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Lxx C¥i )»am, 1ly 11: 7RSOL J#qj ?266A3+5 82020 &KHQJ & =KDR
:DQJ < 4 HW DO 11: 7RS9L] YLVXDOL]DWLRQ DQDO\VLV VA\VWHP IRU IOR

ISTRONAUTICAA3INAICA

HCe T66C6 P99 1y P1 PNp#NWEP@ j :}JEY& ¥ 8 OF ILX <

+XDQJ ; < =KDQJ 0 0 HW DO 8SSHU FRPSXWHU VRIWZDUH IRU KLJK DQJ
Pi P ZLQG WXQQHO /RDNANCEA)NDUSTRYAIUTOMATION

Ho7 EILd :B: Q ~FONp#N'D@>5 ‘AAN -Lb J*(x/n GU /LX = & /LDR '; 'RQJ <

$HURG\QDPLF DQG VWUXFWXUDO GHVLJQ IRU ORZ VSHHG DQG KLJK VSH

,QGXVWU\ 3UHVV %HLMLQJ
% Cle ~-£ @ j 1y 5% -0"D @ E "M'BPY%7-EG ..C»16A 0*DGE--0 i

6XQ = ; /L : - 7DQJ =* HW DO 7KH FDSDELOLW\ Rl DHURG\QDPLF JURXQ
GHYHORSPHQW WUHQG DQDO\VLV ICTAAIERODYNAMICAA3INICA i
» _5i =9“C Np#NAIAN 1*6 G U8Z02—-L' *(x/n GU :DQJ = < :X 5/ 'LQG WXQQHO
GHVLJQ SULQFLSOH %HLMLQJ $HURQDXWLFV &ROOHJH 3UHVV %HLMLQJ
Pcu A« BR>0O 1y W»~FONp#NNnAj ' .Df ¥ 8 @F =KDQJ ' - ;X - <

:LH O : HW DO '"HYHORSPHQW RI WDLO VXSSRUW PHFKDQLVP IRU ODUJH O
JNDUSTRYAIUTOMATION

H) - 5%-"j(Np#N],~ 3, 93+5 82030 —° _ =KDQ 3 * 3,9 VIVWHP LQ
QDWLRQDO IXO0O VFDOH DHURG\QDPLFV FRPSOHRRUBEHNDEDGY'ERONAUTICAL/
P>- @+ - 1y nEce 06, jNp#NB P¥%5,F 8202 -0 =KDQJ : * 7DQJ 0 :X

- HW DO 2YHUYLHZ Rl ZLQG WXQQHO WHVW UHVHDUFK RQ WLOWURWRU D
3INICA
$FUHH & : -U $VVHVVPHQW RI -9; SURSURWRU SHUIRUPDQFH GDWD LQ Ki
FRQGLWLRQV 1%6% 70
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$FUHH & : 6KHLNPDQ $/ 1RUPDQ 7 5 +LJK VSHHG ZLQG WXQQHO WHVWYV
WKH WLOWURWRU WHVW ULJ 9HUWLFDO )4 JKIW KERFEEFQ RW\ W S@/BE\ $QQXDO )RUX
$XVWLQ ' 2 3HWHU $ & 1RUPDQ : 6 +RYHU YDOLGDWLRQ DQG DFRXVWLF
1$6% 70+ +

$VNLQV 3 $ =HOO 3 7 5RVV - & $HURG\QDPLF GHFHOHUDWRU WHVWL
DHURG\QDPLFV FRPSOH] WK $HURG\QDPLF '"HFHOHUDWRU 6\VWHPV 7THFKQRO|
%HGU]JKLWVN\ (, 5RXNDYHWYV 9 3 +LVWRULFDO UHYLHZ RI WKH FUHDWLRC
WHVW IDFLOLWLHYV DW 7V$*, 1%$72 $*$5' 572

%RHWWFKHU . /HKU & $XULFK ' HW DO OHWKRGRORJ\ IRU UHDO WLP

DXJPHQWHG UHDOLW\ ODERUDWRU\ H[SHULPHQW LQ D ZLQG WXQQHO WK |,
(QILQHHULQJ DQG 9LUWXDO ,QVWUXPHQWDWLRQ

&DOLIDQR 1 OXUDNDPL ' " ORFDOL]DWLRQ RI GHIHFWV LQ IDFLOLW\ LQVS]
5HFHQW $GYDQFHV LQ 5RERWLFV

&KHUQ\VKHY 6 / 7R WKH " DQQLYHUVDU\ RI 7V$*, 4S!I'YA3SCIENCEA*OURN
&OLIWRQ + : 1DWKDQ - % 3DXO 7 6 HW DO $HURDFRXVWLF VWXG\ RI D
%RHLQJ ZLQJ LQ WKH 1$6$ $PHV E\ IRRW ZLQG WXQQHO 1%$6%$ 73+
&ROLQ 3 % 'UHZ / JURP WKH E\  WR WKH ODQJOH\ IXOO VFDOH WXQQHC
&RUVLJOLD 9 5 6FKZLQG 5 * &KLJLHU 1 $ 5DSLG VFDQQLQJ WKUHH GLPH
VXUYH\V IRU ZLQJ WLS YRUWLFHV LQ WKH $PHV E\ IRRW ZLQG WXQQHO !)
'DWWD $ <HR + 1RUPDQ 7 5 (ISHULPHQWDO LQYHVWLJDWLRQ DQG IXQGDF
VFDOH VORZHG URWRU DW KLJK DGYDQFH UDWLRV *OURNALAOFATHEA!MERICA
'DYLG * 7HVWV RI WKH 1RUWKURS :% PLVVLOH LQ WKH $PHV E\ IRR
6%

'DYLG * . 5LFKDUG . * ODUN : . )XOO VFDOH ZLQG WXQQHO LQYHVWLJL
FKDUDFWHULVWLFV RI D WLOWLQJ URWRU FRQYHUWLSODQH 1

'DYLG 3 -HDQ 6 &KULVWLDQ -/ HW DO '"HVLJQ RI D YLUWXDO ZLQG WXQC
6FLWHFK JRUXP

'"HQQLV 2 0 7HUUHQFH $ 7 $OH[DQGHU ) 0 HW DO (IHHFW RI WKH SURSRVH
ZLQG WXQQHO $Q DVVHVVPHQW RI DOWHUQDWLYHV )$!'AOAPER

(GJDU 5 ( $Q /'9 LQYHVWLIJDWLRQ RI VXSSRUW VWUXFWXUH LQIOXHQFH RQ
D 6729/ FRQILJIXUDWLRQ LQ KRYHU ODVWHU RI VFLHQFH LQ DHURQDXWLF
SRVWJUDGXDWH VFKRRO VHSWHPEHU

(GZDUG 7 6 /DXUD . . -DPHV 7 + OHDVXUHPHQWYVY Rl SDUDFKXWH G\QDPL!
ZLQG WXQQHO E\ VWHUHR SKRWRJUDPPHWU\ $HURG\QDPLF OHDVXUHPH
7HVWLQJ &RQIHUHQFH

JHONHU ) ) <RXQJ / $ 6LIJQRU ' % 3HUIRUPDQFH DQG ORDGV GDWD IURP
DGYDQFHG WHFKQRORJ\ ;9 URWRU 1$6%$ 70

*RXOGLQJ 3 : 1\NDPS & 0 7KH SDWK WR PDUV UXQV WKURXJK WKH QDWLF
FRPSOH[ $,$$ 6&,7(&+ )2580

*RXOGLQJ 3 : 1\NDPS & 0 /XNDFRYLF . 6 HW DO '"HYHORSPHQW RI D UDLC
WKH QDWLRQDO IXO0 VFDOH DHURG\QDPLFV FRPSOH] E\ IRRW ZLQG WXQ
75

*RXOGLQJ 3 : 7XSLV $ 5 'HYHORSLQJ D VHPL VSDQ ZDOO LQWHUIHUHQF!
QDWLRQDO IXO0 VFDOH DHURG\QDPLFV FRPSOH[ E\ IRRW ZLQG WXQQHO

$HURVSDFH 6FLHQFHYV OHHWLQJ
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+LFENV % $('& H[SHUW WDNHV KRPH $,$%$ KRQRUV $UQROG $LU )RUFH %DVH
+XQW 5 6DFFR - $FWLYDWLRQ DQG RSHUDWLRQ RI WKH QDWLRQDO IX0OO0O
-DPHV + 6 1DWDVKD / 6 %HQQ\ . & $HURDFRXVWLF PHDVXUHPHQWYV IU

DFRXVWLF URWRUSURS WHVW $$57 LQ WKH QDWLRQDO IXOO VFDOH DHURG\(
ZLQG WXQQHO 7KH 9HUWLFDO )OLJKW 6RBRFLHRMKOR ORIK $YSRODO )RUXP

-RKDQQHV 0 $ $QDO\VLV Rl FDOLEUDWLRQ GDWD IRU WKH PXOWL FRPSRQ

1)$& ODUJH URWRU WHVW DSSDUDWXV $,$%$

-RKQ 3 & JUHH DQG VHPL IUHH PRGHO IOLJKW WHVWLQJ WHFKQLTXHV XVt

VWDELOLW\ DQG FRQWURO 1$6$ 70

-RVHSK 5 & &DYH RI WKH ZLQGV WKH UHPDUNDEOH KLVWRU\ RI WKH /I

1$6% 63

.HOO\ 0 : /DUJH VFDOH ZLQG WXQQHO VWXGLHV RI VHYHUDO 972/ W\SHV 1

HQQHWK : 0 7KH ZRUOGYV ODUJHVW ZLQG WXQQHOV WKHLU KLVWRU\ F

LPSRUWDQFH WR IOLJKW $ KLVWRU\ Rl WKH 1$6$% $PHV E\ IRRW DQG

1$6% 63

.HQQHWK : 0 3DXO 7 6 :LOOLDP 7 ( ,PSURYLQJ ODUJH VFDOH WHVWLQJ FD

E\ IW ZLQG WXQQHO * AIIRCRAFT

.UHVKRFN $ 5 7KRUQEXUJK 5 3 *URXQG YLEUDWLRQ WHVWLQJ RI WKH 7

WHVWEHG 1$6$ 70i

/IDUU\ $ < 7LOW URWRU DHURDFRXVWLF PRGHO 75%$0 $ QHZ URWRUF

,QWHUQDWLRQDO OHHWLQJ RQ $GYDQFHG 5RWRUFUDIW 7HFKQRORJ\ DQG 'LVD\

/DUU\ $ 0 .HYLQ ' - )XOO VFDOH KLJK DQJOH RI DWWDFN WHVWV RI DQ ) $

/IDXUD . . -XVWLQ / $0DQ & 3KRWRJUDPPHWU\ RI D K\SHUVRQLF LQIODWI

$.%%

IDXUHQ 1 : +DQQDK 7' 8SZLQG EXLOGLQJV HIIHFWV RQ WHVW VHFWLRQ S
IRRW ZLQG WXQQHO $,$% 6FL7HFK )RUXP

/RZUDQFH 5 . OH\HU 5 ° 'LVWULEXWHG GDWD V\WVWHP IRU WKH QDWLRQDO |

ZLQG WXQQHOV $,$$%

IXNDFRYLF . 6 6D\OHV ( / 6XPPDU\ Rl WKH QDWLRQDO IXO0 VFDOH DHURG

ZLQG WXQQHO IORZ FKDUDFWHUL]DWLRQ VWXG\ PHWKRGV DQG UHVXOWV $,$$

ODUWLQ ' 0 'HPR - * 'DQLHO & 7KH KLVWRU\ RI WKH ;9 WLOW URWRU

FRQFHSW WR IOLJKW 1$6$ 63

ODVDWDUR $ 6KRKHL 0 <XWD 6 HW DO $HURHODVWLF &50 +/ ZLQG WXQQ

YDOLGDWLRQ VWXG\ RQ VWDOO VSHHG GHWHUPLQDWLRQ E\ DQDO\VLVY ORGHO

OHJDQ 6 0 )XOO VSDQ WLOWURWRU DHURDFRXVWLF PRGHO )6 75%$0 R

$PHULFDQ +HOLFRSWHU 6RFLHW\ $HURG\QDPLFV $FRXVWLFV DQG 7HVW DQC
OHHWLQJ

1IDWDVKD / 6 &DUORV 0 $FRXVWLF WHVWLQJ RI WKH WLOWURWRU W|
DHURG\QDPLFV FRPSOH] E\ IRRW ZLQG WXQQHO $5& ( '$$ 71

1DWDVKD / 6 /DXUHQ : -HUHP\ - % HW DO $FRXVWLF WHVWLQJ RI WKH
QDWLRQDO IXO0O VFDOH DHURG\QDPLFV FRPSOH] E\ IRRW ZLQG WXQQHO
1DWKDQ - % :LOOLDP & + $FRXVWLF VXUYH\V RI D VFDOHG PRGHO &(672/
DQG IRUZDUG VSHHG FRQGLWLRQV $,$%

1IDWKDQ - % :LOOLDP & + .HYLQ 5 ( 3KDVHG DFRXVWLF DUUD\ PHDVXUHPHI
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ERG\ DLUFUDIW )NTERNATIONALA*OURNALAOFAIEROACOUSTICS + +

1RUPDQ 7 5 +HLQHFN - 7 G6FKDLUHU ( 7 HW DO YXQGDPHQWDO WH

&RPSUHKHQVLYH PHDVXUHPHQWYV IRU &)' YDOLGDWLRQ 1

1RUWKUXS & - 5SHSODFHPHQW SODQ IRU WKH IDQ EODGHV RQ WKH ZLQG

VFDOH DHURG\QDPLFV FRPSOH[ $,$$ 6&,7(&+ )2580

1\NDPS & 0 %DUWRZ : % *RXOGLQJ 3 : HW DO &RPSXWDWLRQDO DVVHVV

IRU ODUJH SDUDFKXWH WHVWLQJ LQ WKH QDWLRQDO IXOO VFDOH DHURG\QD]

$,$$ SYLDWLRQ JRUXP

3DX0O 7 6 6WHSKHQ & 1 'LUHFWLRQDO PLFURSKRQH DUUD\ IRU DFRXVWLF

IIRCRAFT

3DWULFN : * &KULVWRSKHU 01 ([SDQGLQJ WKH ZDOO LQWHUIHUHQFH HIIHFW |

IXOO VFDOH DHURG\QDPLFV FRPSOH] E\ IRRW ZLQG WXQQHO IRU VHPL V
$,$$ $HURVSDFH 6FLHQFHV OHHWLQJ

3HWHU 7 = 3HUIRUPDQFH DQG WHVW VHFWLRQ IORZ FKDUDFWHULVWLFV F

FRPSOH] E\ IRRW ZLQG WXQQHO 1%$6%$ 7THFKQLFDO OHPRUDQGXP

3HWHU 7 = 3HUIRUPDQFH DQG WHVW VHFWLRQ IORZ FKDUDFWHULVWLFV F

FRPSOH] E\ IRRW ZLQG WXQQHO 1$6%$ 7THFKQLFDO OHPRUDQGXP

5DOSK / 0 7HVWV RI D QRUWKURS ;660 $ PLVVLOH LQ WKH DPHV E\

DQG FRQWURO 1%$&$ 50 6%

SREHUW 1 5RKLW - -HQQLIHU $ HW DO +9$% URWRU KRYHU FRPSXWDWL

VWXG\ XVLQJ 29(5)/2: DQG +3&03 &5($7(E $9 KHOLRV $,$$ 6FLWHFK YRUXP

5RKLW - (IITHFW RI IDFLOLW\ ZDOOV DQG EODGH DHURHODVWLFLW\ RQ 363
$,$$ $HURVSDFH 6FLHQFHV OHHWLQJ

5RKLW - &)' &6' SUH WHVW KRYHU SUHGLFWLRQV YDOLGDWLRQ IRU WKH +¢

JRUXP

5RVH 0 & .DPEL] 6 -DVRQ 2 HW DO '2(1V HIIRUW WR UHGXFH WUXFN DHU

H[SHULPHQWYV DQG FRPSXWDWLRQV 6DH 7HFKQLFDO 3DSHU 6HULHV

5RVVRZ 9 - )RQJ 5. :ULJKW 0 6 HW DO 9RUWH[ ZDNHV Rl WZR WUDQVSR

IRRW ZLQG WXQQHO *OURNALAOFA!IIRCRAFT ODUFK $SULO

6DUDK & OXOWLURWRU WHVW EHG ORDG DQG VWUHVV DQDO\VLV 1$6% 70+

6FKUHFN 5RELQVRQ 0 8QVWHDGLQHVV LQ +$:7 EODGH DHURG\QDPLF IRU

GXULQJ URWDWLRQDO DXJPHQWDWLRQ 6 $,$$

BWHSKHQ / 'UHZ / -HIIUH\ - HW DO 3HUIRUPDQFH DXWRPRWLYH DSSOLFD

LQ WKH ODQJOH\ IXOO VFDOH WXQQHO 3URFHHGLQJV RI WKH 6$( ORWRU

(I[KLELWLRQ

YDQ $NHQ - 0 <DQJ / 'HYHORSPHQW RI D QHZ VWDWH RI WKH DUW GDW

QDWLRQDO IXOO VFDOH DHURG\QDPLFV FRPSOH[ ZLQG WXQQHOV $,$%

'DQJ 6 3HUHLUD / 7 5DJQL ' '"HVLJQ H[SORUDWLRQ RI 8%0 YHKLFOHV

4ECHNOLOGY

'DUPEURGW : 6PLWK & $ -RKQVRQ : S5RWRUFUDIW UHVHDUFK WHVWLQ

DHURG\QDPLFV FRPSOH[ DW 1$6$ DPHV UHVHDUFK FHQWHU 1$6% 70

(CS +5F : ~ &#E)
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$ UHYLHZ RI FRQVWUXFWLRQ DQG WHVW RSHU
VFDOH ORZ VSHHG ZLQG WXQQHOV RYHU\

Ny=Se$sBABY~ p=1S]YZb,$% NySG,t"$s? J<eWSNz zt!
<VWpSFZtjBt ! *=vWS0OZ $t ¢

iS]B8}Z s $BtsjSV,,Blkts8${RSytR $ Z , S]Y$tsSV,,Blkts8${RSi,R,s,{YSstIS"
$stkst S7T${YZstSE1d((( S]Y$ts

'SNBbS7},,ISV,,BIkts8${RSytR $ Z , S]Y$tsSV,,Blkts8${RSi,R,s,{YSstIS*,
$stkst S7T${YZstSELd((( S]Y$ts

$EVWUDFW qY,S{BtR ,Z{ $BtSAs{, ,BZtISBP S Y,,,SPZjjSR{sj, SjBb SR},,I Sb
7 s RSstISIiZRR$sS$RSA,$,PjkS$t ,BI1Z{,l SqY,t S,8}YsR$RSBtS ,R RS},,PB,
}.,R,t .1 S$t{jZzI$t S ,R SB},,s $BtS8BI, S ,R S8BI,jS k},R S ,R S ,{YtBjB $,R
LR S ,{Yt$JZ,RSBPS Y,SPZjjSR{sj,Sb$tIS Ztt,j SqY,SPZ Z,,S1,%,jB}8,t S ,,t
{Bt{jzI1,l Si,R,s,{YS,,RZj RSRYBbS Ys S Y,S{BtR ,Z{ $BtSt,,ISBPSPZjjSR{sj,®
s ,ISP,B8Sjs, ,S8BI,jSs,,Blkts8%{S ,R SstISRB8,S,,js ,IS ,{YtBjB kSI,%,jB}8,
}».B{,RR S8B,,SR},{$sjSs ,t $BtRSs,,S}s$IS BS Y,S$tR sjjs $BtSBPS%,,kSjs
R SPs$jZ,, SqY,S8BI,jRS ,R ,IS$tSPZjjSR{sj,Sb$tlS Ztt,jS8s$tjkS$t{jZI,Ss
stls,t,, kS$tP,sR ,Z{ Z,,R SVII$ $Btsjjk SPZtls8,t sjSs,,Blkts8%${S},BAj,8SRZ
${StB$R,S{stSsjRBSA,S,,RBj%,IS$tSRZ{YS,$tISBPSb$tlS Ztt,j SVRSPs,Ss]
{Bt%,t $BtsjS8,sRZ,,8,t S8, YBISRZ{YSsRSPB,{,SAsjst{, S},,RRZ,,S ,stRI1Z{,,
.. S{stSA,SZR,I S B,,S$8}B, st jk SR},{$sjS ,R S ,{Yt$JZ,RSI,%,jB},ISPB,SP
s}}s,s ZR S ,R SA,t{Y,RSb$ YS%,,kSjs, ,Sst j, SBPSs s{, S8BI,jSP,,,SPj$ Y
B} ${sjS8,sRZ,,8,t SstISAsISb,s Y,,SR$8Zjs $BtSPs{$j$ kSs,,SsjRBSA,,tSI,R]
8,t S ,,tISBPS ,R S ,{Yt$JZ,S$SRSBA s$t,| S$t{jZI$t S B$t SsjBt SsSI1$,,{ $BtS
}..{$R$Bt S{BB8AStSt SstISZ $j$9%t S%s,$BZRS ,R S8, YBIR S,tsAj$t SI1,%,jB}
$t , ,s $t S8Zj $I$SR{$}j$t, S,,R,s,{Y SI,%,jB}$t S%$, Zsj Sstl SsZ 8,t ,1 S,,s]]
,tj$ Y ,t8,t RSstl SRZ ,R $BtR Ss,,S}Z SPB,bs,l SRZ{Y SsR SI,%,jB}$t S ,R
AZS$jI$t S},BP,RR$Bts|jS,-},,$8,t sjSR stl SstISY$ Yj$ Y $t S Y,Ssl%st s ,RS
8,sRz,,8,t R

.H\ZRUGV PZjjSR{sj,SjBb SR},,ISb$tl S ztt,j S{BtR ,z{ $BtSAs{, ,BZtl S ,R
8BI1,j S ,R S ,{Yt$JZ, SI,%,jB}8,t S ,,tI

i,{,$%,1US1S7,} ,8A,,S1(1x Ss{{,} ,IUS;S!I{ BA,,S1(1x SBtj$t,USES*,{,8A,,S1(1x
~1SeT8s$jUS1Mnn(dl noJJ {B8
EIL(1ES &8#0%'5S+0S '%*#0+%5
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