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2%E 5 | B 5 ERATHBN "RUERTERSHER" €F , ZTFF
AENACERERIERMERE (Eik ) LHEISR  BRETR (E1R)
AORS X ELAR R T RSEREIFE IERIERS ( BIOME ) BE SIS SEIFES
H  XFENEFREEELTE  IRRTMTHRNETRXE , KRS T FEE
Btk
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5 S SRR

EZZI A RNER T ESEEHLMIKNBIRA "B | MiEsUEREs. /l
BRGL. SHERSENREERSFUNRECFRIEERIEH  ALAE
JiZSIoETM fRE . i, ERATEHABTHEXRER , LUHAFEEYK
ferkas. RIEERESk. SRR EERES TR QLR REmsIm.

(2). "l fESUERizR




B MESEAR ISR RN XIRE T B RXAE Bixfssudn X{AaI AT IE
BRI, B MESERNBERIEHEMR  SERATEMNZIAMGR THEX
=218

SEE 6, B 6 JERABHBENEGERAOREFEEE ( Electronic devic
e with display apertures ) &€Fl , EZER+F , GF=HET (R RE ) 98
IR PR RE S NI AVENFUZRES | /L@ | LAERI T8
MARIEF TR LB SUE RS T IR TR B X A St 1T T, BT
AR | TSR R PR EIRSURN KX , BAEIIFES B , ST

BERHFXRIRRD P .

6 F TSR AN

( 3) HftimhaereirImE



AN PR ENE T A= EERIIIRE TSR AR IR T IXEETIRET
HAMERE | BEEGL SEERSMETERE, Hb  siEREGELZH
TLHEAINEE  SEERSGNZSATINFESESMNATINGE  MEEHRE
RIUZ AT BN SEIARIRBIFINRE.

0B 7 (3ERATHBR "BaEIRESEE TF) frs  SERAFEMN
iPhone X LIk , EARIERSIEERERO (notch ) RIS TUNE LiAHE
TRETTH |

BRFROMNFE SEROBNNERXESENAHSHEHERKIRHEE
BRAER  XATRESHNROFNNERTXSEMERXNETSH ( SE. &
5% ) ARRYIER  HMEMBER "B R Wx  BIHEERD—ENF
Bt TiM=. TR F | ERATETREUNRBEIRES | AR

RHEUEESIMERILIHTIME | LR "B FE" RERE,

El7 "XigRE" HEERME
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RN LA EBROMNNKREATER —EREE LEINT FRRF
htt , BRTFRERFNERRE.

(BRFROXIE ( BMATRA "XUiE" X ) MRAFREHTER , BERAENESE

SERIX—RIRRBTH0H | MRS R—ERSMAASX —TEAIILHE,

Hitt] A T RIX—A R T 283 TA G TR ERI B R G FINEE
g DHIH— 8 NFRIEAAFRRX, flNEE=2 ( Samsung ) XF] ,
HAEEIEAfm Note ZR5IF0 S RYIPRERRB THIFLFEN , 0B 8 i, F+
B "EEEORBERIGEHME FERF |, SizfLREERIRIHE T BiRgm
BT, FEIEHIZR  EIFEPE I7" it , XEoh "BEfl"

"B PSRN, "B BORBIBREIIERE AT AMERERRSNRE
WizE | (MRE—EEREREGERBIRENRIFERNRA | "BfL" HANZ
(REBRESIEMRRIS MRREN ( S oEE ) | (XE "fl" FEXEASIE
EERITERRAEZTE SRR, BiRmsS "Bl SoRZRRT "FL"
ROESCEEYY , BEEFTRIERGFIETHRITE , M 55" FARHSE
REES , BAERE/,
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(4) "MISH" HLER?

N EEATHEL |, Tiek "WisFE" B& "fIfLF" | #MiASEREER
B FaAREVIFEERX |, AFEXEIERRX "R EERXTE , LSRRI

AR TR TR ARIRESNE,

AT ERX—EE , 20E 9 s, BF BXRAT "igmEIV" heikl” "8
HIU" SFHRENEERIRERERG,  XEEWHNHBERERERGLAEER
FIISRESLEREFINER  MEFEERRGLN | BUTREEEGEL
BHHTER  XERSEENAFENRERELREFRERXT | MM
MESTRIERL £, EASTH T HIERN2HEF.

(ERXELHHTHFEFIMNIER G LI | ELEREERX &
ERE., ARAERLERT  ARARENBRIRGIRA | [REAREGL

33 1k 40 7T



SERMHR  SAFHRTARIMERRE, HTXEEERIERA | X
LB ERAEE.

9 (HRARTURSSLELRITEA

(5) BE-2EHR

27 "M "BHEI FEERNARRE  FERRETT B ER
TRELMF MERSRFHEAER. F MRELEF MERSHNESLIBRS
B TMESRIEARBIEL KSEHRBEEERXIZ UL RS EEX
HRIE R , NMisERELSUEREIT TEICREK , EHASIERE T,
BF MRESME MERSHTHEAREEESHEK I EBRLHIRA
HEXTBF ESEHE,

£%E 10, B 10 RETHERT (BOE) . KEHEEF (TIANMA ) | &)

3 ( CSOT ) #4E(SiE ( Visionox ) BXE MEESkER MEREIEPDHEXE
HHE.
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Hep | BB ESHECEERANEEFm LT ( HEEEFNEEF
FRIEECT X A20 ZSVF , BB S/IRERKEA. £r-rIEEEN
BET/IKRMIX 4 ZHVF , 25E 11 ) . MAFRLMRSMEFBHTTE
R m@iEl. N ERATREXERN AR ERLSEBHI TS (1R
TR TEGS (1ER4E ) MEXKBRIER , BRISR MEGL (ERE:) hE
BIEANEME IRy B —EUE R B BRI LU LR

BZ AR, BRR A EEN2EFSI T ZNMERSIT T2 +F ME
NTZ+FEMEGL (EREE ) 12 XET ZHNESBERE N EL T
LHFRNETER. HlINE 2021 F 8 B 10 HAMAYVIK MIX 4 FH ,B&XK
RA7THENBET CUP 2EFRALNEHFERES  NE 11XkE , FRLE
HEE/LFAFEIEETXT,
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3. RACEA T ULIBIMEIRE THRIGL (&SR ) A , iPhone 13 AftA
&R “NiBR" ?

B =T oA LURIR | B MBS MERESRAERA TR/ |
AR iPhone 13 RIIFHNAHAEER "XiBRE" Ve ? £HIAAH
BEFELA N LMRE

(1). BFEEERATHEHN iPhone RFIFHIIRA TEIHRE ( Face
ID ) BYRETITNRE | MX—ThEEE BRI T A GRIREEEISLI |, AIREF e T
EERS T ECRERES | MSEEEHRIRA X LERMERIF TR
&k (1ERER ) BORRYIAIRR,

(2). FFBGL (B8 ) RABRTISHENESR , kREAs  BEER
IHTERE S , —ERE RS T RRAINA., ERAT IR FamEA
AIRMERRE | THE MREEGL (ER:F ) ABRIR MBI RIEERHE
ERATIEK, B, BT HFBAK ( Corona Virus Disease 2019, COVI
D-19 ) iEiBRUIFEIN | RIREFIRIK , MIIHZREENIEES , ERATRE.

T IE4E iPhone 13 RIIFNMAURKENTIE FEIEFISEMARINA |, BIAA
EXRRERAE IR "XIBRE" A TERATRIEIE.

(3). ERAFIREERXEANERERE , B iPhone 13 RFIFHANE
EFRMENE (=2, LG Display, &7 ) WARBRANEHFRFREL™
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AT REFEREHEFRAASIFEENNXR SRR ERZE FRA

ERATE iR BARKHoBAPEZNERT  (BRERFRET "XiE
B’ . #EM iPhone 13 RIIFHERH—ELIG | (AFE "L . 18
B AEISEAIENERFST "XiBRE" NEZENALTEREKE.

e BT TIFEERATNEESH (BE+=54 ) iRARBZARRIFER
5, BRRENEREFEEIRBERERADITHENME | RIBRHATHELE.

(R #Hx]

jﬂi& ) S : ,U_'

/mf_w 4

CRIRPI] EE RS LT REAR TR, BB WHLRK 20 FRerlki s

BT, WE A TR T AR, W R B LA R R . TR A Hmi R K
AR AR T, H2 BB E € R EE, R s WL ARE A k. (H 2

XA B SRR, B RSN L — B SEB, SR — kR I, R R —
AT TR

P A m R AL A BAL T R KALR A o B Ty 58, B F R A rhom i B B e T —

2 38 U3t 40 1



T HEREI T R, WEORE, BRI AR e

a2 United States Patent

Tillotson

US 11,124,314 B2
Sep. 21, 2021

(10) Patent No.:
(45) Date of Patent:

(54)

{1

(M)
(M)

@
(22)

(65)

(51)

(52)

(58)

KT BARMBARNEABIER, BOGBIIAATBL T8 EERNEE TS5 RIRT — 1A

SYSTEMS AND METHODS FOR

TRANSFERRING ELECTRIC POWER TO AN

AIRCRAFT DURING FLIGHT

Applicant: The Boeing Company, Chicago, 1L
(US)

Inventor:  Brian J. Tillotson, Kent, WA (US)

Assignee: The Boeing Company. Chicago, IL
(US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(h) by 723 days.
Appl. No.: 15/951,855
Filed: Apr. 12, 2018

Prior Publication Data

US 2019/0315479 Al Oct. 17, 2019

Int. CI.

B64D 41500 (2006,01)

GO6T 700 (2017.01)

H02G 11702 (2006,01)

GOLY 502 (2010,01)

HO2T 734 (2006.01)

US. CL

CPC e B4y 4140 (2013.01); GOIS 540231

(20013.01): Go6T 797 (2017.01). HO2G 11702
(2013.01 ) HO2T 7342 (2020.01): B64D
2221700 (2013.01)
Field of Classification Search

CPC ... Bo4D 41/00; B64D 2221/00; B64D 39/00;
HO2T 7/342: GO&T 7/97: HO2G 11/02:
GO1S 5/0231; YO2T 90412 YO2T 90/14;
YO2IT MW7072: YO2IT 10/70: Bo4C
2201/066: B64C 39/024; BoOL. 53/36:
B6OL 53/37; BoOL 53/16: B6OL 2260/32;
BGOL 53/57

See application file for complete search history.

(56) References Cited
LS, PATENT DOCUMENTS
2,653,777 A 91953 Barkey
4,678,141 A TI987  Sarrantonio
6,786,455 Bl 92004 Bartov
6,966,525 B1* 112005 Schroeder ... B64D 39/00
2447135 A
7,900,866 B2 3/2011 Kutzmann et al.
8118261 Bl 22012 Schroeder
5,191,828 B2 62012 Lutke et al.
BIOR,028 Bl*  X2013 Speer . Ba4D 39/00
2447135 A
8,459,593 B2 62013 Richardson
8,639,395 B2* 12014 Hudson ... Hi4B 50012
70173
9238414 B2 172016 Ryberg et al.
(Continued)

Primary Examiner — Valentina Xavier

(74) Atrorney, Agent, or Firm
& Broitman P.C.

Ostrager Chong Flaherty

(57) ABSTRACT

Systems and methods for transferring electric power to an
aireraft during flight. Power transfer to the receiver aircralt
is elfected by means of a donor aircraft using a wired
electrical connection. The method for transferring electric
power includes: establishing an electrical connection
belween a receiver aireralt and a donor aireraft during fight;
and transferring electric power from the donor aircraft to the
receiver aircraft via the electrical connection. In one
embodiment, electric power is transferred by way of a power
cable deployed by the donor aircraft, a drogue attached to a
trailing end of the power cable, and a probe mounted to the
fuselage of the receiver aircraft, The probe and drogue are
configured to form an electrical connection when fully

engaged.

21 Claims, 12 Drawing Sheets

AL, R TR AN R IR, BATI T AT LR R 2

%5 39 Tt 40 7T



HLZh KL AT &S S AR AR, FEA LR T I8 AW a8 1 e 3 WL, xf -3 A
RIS OB, RSR 20 42 A SEBL R IRBI R ARH AT, (E2 AL R BRI B R A 20
o WEE IR RINCA T REARSE 2R LAt 1

IR AL M =y R SCAE TR L2

HSLHA TG L E B AR KER], 2 KBURZEBATIEOR, AR R BEOR, 2=din
HLEOR, IR AR AN R, XTI e R RARAS — BUIn (] i AL BT S5 AR AN B B A AR, All
IR TEER

REEFERET HELRXMF, AEAEEIRT B, AT ERERIEHAR AR K
WS T2 MG DLE BT 7 58 G AN R i SRS DRE (1.

IR FE R TR LAy, WRBECE AT TR IEOR, B OA R LA,
SEON T E 2 RIBER E EWT T A RHLEOR, 5 B R TAR MG H ™%, Seexd FA
FHTE FAR BN, AHIRANEE AR U TN BRI AN S SR AR 2 5 1) R EERAX
MER, FEFN T L LEAMRARNER T, WRBEAFE, RO RGP T2

HT I, R8RS RYE.

PRUARZAG LT, HIELA BHLASBE B FE A 584 B HOE I, FFAZ BRI FE 1 — i
EFEOR, (HRBEA BT LUBCE AN, SR 2 BAR B, IR AR B IR L
KERIF TGO, AR FERTIE RIS, SE4ext PARBR REH PE Bk 22 T3, TR HEAT A
JRys XA R LR FE R T LB Eh .

IR, M —ATTTH Y BOR IR AR 2 AR T, A7) e Aok — H4E A f 3l kbl
FIRENE S, AR AL R TC Bl At m] B B LA L B R Sl L A

A AL T RTHE SRS, L0 238 3 L AT R IR AL R R, AN /D gl AR AT WS RO B A
G LA, DU T DA 75 AR B — B 8] o (E & F HE I ALR Z I (a JF A RE R A
HEE, MEEESFHE, B RiEHL LRV RS0 F 1T 2.

[(FE #x]

40

L:H

13t 40

=



