } u] Rotor Blade®] = 7](Radius, Chord)7}
aEte weko g HZAZ o AtkxzHo
Mg siM REsd A3} BE 9AE 2 Fo]n Endurance, Range & 2 o7} ¢l
Els 4%4 oH“ Aas ATtk A 58S 9o}, Rate of ClimbeE FAEE A7 U
a4 =% HA3 g QA5 T HAA A g =x34es Hasdn BA6 Aotz
4 7347} ol ARt A ASE w2 2 g Ho]-Z] o= M7 W4E Anz dol HAG
e AEShEA W SRS M= 7S 7 2 28sidd. sl W (population) ] 4ol wE
Az Bestdn. d%e 98 o|EFE Yol
22,000 Ib 7] HLREE 7HA= LFHE o Table 3. A (4) &4
23} 2e YRE FYHES Sk
o Hx3 LA 7A Design Variables Min Intial Max
- j}i %;};’,;— I];/Iinimization Gross Weight '\;L;rgiesr 5 1?47 261.‘8 7 32(.32 1
- Alefz=3 : Endurance > 2.412(hr) Chord 138 173 508
Range > 234.664(nm) Twist Angle 216 | -18 | -144
Rate of Climb > 2990(fpm)
Table 4. =& MA AT (MHAHS: 4)
Design Variables Initial Opt(13) Opt(25) Opt(50) Opt(100)
Number 4 3 3 3 3
Radius 26.84 24.89 24.49 23.87 24.25
Chord 1.73 1.384 1.384 1.421 1.425
Twist Angle -18 -19.81 -17.46 -20.9 -15.34
Output Initial Opt(13) Opt(25) Opt(50) Opt(100)
Endurance 2412 2.436 2.425 2413 2414
Range 234.66 238.33 239.25 239.81 240.04
Rate of Climb 2,990 4,980 4,630 4,320 4,160
Cost ($) 2,243,729 1,835,602 1,817,782 1,797,570 1,821,138
Gross Weight 21,825 19,241 19,145 19,033 19,178
Running Time(Sec) - 4,001 6,268 9,040 13,810
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23] g E ARE A7 HHEAES AFHREI] Evaluationo 2 HAHIE FA3tH o, A3 A
A3 ST 47k 13, 25, 50, 10091 459 #H e AA HE9 F7F ) A9 oF 3w A
232 Fystgoen, 509 A A 2L A3 m= A7F v]Lo] A =784
2 A2 4 3Jth Evaluation 59 A|eko] A= o .

== T MA T = A _ o 25 =l & |
Ao, sATe 2l mchn sAH woa Eo 2.3 KH_P SDM RMDOS o|&3st 35 H™e
A%E wgsA gt o A & & A SlAA N EA

=3 2 2.3.1 KHP-SDM RMDO =& g3 &

Rotore] &3}
Horizontal /Vertical Stabilizer Arm< 87]2] W<
2 FAsHer WYE Table 59 2t} 8719
AA Ao th3t Z3= Table 63 ZTh Main
Rotor®] Z7](Radius, Chord)¥ Z7}sh= Wako
2, Tail Rotor®] Radius® 74, Chorde= 713}
= WEgez HAHN} FYHAG. EHFE
Gross Weighte & 10% A% TAstior,
Range, Rate of Climbve ZF7F=E ot A7l WS
o 7t Wl ARAA 7 L AHRE A

g PG £ 50/ 7R 10039
Table 5. AA H(8)2 #H <
Design Variables Min Intial Max

M/R Radius 21.152 | 26.84 | 31.728
M/R Chord 1.5208 | 1.73 | 2.2812
M/R Twist Angle -216 | -180 | -144
T/R Radius 43008 | 5.376 | 6.4512
T/R Chord 0.592 0.74 0.888
T/R Arm 25.6 32.0 38.4
Horizontal
Stability Arm 22.64 28.3 33.96
Vertical 24672 | 30.84 | 37.008
Stability Arm ' ) )

Table 6. =& MAH Z (A HS:8)

Design Variables Baseline | Optimum
M/R Radius 26.84 27.42
M/R Chord 1.73 1.95

M/R Twist Angle -18.0 -18.97
T/R Radius 5.376 498
T/R Chord 0.74 0.87

T/R Arm 32.0 32.62

Horizontal Stabilizer 083 3311

Arm
Vertical Stabilizer 30,84 3075
Arm

Output Variables Baseline | Optimum
Gross Weight 22,000 19,731
Endurance 2412 2.424

Range 234.66 240.29
Rate of Climb 2,990 4670

KHP-SDM¢] 7fdt A2ZEgo] iSIGHT-FD&
8 TRorEH HAHHA AZEYo] oH
iSIGHT-FD9] Simcode ¥ 323} &S &3}
o AL 4 ZES KHP-SDM Ao 5§ 3}
o  KHP-SDM RMDO(KHPSDM  Rotorcraft
Multidisciplinary Design Optimization) Z#|¢]$]=
£ FZ3¢tt. KHP-SDM RMDO 2Z# ¢34
A+ SIGHT-FDU 9] theket A3 RES H&
& & w2 A a9t Fig. 78 KHP-SDM
RMDO Z#dg= AEd== vebdoh
232 3|Mo HlHH MM

KHP-SDM RMDO Z#HJHIE o] &3t 3
A vgA NEgEAE FIsIY. Y =E
2 HH3g BE AA @Sl AHEHE HHF A4

KHP-SDM
ROTORCRAFT OPTIMIZATION
ANALYSIS MODULE MODULE
¥—o = 5o
( USER INTERFACE >

Fig. 7. KHP-SDM RMOO =& g3 /2=

Table 7. RMDOZ| & M A (MAH=: 4)

Design Variables Initial RMDO Opt
Number 4 3
Radius 26.84 23.699
Chord 1.73 1.432

Twist Angle -18 -19.245
Output Initial RMDO Opt
Endurance 2412 2417
Range 234.66 242.066
Rate of Climb 2,990 4160
Cost ($) 2,243,729 -
Gross Weight 21,825 19,140
Running Time(Sec) - 64,800
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