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Box No. I TITLE OF INVJ<:NTJON 

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS 

Box No. II APPLICANT D This person is also inventor 

Name and address: (Family namefollowed hy given name; fora legal entity.full official designation. Telephone No. 
The address must include postal code and name of country. The country oft he address indicated in r his (817) 280-8852 Box is the appbcant 's State (Iha/ is, counlly) of residence !f no State of residence is indicated below.) 

Facsimile No. 

BELL HELICOPTER TEXTRON INC. (817) 280-8878 
P.O. Box 482 Applicant's registration No. with the Office 

Fort Worth, TX 76101 N/A 
United States of America 

E-mail authorization: Marking one of the check-boxes below authorizes the receiving Office, the International Searching Authority, the 
International Bureau and tl1e International Preliminary Examining Authority to use the e-mail address indicated in this Box to send, 
notifications issued in respect of this international application to that e-mail address if those offices are willing lo do so. 
D a~ advance copies followed by paper notifications; or D exclusively in electronic form (no paper notifications will be sent). 

E-mail address: N/ A 
- - -- ----

State (that is, country) of nationality: I bas (thnl is, country) of residence: 
us 
This person is applicant 
for the purposes of: 

□ all designated 
States 

~ all designated States except 
the United States of America 

□ the United States 
of America only 

D the States indicated in 
the Supplemental Box 

Box No. Ill FURTHER APPLICANT(S) Al\"D/OR (FURTHER) 11\"VENTOR(S) 
---------

~ Further applicants and/or (farther) inventors are indicated on a continuation sheet. 

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 

The person identified below is hereby/has been appointed to act on behalf 
of the applicant(s) before the competent International Authorities as: ~ agent □common 

representative 

Name and address: (Pamily name followed by given name;fora legal entity.fill/ offic1al designation. Telephone No. 
The address mus/ include postal code and name of counfly.) (817) 44 7-9955 

WAL TON, James E. 
Facsimile No. 

LAW OFFICES OF JAMES E. WAL TON, PLL.C (817) 447-9954 
1169 N. Burleson Blvd., Suite 107-328 

Agent's registration No. with the Office 
Burleson, Texas 76028 
United States of America 47,245 

E-mail authorization: Marking one of the check-boxes below authorizes the receiving Office, the International Searching Authority, the 
International Bureau and the International Preliminary Examining Authority to use the e-mail address indicated in lhis Box lo send, 
notifications issued in respect of this international application to that e-mail address ifthose offices are willing to do so. 

IZ! as advance copies followed by paper notifications; or D exclusively in electronic form (no paper notifications will be sent). 

E-mail address: jim~waltonpllc.com 
D Address for correspondence: Mark this check-box where no agent or common representative is/ha5 been appointed and the 
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Sheet No. . . .2 ... 

Box No. III FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 

If none of the following sub-boxes is used, this sheet should not be included in the request. 

Name and address: (Family name.follt:7Wed by given name; fora legal entity,.fidl official designation. This person is: 
The address must include postal code and name ofcountry. The country ofthe address indicated m this 
Box is the applicant's State (that is, country) of residence ifno State of residence is indicated below.) 

□ applicant only 
CHRISTENSEN, KEVIN THOMAS 

~ 3905 Branchwood Drive applicant and inventor 

Plano, Texas 75093 □ 
inventor only (if this check-box 

United States of America 
is marked, do not fill in below.) 

Applicant's registration No. with the Office 

N/A 
State (that is, country) of nationality: 

I 
State (that is, country) of residence: 

us us 
This person is applicant D all designated D all designated States except ~ the United States 

□ 
the States indicated in 

for the purposes of: States the United States of America of America only the Supplemental Box 

Name and address: (Family namefollowed by given name; fora legal entity.fall official designatwn. This person is: 
The address must include postal code and name a/country. The country ofthe address indicated in thzs 
Box is the applicant's State (thnt is, country) of residence ifno State C>{ residence is indicated he/ow.) □ applicant only 

SHUE,SHYHPYNGJACK 
IZl applicant and inventor 

2809 Woodland Hills Drive 
Grapevine, Texas 76051 □ 

inventor only (if this check-box 
is marked, do not fill in below.) 

United States of America 
Applicant's registration No. with the Office 

N/A 
State (that is, country) of nationality: 

I 
State (that is, country) of residence: 

us us 
This person is applicant D all designated D all designated States except !ZI the United States 

□ 
the States indicated in 

for the purposes of: States the United States of America of America only the Supplemental Box 

Name and address: (Family name.followed by given nnme; ji.,ra legal entity.full official designation. This person is: 
The address must include postal code and name ofcountly. The country, C>{the address indicated in this 

□ Box is the applicant's State (that is, counllJV ofresidence if no State C>{ residence is zndicated below.) applicant only 
CAUDILL, TROY SHELDON 
6195 Oak Hollow Drive ~ applicant and inventor 

Burleson,Texas76028 □ 
inventor only (if this check-box 

United States of America 
is marked, do not fill in below.) 

Applicant's registration No. with the Office 

N/A 

State (that is, country) ofnationality: I ~~ (thnt is, country) ofresidence: us 
This person is applicant D all designated D all designated States except IZ] the United States 

□ 
the States indicated in 

for the purposes of: States the Uruted States of America of America only the Supplemental Box 

Name and address: (Family namefiillt:7Wed by given name; for a legal entity.full official designation. This person is: 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's Stale (that is, country) C>fresidence if no State a/residence is indicated below.) 

□ applicant only 

□ applicant and inventor 

□ 
inventor only (lf this check-box 
is marked do not fill in below.) 

Applicant's registration No. with the Office 

State (that is, country) of nationality: I State (that is, country) ofresidence: 

This person is applicant D all designated □ all designated States except D the United States 

□ 
the States indicated in 

for the purposes of: States the United States of America of America only the Supplemental Box 

□ Further applicants and/or (further) inventors are indicated on another continuation sheet. 

Form. PCT/RO/101 (continuation sheet) (January 2010) See Notes to the request.form 
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Sheet No ... . 3. 
Box No. V DESIGNATIONS 

The filing of this request constitutes under Rule 4.9(a) the designation of all Contracting States bound by the PCT on the international 
filing date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents. 

However, 

□ DE Germany is not designated for any kind of national protection 

□ JP Japan is not designated for any kind of national protection 

□ KR Republic of Korea is not designated for any kind of national protection 

(The check-boxes above may only be used to exclude (irrevocably) the designations concerned if, at the time offilingor subsequentfcv under 
Rule 26bis. 1, the international application contains in Box No. VI a priority claim to an earlier national application filed in the particular 
State concerned, in order to avoid the ceasing of the effect, under the national lmv, of this earlier national application.) 

Box l'io. VI PRIORITY CLAIM 

The priority of the following earlier application(s) is hereby claimed: 

Filing date Number Where earlier application is: 
of earlier applicatiim of earlier application 

national application: (day/month/year) regional application: international application: 
country or Member regional Office receiving Office 

ofWTO 

item (1) 

item (2) 

item (3) 

□ Further priority claims are indicated in the Supplemental Box. 

□ The International Bureau is requested to obtain from a digital library, a certified copy of the earlier application(s) (if the earlier 
application(s) is available to it from a digital library) identified above as:* 

□ all items □ item (1) □ item (2) □ item (3) □ other, see Supplemental Box 

□ The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s) 
(if the earlier application(s) was filed with the Office which for the purposes of this international application is the receiving 
Office) or to obtain a certified copy of the earlier application(s) from a digital library and transmit a copy ofit to the International 
Bureau (if the earlier applicationM is available to the receiving Office from a digital librwy), identified above as:* 

□ all items □ item (1) □ item (2) □ item (3) □ other, see Supplemental Box 

* Where the certified copy of the earlier application(s) is not stored in a digital library under thenumberofthe earlier application indicated 
above but under the application number of another application which also claims priority from it, indicate that number in the 
supplemental sheet (item 4). 

Restore the right of priority: the receiving Office is requesled lo restore the right of priority for the earlier application(s) identified 
above or in the Supplemental Box as item(s) ( ). (See also the Notes to Box No. Vl; farther 
information must be provided to support a request to restore the right of priority.) 

Incorporation by reference: where an element of the international application referred to in Article 11 ( I )(iii)(d) or (e) or a part of 
the description, claims or drawings referred to in Rule 20.S(a) is not otherwise contained in this international application but is 
completely contained in an earlier application whose priority is claimed on the date on which one or more elements referred to in 
Article l l(l)(iii) were first received by the receiving Office, that element or part is, subject to confirmation under Rule 20.6, 
incorporated by reference in this international application for the purposes of Rule 20.6. 

Box l\o. Vil 1-'ITERNA TIONAL SEARCHING AUTHORITY 

Choice of International Searching Authority (ISA) (if more than one International Searching Authority is competent to cany out the 
international search, indicate the Authority chosen; the two-letter code may be used): 

ISA/ .lJ.?. ................................................................................................ .......... , ... , .. , ... ,. ····················· .......... ········ . . . . . . . . . . . . ..................... 

Form PCT/RO/101 (second sheet) (January 2010) See Notes to the request form 
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Sheet No. . . .4 ... 

Continuation of Box No. VII USE OF RESULTS OF EARLIER SEARCH, REFERENCE TO THAT SEARCH 

□ 
The ISA indicated in Box No. VII is requested to take into account the results of the earlier search(es) indicated below (see also 
Notes to Box VII; use of results of more than one earlier search). 

Filing date (day/month/year) Application Number Country (or regional Office) 

□ 

□ 

Statement (Rule 4.12(ii)): this international application is the same, or substantially the same, as the application in respect of 
which the earlier search was carried out except, where applicable, that it is filed in a different language. 

Availability of documents: the following'documents are available to the ISA in a forn1 and manner acceptable to it and therefore 
do not need to be submitted by the applicant to the ISA (Rule 12bis. l(f)): 

~ 
a copy of the results of the earlier search,* 
a copy of the earlier application, 
a translation of the earlier application into a language which is accepted by the ISA, 
a translation of the results of the earlier search into a language which is accepted by the ISA, 

D a copy of any document cited in the results ofthe earlier search. (If known, please indicate below the document(s) available 
to the ISA): 

D Transmit copy of results of earlier search and other documents (where the earlier search was not carried out by the ISA 
indicated above but by the same Office as that which is acting as the receiving Office): the receiving Office is requested to 
prepare and transmit to the ISA (Rule 12bis. l(c)): 
D a copy of the results of the earlier search,* 
D a copy of the earlier application, 
D a copy of any document cited in the results of the earlier search. 

* Where the results of the earlier search are neither available from a digital library nor transmitted by the receiving Office. the applicant 
is required to submit them to the receiving Office (Rule 12bis. l(a)) (See item 11. in the check-list and also Notes to Box No. VJ!). 

Filing date (day/month/year) Application Number Country (or regional Office) 

□ 

□ 

□ 

Statement (Rule 4.12(ii)): this international application is the same, or substantially the same, as the application in respect of 
which the earlier search was carried out except, where applicable, that it is filed in a different language. 

Availability of documents: the following documents are available to the ISA in a form andmanneracceptableto it and therefore 
do not need to be submitted by the applicant to the ISA (Rule 12bis.l(f)): 
D a copy of the results of the earlier search,* 
D a copy of the earlier application, 
D a translation of the earlier application into a language which is accepted by the ISA, 
D a translation of the results of the earlier search into a language which is accepted by the !SA, 
D a copy of any document cited in the results of the earlier search. (ff known, please indicate below the document(s) available 

to the ISA): 

Transmit copy of results of earlier search and other documents (where the earlier search was not carried out by the ISA 
indicated above but by the same Oflke as that which is acting as the receiving Office): the receiving Office is requested to 
prepare and transmit to the ISA (Rule 12bis.l(c)): 

D a copy of the results of the earlier search,* 
D a copy of the earlier application, 
D a copy of any document cited in the results of the earlier search. 

* Where the results of the earlier search are neither avail able from a digital library nor transmitted by the receiving Office, the applicant 
is required to submit them to the receiving Office (Rule 12bis.1 (a)) (See item 11. in the check-list and also Notes to Box No. VII). 

D Further earlier searches are indicated on a continuation sheet 

Box No. VIII DECLARATIONS 

The following declarations are contained in Boxes Nos. VIII (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration): 

□ Box No. VIII (i) 

□ Box No. VIII (ii) 

□ Box No. Vlll (iii) 

~ Box No. VIII (iv) 

Declaration as to the identity of the inventor 

Declaration as to the applicant's entitlement, as at the international filing 
date, to apply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international filing 
date, to claim the priority of the earlier application 

Declaration ofinventorship (only for the purposes of the designation of the 
United States of America) 

Number of 
declarations 

3 

□ Box No. Vlll (v) Declaration as to non-prejudicial disclosures or exceptions to lack of novelty 

Form PCT/RO/101 (third sheet) (January 2010) See Notes to the request form 
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!}ox No. VJ H (h) OECLAIU THJN: ll'fVEl\"TORSHIP (<m!y fur the purp- oftlrnlc;;jgm1fion uHhc tlnited States ofAmc1'itl1} 

214; ,'f<!i! .V1ttes 10 BOXJ,i Nos. V!Jl rm (!} tu !Pf 
this sheet skollfd not be indud,uf in th1.1 l'<'tflfl!SI. 

Dedim1tiori ofinveutorsbip (Rules 4.l7{iv) m:1d Slhis,li{nj(lvl} 
for tile p11l'jmse, of the drsigmi!thHl of Hie t'nltl.'11 Sta ks Hf Amcrka; 

I hen:,by declare that l believe l run the wiginnl, fast andsqk (if only tme inventor iN listed hdow) fir joint (if more than one in11er11or 
is listed below) in venwr of the subject matter which is claimed and for which a patem is sought 

This dedarntfon is directed to the i11t..~rm:itional applie<'liion of which it forms a part (if filing dcdaration with applicati<)!l), 

Thls declaration is dirci,tetl to intcmational applit:ation No. PCT/,,,, , , . , , , , , . , , , . , .. , , _.,, .. , (if furnishing dcclarntiuu pursmmt 
!o Rule Z61erl, 

l hereby do:darc lhat my n:sidence, mailing a"'1dress. and citizenship are as si11ted nex1 to my name, 

! hereby ~tate that! have re,iew,1d nn<l understimd the ~'-Ontents ,1fthe ab-0¥e•i<lenHikil international nppfication. including the claims 
of said mpplicatimi. ! have identified in the request of sak! applicatinn, in cnmpl i am::e with PCT Rule 4 _ l 0, any claim to fortign priority, 
and I have id,mtilkd below, wid~r thlil i:u:adi.ng "Prior Applkatfons:- hy application number, country or Member of the World Trn,!c 
Or;gar1iz,11,ion, day, mouth and year offilinJr, nny applh:ath:m for a patentor iuveutm's certificate filed in aemmtry other than the Unikd 

including any PCT intematiouru application designat.h:ig at leastonc country other than the United Stat.es of America.. 
!mv h1g a filing date before that of lhe application on which frm:ign priority is claimed, 

Prior Applicafams: , . 

hereby aelmowledg:c the duty to disclose infomrnth)n that is bmwn by msc lo be materkil to pat,m!ahilily as defined by 
3 7 C. F. R, § l, 56, including for ctmtinuatkm-in-part appl ieatiorn,;, mawria! infomwtion which b,"-Oame available between the filing date 
or the prior appticatlmi and the- PCT inkrllatiorntl filing date of the c,mti11uati<m•irt•part appJil'.'ati()n .. 

J hereby declare thai all statemems made herein of my own knowledge are true and that all statemeins made on h1formatio11 and hdief 
ore bclii:ved to he true; @d farther that these st!lti'mcn!s were made with the lawwkdge tluit wi!l!'u! false sh1tements and lhe !ike s,, 
rna<le art: punishable by fine ,1r imprisonment, 0r both, under Section !001 ol'Titte l8 of the Uniled Stille& Code and that such wi!lfo! 
fat~e statements may je(l'f)lmHze the validity of the application or any rmteot issue<l i!w.rcon. 

Residence: PLanq, T~;,:,a_~, _ .. _ , . , , , 
(toity and citller US ,!ate., if applicable, or wnntry) 

Mi1Hing Ad<lre,s , if 2lo~t!1f :lso£9~dve. 
_ Unite.fl $t?te.4 pf Am§';y\qa, . 

lnv11:11tm's Signature: 
{Tht' signat\uie must lle ,ha, of the hwe11t0r. M11bat of !he agen!J 

!h:sidenoe: ,Gn,ipev_in~, 1~xas_ 
{chy imd </:ithcr US ttatt, if app!icabk. ,n cmm1ry) 

Maihug Address 2809 Woodland HUis Drive -Grapevine, toxas 1i:los1· -· 
United EHate,s of Amerloa 

Citizen:sHp- US 

!nv"wiitnr·s 
rThe ngniw.1re musr he Hull oi lhe hw;;mor, 11t>t d,tit of the :t{?"'llt) 

vrn livf, 
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B, .. T§Hr.ath:m ~f tfi~B.'Uttrr~Mr dt.w!th: 
f◊t tb~ p.,lH'ft{)§.f:-< nr HH' dl·,dgb~tinh ufth~ 

dt-, .. :br~ dwt l hdk\.;; am t~l~ -nn:tin.:1L flr:q an:d ~nk: (i1 (}ili\'; ,ne nn .. fm<Ji ~t h}_W·d htk'h J (,~ 1,:tw:1; · i Mt'~\: th:1t~ ,~n~ inv\:rnc,f 
(;>. hi,;kn,\ 1 invn~t~rr of th~ :,,ut~i~.ci m:;lrt.:r \\bdt ·:·: l'}af,11cd ·i:tHJ. fer 1-fii1ch ~i ptil"°''ttt i~- ~ou~:M. · 

This d{.:t'.\21l'UHon i, dirt·ct,,;d ~,.} iM(n,aln.irmJ ap-;;,i ic-ati::in N<··· P('"L" 
11 i Ruk.- 2.i"'li('f ~ 

I hc1i..:hy st~H"'~ that l .h.;J\ e n .. ·vix•si;:<l und undc:rs1.&nd tb\~ c,;mt;,::nb ~11 th·e ab(l\ -:-icr.<.nufr.~d inh;:·nlt.tfona~ 
~ai.d ;,pp.Jkatk";n_ .I h.ff\ t i(krnifk.•:J in the r~\FH.:s~ pfs~nct ""'"'""u""· in ,umi1m1m.c~;,·ith PCT Ei.de --1 

and l htt\ ~: i{h,~ntifit~d beh.!1,\·_ uricltr tht head mg hPdor """c'"'"'"'' "b~: ·,wvnc,,,t<,,, 
for-1.1 patt.:ntor 

Jesip1ni!ng at kustone- (";)tH11r> nfb,;r Hum !he l 
ofth~ ~1pph\\Hi{u1 ,)n \\ hit:h fr}r~i.gn prinrrly h dzdm¢d. 

I h~rd:\} ~ickn,nvk,igc 1he duty i 1 dt\ .. 'k~~~ ~lHHttu:itwn HuH b, krwo.1,;r; h's:· m~ tu hw rn~H?rLd to 
37 -C F.1{ ~ l "~Hi aH:.kdin? fr)r t'(i.nhntwtH)n ~1n~pan n·rntcriai i1~fi);m~jfj•111 '¼·hii;h ht·.;:;.irt)~ 
~ 1r lht' prwr <lppli;.~~u..im~ and Hw PC f hikrmrti:H)til diH~ {'.:'f-tht ,;~nntfruw.ticm ... fn~r;,,irl i!pph~'iHiun. 

n;; J.dfoc,d hv 
th" f'i!inJ du,.<: 

{ki:Js;e Hiat i1H ~lt!:.:'trK'.'t1h im.:.d~ hfs~tn pf t)ry (~\"."l~ knC1'<\ kJ~~ ;,;r;.;-: tn<, wid th;.)t :t!l ... tutum:nt~ rnar.h: ~•n ~nft)·ri,1wt°¾f)H mai hdief 
h, ht· tnn:·, awl further drnt ih,:':i('. ~t(~h::HKnt;:; wen.: muUe ,, j1Jl n1~ ~J1:11 wiHfi;i foi~t' ~nntcm~'nb and th<'2 I~kt (,o-

rnud;;,: l:tfe n~mhhabk ,mnr·i,o,mw,ir nr b\.H.IL und:r Si:c{kin n,ni ! =:d!!jod \t:.i!Ei-l,\'lJ-.~ ;\?Hi th~it ,;ueh hill fol 
th.be ~t-HL.".XHH.:·nl:~ may ;,,,,,mHtin, t.· ~hdif\' of the .ipp!ka!.H1n cw ftn-:· \¾~b.:·ni ji~-~w~d thl:N,{io 
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Continuation of Box Vlll(iv): 

Name: TROY SHELDON CAUDILL 
Residence: Burleson, Texas 
Mailing Address: 
6195 Oak Hollow Drive 
Burleson, Texas 76028 
United States of America 
Citizenship: US 
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KO/US 

RO/US 

As, 
Sheet No. . ..... . 

Box No. IX CHECK LIST for PAPER filings - this sheet is only to be used when filing an international application on PAPER 

This intemational application 
contains the following: 

(a) request form 
PCT/RO/IOI 
(including any 
declarations and 
supplemental 
sheets) .................... . 

(b) description 
( excluding any 
sequence listing 
part of the 
description, 
see (f). below) .............. . 

(c) claims . , .................. . 

( d) abstract ................... . 

(e) drawings (if any) 

( t) sequence listing 
part of the 
desc1iption (ifany) .......... . 

Total number of sheets 

Figure of the drawings which 
should accompany the abstract: 

Number 
of sheets 

7 

7 

13 

6 

9 

36 

This international application is accompanied by the 
following item(s) (mark the applicable check-boxes below 
and indicate in right column the number of each item): 

fee calculation sheet ...................... . 

2. D original separate power of attorney 

3. D original general power of attorney ............... . 

4 □ copy of general power of attorney; reference 
number: . . . . . . . . . . . ....................... . 

5. D statement explaining lack of signature. 

6. D priority document(s) identified in Box No. VI 
as item(s). 

7. D Translation of international application into 
(language): . . . ............................. , . 

8. D separate indications concerning deposited 
microorganism or other biological material ......... . 

9. D copy in electronic forrn (Annex C/S T.25 text file) on 
physical data carrier(s) of the sequence listing, not forming 
part of the international application, which is furnished only 
for the purposes of international search under Rule 13ter 
(type and number of physical data carriers) . ........ . 

10. D a statement confirming that "the information 
recorded in electronic fonn submitted under 
Rule 13ter is identical to the sequence listing 
as contained in the international application" 
as filed on paper. . . . . . . . . . . . . . . . . . .......... . 

I 1. D copy ofresults of earlier search(es) (Rule 12bis.1 (a)) .. 

12. D other (spec~fy):. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . : 

Language of filing of the 
international application: 

English 

Number 
of items 

Box No. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE 
Next to each signature, indicate the nnme of the person signing and the capacity in which the person signs (if such capacity is not obvious.from reading the request). 

J#es E. Walton, Agent 
U.S. Reg. No. 47,245 

Date ' 

,-------------------- For receiving Office use only ----------..... ---------. 
I. Date of actual receipt of the purported 30-03-2011 

international application: 

3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported international application: 

4. Date of timely receipt of the required 
corrections under PCT Article 11(2): 

5. International Searching Authority 
(if two or more arc competent): ISA/ 

us 
I 

30 MAR 2011 

Transmittal ofseard1 cupy tldayed 
Lmlil search fee is paid 

2. Drawings: 

D received: 

D not rrceived: 

.------------------• For International l:lureau use only ------------------­

Date ufreceipt of the record copy 
by the International Bureau: 

Form PCT/RO/IOI (last sheet- paper) (January 2010) See Notes to the requeslform 
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Attorney Ref. No. 0837RF-H793P 

- 1 -

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS 

Technical Field 

The present invention relates generally to flight control systems, and more 

particularly, to a flight control system having flight control laws which enable precise 

5 aircraft maneuvering relative to the ground. 

Description of the Prior Art 

Aircraft which can hover and fly at low speeds include rotorcraft, such as 

helicopters and tilt rotors, and jump jets, like the AV-88 Harrier and F-358 Lightning II. 

These aircraft can spend a large portion of their mission maneuvering relative to the 

10 ground. Sometimes, this maneuvering must be conducted in confined spaces around 

external hazards such as buildings, trees, towers, and power lines. 

For traditional flight control systems, ground-referenced maneuvering (GRM) 

requires the pilot to make constant control inputs in multiple axes in order to counter 

disturbances caused by wind, as well as to remove the natural coupled response of the 

15 aircraft. The pilot workload during such maneuvers can become quite high since the 

pilot must sense un-commanded aircraft motions and then put in the appropriate control 

input to eliminate the disturbance. In a worst-case scenario, a pilot might be required to 

fly GRM in a degraded visual environment. With the lack of visual cues to detect off­

axis motion, the pilot might accidentally fly into an external hazard while maneuvering in 

20 a confined space. 

Traditional flight control law designs do not provide the pilot with an easy way to 

control aircraft crab angle during GRM. Crab angle is defined as the angle between the 

aircraft's heading and its actual ground path. With these prior designs, adjusting crab 

angle while maintaining ground track took considerable pilot concentration, since the 

25 pilot had to coordinate inputs to both the lateral and directional controllers. 
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Although pilots generally seek to minimize crab angle during GRM, some mission 

tasks may call for flat yawing turns while maintaining a constant vector across the 

ground. For example, on a steep approach, the pilot may need to fly with a crab angle 

so he or she can see the landing zone. Additionally, the pilot may want to quickly 

5 transition out of rearward or sideward flight while continuing along the same ground 

track. In a final example, the pilot may want to acquire and track a point on the ground 

without having to fly directly towards it. With prior flight control designs, such 

maneuvers required extraordinary pilot skill to coordinate the aircraft's motions in 

multiple control axes. 

10 Although the foregoing developments represent great strides in the area of flight 

control laws, many shortcomings remain. 

Brief Description of the Drawings 

The novel features believed characteristic of the application are set forth in the 

appended claims. However, the application itself, as well as a preferred mode of use, 

15 and further objectives and advantages thereof, will best be understood with reference to 

the following detailed description when read in conjunction with the accompanying 

drawings, wherein: 

20 

Figure 1 is a flight envelope with control law modes designed to enable ground 

reference maneuvers; 

Figure 2 is a schematic of an aircraft utilizing a control system according to the 

preferred embodiment of the present invention; 

Figure 3 is a set of plots comprising measured flight data of the aircraft of Fig. 2 

while performing constant vector flat turns; 

Figure 4 is a schematic view of the aircraft of Fig. 2 changing flight heading from 

25 sideward flight to forward flight; 
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Figure 5 is a schematic view of the aircraft of Fig. 2 changing flight heading from 

forward flight to sideward flight; 

Figure 6 is a schematic view of the control system architecture for a set of 

longitudinal control laws; 

Figure 7 is a schematic view of the control system architecture for a set of lateral 

control laws; 

Figure 8 is a schematic view of the control system architecture for directional 

control laws; 

Figure 9 is a schematic view of the control law logic for the control system; and 

Figure 10 is a schematic view a control law flow chart for the control system. 

While the control system of the present application is susceptible to various 

modifications and alternative forms, specific embodiments thereof have been shown by 

way of example in the drawings and are herein described in detail. It should be 

understood, however, that the description herein of specific embodiments is not 

15 intended to limit the invention to the particular embodiment disclosed, but on the 

contrary, the intention is to cover all modifications, equivalents, and alternatives falling 

within the spirit and scope of the process of the present application as defined by the 

appended claims. 

Description of the Preferred Embodiment 

This invention will enable seamless and transient free GRM. More specifically 

20 this invention will enable a pilot to use the directional controller to command flat yawing 

turns at low groundspeeds, while maintaining a constant vector across the ground. The 

seamless integration of this design requires no manual cockpit switches to select a 

Constant Vector Flat Turn (CVFT) mode. As a result of this auto-moding logic, the 

Page 11 of 135



Attorney Ref. No. 0837RF-H793P 

- 4 -

control laws will automatically adjust pitch and roll attitude to keep the aircraft moving in 

the same direction at a constant speed whenever the pilot inputs a directional command 

at low speed. 

The auto-moding logic of the present application enables seamless and transient 

5 free GRM without the need for manual cockpit switches. The control system utilizes 

relative groundspeed difference to automatically control pitch and roll attitudes so that 

the aircraft will maintain a constant vector during a low speed flat turn. The control 

system also allows the pilot to complete a CVFT with minimal workload since the 

ground vector will automatically be maintained by the control laws without the pilot 

10 having to use cockpit switches to change modes. 

Referring now to the drawings, Figure 1 shows a representative flight envelope 

101 with a plurality of control law modes designed to enable GRM. Flight envelope 101 

comprises a region 103 depicting the CVFT region, wherein the CVFT region is 

preferably from 10 to 35 knots groundspeed in any direction relative to the aircraft's 

15 body axis. The lower bound of region 103 is set by the Hover Hold and Translational 

Rate Command (TRC) region 105. The upper bound of region 103 is set by the 

aircraft's sideward and rearward flight airspeed limits. 

Figure 2 is a schematic of an aircraft 201 utilizing a control system according to 

the preferred embodiment of the present invention. Figure 2 shows aircraft 201 in 

20 forward flight within region 103. Directional inputs turn aircraft 201 in a complete 360 

degree yaw movement R1, stopping every 90 degrees, and without changing the speed 

and flight heading of aircraft 201, as represented with arrow D1. In the preferred 

embodiment, the control system is utilized with rotary aircraft, i.e., a helicopter; 

however, it should be appreciated that the control system is easily and readily adaptable 

25 with control systems of different types of aircraft, both manned and unmanned. 

Figure 2 depicts aircraft 201 traveling between 10 to 35 knots in a forward 

direction. As is shown, aircraft 201 preferably turns in a yaw direction R1 at 
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approximately 90 degrees relative to direction D1. Aircraft 201 continues to turn in 

direction R1 whil.e maintaining a constant flight heading. It should be appreciated that 

the preferred control system is adapted to turn aircraft 201 at 90 degrees during each 

application; however, it should be appreciated that alternative embodiments could easily 

5 include a control system adapted to turn the aircraft at different angles, e.g., at 30 

degrees in lieu of or in addition to 90 degrees. It should also be understood that 

although shown turning in a clockwise direction, the control system can also turn the 

aircraft in a counterclockwise movement. 

Figure 2 provides an exemplary depiction of aircraft 201 turning 360 degrees 

10 while maintaining forward flight. Step 1 shows aircraft 201 traveling in a constant 

forward flight, as depicted with arrow D1, between 10 and 35 knots. Step 2 depicts 

application of the control system, namely, the pilot utilizes the control system to rotate 

aircraft 201 in the clockwise direction approximately 90 degrees, as indicated by arrow 

R1. Step 2 shows aircraft 201 traveling in forward flight while the fuselage faces 90 

15 degrees relative to the directional movement. Steps 3-5 provide further illustration of 

the process being repeated. In particular, each time the control system is utilized, 

aircraft 201 rotates 90 degrees while maintaining a constant forward heading. 

Referring now to Figure 3 in the drawings, measured flight data 301 of aircraft 

201 is shown during a 360 degree CVFT. A plot 303 provides measured data 

20 representing the turning movement R1 of aircraft 201 during the 360 degree turn. A plot 

305 provides measured data representing the groundspeed of aircraft 201 during the 

360 degree turn. Plot 305 shows aircraft 201 initially starting at 20 knots forward 

groundspeed during the entire 360 degree CVFT. Plot 305 shows that aircraft 201 

holds a relatively steady groundspeed during the 360 degree CVFT. A plot 307 

25 provides measured data representing the ground track of aircraft 201 during the 360 

degree CVFT. The forward groundspeed plotted on a plot 309 essentially depicts a 

cosine curve during the turn, while the sideward groundspeed plotted on a plot 311 

shows a sine curve. 
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Referring now to Figure 4 in the drawings, a schematic view of aircraft 201 is 

shown changing flight heading from sideward flight to forward flight. In the exemplary 

embodiment, the CVFT control system is utilized such that aircraft 201 changes heading 

from a forward groundspeed Vx of about 0 knots and a sideward groundspeed between 

5 10-35 knots to a forward groundspeed between 10-35 knots and a sideward 

groundspeed about 0 knots. Step 1 of Figure 4 shows aircraft 401 during hover, while a 

step 2 shows aircraft 401 traveling in a sideward groundspeed between 10-35 knots, as 

depicted with arrow D2. In step 2, a right lateral control stick (not shown) is utilized to 

generate a left sideward heading. Thereafter, a right 90 degree pedal turn is applied to 

10 rotate aircraft 201 in a forward heading with a pedal 203. In the preferred embodiment, 

pedal 203 is a pedal manipulated with the pilot's foot; however, it should be appreciated 

that other forms of devices, i.e, a hand switch could be utilized in lieu of or in addition to 

pedal 203. For purposes of this invention, a lateral controller, longitudinal controller, 

and directional controller are characterized as pedal 203 or similarly suited devices. 

15 Step 3 depicts application of the CVFT control system, wherein aircraft 201 turns 90 

degrees for changing the heading of aircraft 201. 

Referring now to Figure 5 in the drawings, an alternative application of the CVFT 

control system is shown. In the exemplary embodiment, the CVFT control system is 

utilized to turn aircraft 201 from a forward groundspeed Vx between 10-35 knots and a 

20 sideward groundspeed of about 0 knots to a sideward groundspeed between 10-35 

knots and a forward groundspeed about 0 knots. Step 1 shows aircraft 201 during 

hover, while a step 2 shows aircraft 201 traveling in a forward heading having a 

groundspeed between 10-35 knots, as depicted with arrow D3. In step 2, a forward 

longitudinal stick is utilized to generate forward flight. Thereafter, a left 90 degree pedal 

25 turn is applied to rotate aircraft 201 such that the forward flight of aircraft 201 changes 

to a sideward flight heading. 

Those skilled in the art will understand that the methods for aircraft guidance 

disclosed in this invention can be applied to any combination of the following: (1) full 
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authority fly-by-wire flight control systems, as well as partial authority mechanical 

systems; (2) traditional cockpit layouts with a center stick for longitudinal and lateral 

control, pedals for directional control, and a collective stick for vertical control, as well as 

more advanced designs which combine multiple control axes into a center or side stick 

5 controller; and, (3) any aircraft capable of GRM, including both rotorcraft and jump jets. 

The key to enabling seamless and transient free GRM lies in the advanced 

control law architecture of the CVFT control system as shown in Figures 6 to 8. Figure 

6 shows architecture 601 of the CVFT control system operably associated with one or 

more longitudinal control laws, Figure 7 shows architecture 701 of the CVFT control 

10 system operably associated with one or more lateral control laws, and Figure 8 shows 

architecture 801 of the CVFT control system operably associated with one or more 

directional control laws according to the preferred embodiment of the invention. 

Referring now to Figure 6 in the drawings, architecture 601 includes one or more 

aircraft sensors 603 operably associated with the control laws to accomplish GRM. 

15 Aircraft sensors 603 can include: an inertial Navigation System (attitudes, attitude rates, 

and translational accelerations); a Global Positioning System (ground-referenced 

speeds and positions); an Air Data Computer (airspeed and barometric altitude); and, a 

Radar or Laser Altimeter (above ground level (AGL) altitude). An aircraft model can be 

obtained from aerodynamics data and a group of linear models can be developed based 

20 on its airspeed from aircraft sensors 603. These linear models include both lateral and 

longitudinal equations of motion. Since the aircraft model matrices are large and 

contain coupling terms of lateral and longitudinal motions within the matrices, it is 

difficult to determine the best performance control gains for all at the same time. In 

order to overcome these issues, the linear model of aircraft performance is decoupled 

25 first. After the aircraft model is decoupled to lateral and longitudinal equations of 

motion, the effect of coupling terms between lateral and longitudinal motions can be 

reduced to a minimum, thus stabilizing the system. 
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In the preferred embodiment, architecture 601 preferably comprises of a 

longitudinal control law for forward speed, represented as block 605 "Long_SPD"; a 

longitudinal control law for pitch angle, represented as block 607 "Long_ATT"; and, a 

longitudinal control law for pitch rate, represented as block 609 "Long_RATE". 

5 Architecture 601 is further provided with initialization logic 611 adapted for determining 

which loop is active in each axis based on flight conditions and pilot control inputs. 

Logic 611 will also re-initialize inactive loops in order to eliminate control jumps when 

switching between the loops to provide seamless and transient free mode changes. 

Architecture 601 further includes a longitudinal command 613 generated in the 

10 control laws by referencing the pilot's cockpit control input in each axis. The input to the 

control laws is the difference between the controller's present position and the centered, 

no force position, which is also referred to as the "detent" position. The control 

commands can also be generated by a beep switch located in the cockpit to command 

small and precise changes in aircraft state. The control laws process these control 

15 inputs to generate the appropriate aircraft response commands. These commands are 

then sent out to the control law guidance blocks to maneuver the aircraft. The control 

law outputs are routed to an actuator 615 for each dynamic axis. For a conventional 

helicopter, the control laws send control signals to the following actuators: longitudinal 

axis - main rotor longitudinal swashplate angle; lateral axis - main rotor lateral 

20 swashplate angle; vertical axis - main rotor collective pitch; and, directional axis - tail 

rotor collective pitch. 

Since pitch rate is the fastest longitudinal state, Long_RATE 609 is the inner loop 

of the longitudinal control laws. Next, the Long_ATT 607 loop feeds the Long_RATE 

control law 609 loop to control pitch attitude. Finally, the Long_SPD control law 605 

25 loop feeds the Long_ATT 607 loop to control forward speed. 

When flying with the longitudinal controller in detent outside of the Hover Hold / 

TRC region 105, depicted in Figure 1, the Long_SPD 605 loop will be active. At lower 

speeds, this loop will hold constant forward groundspeed, while at higher speeds, 
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airspeed will be held. Once the pilot moves the longitudinal controller out of detent, the 

control laws can command either pitch attitude (Long_A TT 607) or pitch rate 

(Long_RATE 609). 

Referring now to Figure 7 in the drawings, architecture 701 comprises one or 

5 more lateral control laws operably associated with sensors 603, logic 611, lateral 

commands 702, and actuators 615. The lateral control laws include: a lateral control of 

roll rate, represented as block 703 "Lat_RATE"; a lateral control of the roll attitude, 

represented as block 705 "Lat_ATT"; a lateral control of sideward groundspeed, 

represented as block 707 "Lat_SPD"; a lateral control of the crab angle, represented as 

10 block 709 "Lat_CRAB"; and, lateral control of heading, represented as block 711 

"Lat HOG". 

Similar to the longitudinal axis, Lat_RATE 703 is the inner loop of the lateral 

control laws and the Lat_ATT 705 loop feeds the Lat_RATE 703 loop to control roll 

attitude. The Lat_ATT 705 loop can be fed by one of three loops, Lat_SPD 707, 

15 Lat_CRAB 709, or Lat_HDG 711. 

20 

The crab angle used in the Lat_ CRAB 709 loop is computed in the control laws 

using the following equation: 

(1) 

where 77 is the crab angle, VY is the sideward groundspeed with right positive, 

and Vx is the forward groundspeed. To avoid a singularity in Equation 1, Vx is limited to 

be above the Hover Hold / TRC region 103. 

When operating in the Ground-Coordinated Banked Turn (GCBT) envelope as 

shown by region 107 in Figure 1, if both the lateral and directional controllers are in 

25 detent, lateral control law logic will hold crab angle through the Lat_ CRAB 709 loop. If 

Page 17 of 135



Attorney Ref. No. 0837RF-H793P 

- 10 -

operating in the CVFT envelope, but not in the GCBT envelope, and the lateral and 

directional controllers are in detent, the control logic will hold sideward groundspeed 

constant with the Lat_SPD 707 loop. When operating at higher airspeeds with lateral 

and directional controllers in detent, the control logic will hold heading constant with the 

5 Lat_HDG 711 loop. When the pilot moves the lateral controller out of detent in any of 

these cases, the control laws can command either roll attitude (Lat_ATT 705) or roll rate 

(Lat_RATE 703). 

Referring now to Figure 8 in the drawings, architecture 801 comprises one or 

more directional control laws operably associated with sensors 603, logic 611, 

10 commands 613, and actuators 615. The directional control laws include: directional 

control of yaw rate, represented as block 803 "Dir_RATE"; directional control of 

heading, represented as block 805 "Dir_HDG"; and, directional turn coordination, 

represented as block 807 "Dir_ TC" 

Since yaw rate is the fastest directional state, Dir_RATE 803 is the inner loop of 

15 the directional control laws. This loop is fed by the Dir_HDG 805 loop to control aircraft 

heading at lower speeds. Unlike traditional control law designs, this invention includes 

an additional loop, parallel to the Dir_HDG 805 loop, to feed the Dir_RATE 803 inner 

loop. The Dir_ TC 807 loop is used to coordinate banked turns throughout the flight 

envelope. 

20 In the GCBT envelope 107 shown in Figure 1, the Dir_ TC 807 loop will control 

crab angle during banked turns. With no directional input, the Dir_ TC 807 loop will hold 

crab angle at zero. Any directional control inputs during a GCBT will result in a change 

in crab angle in the appropriate direction. Additionally, if the aircraft is in the GCBT 

envelope, but above the CVFT envelope, directional controller inputs will command 

25 changes in crab angle through the Dir_ TC 807 loop even in non-turning flight. In this 

case, once the directional controller is returned to detent, heading hold will be re­

engaged (Dir_HDG 805 loop) and the crab angle will be held though the Lat_CRAB 709 

loop. 
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When in the BCBT envelope, the Dir_ TC 807 loop will automatically adjust yaw 

rate based on actual bank angle, true airspeed, and lateral acceleration in order to keep 

the slip ball centered. Any directional controller inputs in the BCBT envelope will 

command a change in lateral acceleration, which will subsequently result in sideslip 

5 away from the pedal input. Pedal inputs will also result in a slight roll in the direction of 

the input to provide lateral stability. 

In the absence of lateral or directional control inputs while operating in either the 

GCBT or CVFT envelopes, the directional axis will hold heading through the Dir_HDG 

805 loop. If the pilot moves the directional controller out of detent in the CVFT envelope 

10 with both the lateral and longitudinal controllers in detent, the directional control laws will 

command a yaw rate through the Dir_RATE 803 loop. In this case, the control laws will 

maintain a constant ground vector by using the Long_SPD 605 and Lat_SPD 707 loops. 

During the CVFT, when the directional controller is first moved out of detent, the 

control laws will capture the aircraft's current groundspeed in the earth axis coordinate 

15 system. The control laws keep track of the difference between the aircraft's actual 

groundspeed and the captured groundspeed. This relative groundspeed difference is 

converted from the earth axis to the aircraft's body axis using the following equations: 

20 

~ vx = Ll vnorth . cos !j/ + ~ veast . sin !j/ 

Ll Vy = Ll veast . cos !j/ - L'.l vnorth . sin !j/ 

(2) 

(3) 

where LlVx is the groundspeed difference in the body axis forward direction, ~VY 

is the groundspeed difference in the body axis sideward direction with right positive, 

LlVnorth is the groundspeed difference in the earth axis north direction, LlVeast is the 

groundspeed difference in the earth axis east direction, and !f/ is the aircraft heading. 

The values for LlVx and LlVY are then used in the Long_SPD 605 and Lat_SPD 707 

25 blocks respectively to command the pitch and roll attitudes needed to minimize the 

relative groundspeed difference during the flat turn. 
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Referring now to Figure 9 in the drawings, control law logic 901 for the CVPT 

mode is shown. Control law logic 901 comprises one or more of latch 903, latch 905, 

and latch 907 adapted to control when a mode is turned on or off. If the reset conditions 

are met, then the mode will always be off. If the reset conditions are not met, then the 

5 mode will be latched on when the set conditions are met. The CVPT mode will be reset 

whenever lateral speed hold, depicted as block 909 "Lat_SPD_ON" or a longitudinal 

speed hold, depicted as block 911 "Long_SPD_ON" are not on and will be set when the 

directional controller is out of detent. 

Both longitudinal speed hold latch 905 and lateral speed hold latch 907 will be 

10 reset when their respective controller is out of detent. Additionally, the lateral speed 

hold latch 907 will be reset when the banked turn (Bank_ Turn_ ON) or crab hold 

(Crab_ON) modes are on, or if forward speed exceeds the CVPT threshold (typically 

around 35 KGS). The longitudinal and lateral speed hold latches will be set when their 

respective acceleration falls below the acceleration threshold (typically around 2 ft/sec2
). 

15 Referring now to Figure 10 in the drawings, a control law flow chart 1001 for a 

CVFT is presented. When the directional controller is initially moved out of detent, the 

CVPT mode will be engaged. The longitudinal and lateral speed hold blocks 

(Long_SPD 605 and Lat_SPD 707) will be reinitialized to feedback the relative 

groundspeed differences calculated in equations 2 and 3. Once the directional 

20 controller is returned to detent following the CVFT, directional control laws will hold 

heading by re-engaging the Dir_HDG 805 loop. The longitudinal and lateral axes will 

continue to hold a constant ground vector until the pilot commands a change by moving 

either the longitudinal or lateral controller out of detent. This design enables the pilot to 

command and hold any crab angle around the 360 degree circle, while the aircraft 

25 continues to move across the ground on a constant vector. As shown, when the pedal 

stops, if the crab angle equals O degrees, then aircraft 201 travels in pure forward flight; 

if the crab angle is 90 degrees, aircraft 201 travels in pure right side flight; if the crab 
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angle is 180 degrees, then aircraft 201 travels in pure aft flight; and, if the crab angle is 

270 degrees, then aircraft 201 travels in pure left sideward flight. 

The particular embodiments disclosed above are illustrative only, as the invention 

may be modified and practiced in different but equivalent manners apparent to those 

5 skilled in the art having the benefit of the teachings herein. It is therefore evident that 

the particular embodiments disclosed above may be altered or modified, and all such 

variations are considered within the scope and spirit of the invention. Accordingly, the 

protection sought herein is as set forth in the description. It is apparent that an 

invention with significant advantages has been described and illustrated. Although the 

10 present invention is shown in a limited number of forms, it is not limited to just these 

forms, but is amenable to various changes and modifications without departing from the 

spirit thereof. 
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Claims 

1. An aircraft, comprising: 

a sensor carried by the aircraft, the sensor being adapted to sense a directional 

movement of the aircraft; 

5 an actuator carried by the aircraft, the actuator being utilized to control the 

10 

15 

20 

25 

directional movement of the aircraft; and 

a control system in data communication with the aircraft sensor and operably 

associated with the actuator, the control system having: 

a model adapted to decouple the directional movement of the aircraft into 

a lateral equation of motion and a longitudinal equation of motion; 

a lateral control architecture in data communication with the model, the 

lateral control architecture being adapted to utilize the lateral equation of motion 

to control the lateral motion of the aircraft; 

a longitudinal control architecture in data communication with the model, 

the longitudinal control architecture adapted to utilize the longitudinal equation of 

motion to control the longitudinal motion of the aircraft; and 

an initialization command logic in data communication with the lateral 

control architecture and in data communication with the longitudinal control 

architecture; 

wherein the initialization command logic selectively activates the lateral 

control architecture for controlling the lateral motion of the aircraft and selectively 

activates the longitudinal control architecture for controlling the longitudinal 

motion of the aircraft; and 

wherein the control system utilizes the lateral control architecture and the 

longitudinal control architecture to control speed variations of the aircraft while 

the aircraft maintains a constant vector heading across a ground surface. 
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2. The aircraft of claim 1, the aircraft further comprising: 

a directional controller, the directional controller being manipulated by a pilot 

controlling the aircraft, the directional controller being in data communication with the 

control system. 

3. The aircraft of claim 2, the directional control architecture comprising: 

a directional heading control loop; 

a directional turn coordination control loop; and 

a directional yaw rate control loop. 

4. The aircraft of claim 2, further comprising: 

a directional control latch in data communication with the directional control 

architecture; 

wherein, as the directional controller is moved out of a detent position, the 

15 directional control latch activates a constant vector flat turn motion. 

20 

5. The aircraft of claim 1, the lateral control architecture comprising: 

a lateral sideward groundspeed control loop; 

a lateral roll attitude control loop; and 

a lateral roll rate control loop. 

6. The aircraft of claim 5, further comprising: 

a lateral controller carried by the aircraft, the lateral controller being manipulated 

by a pilot controlling the aircraft, the lateral controller creating a lateral command in data 

25 communication with the lateral sideward groundspeed control loop, the lateral roll 

attitude control loop, and the lateral roll rate control loop. 

7. The aircraft of claim 6, further comprising: 

a lateral control latch in data communication with the control system; 
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wherein, as the lateral controller is moved out of a detent position, the lateral 

control latch resets a lateral speed hold. 

8. 

9. 

The aircraft of claim 1, the longitudinal control architecture comprising: 

a longitudinal forward speed control loop; 

a longitudinal pitch angle control loop; and 

a longitudinal pitch rate control loop. 

The aircraft of claim 8, the longitudinal control architecture further comprising: 

a longitudinal controller carried by the aircraft, the longitudinal controller being 

manipulated by a pilot controlling the aircraft, the longitudinal controller creating a 

longitudinal command in data communication with the longitudinal forward speed control 

loop, the longitudinal pitch angle control loop, and the longitudinal pitch rate control 

loop. 

10. The aircraft of claim 9, further comprising: 

a longitudinal control latch in data communication with the control system; 

wherein, as the longitudinal controller is moved out of a detent position, the 

longitudinal control latch resets a longitudinal speed hold. 

11. A method to control flat yawing turns of an aircraft while maintaining a constant 

vector heading across a ground surface, the method comprising: 

sensing the speed variation of the aircraft with a sensor carried by the aircraft, 

the speed variation having: 

25 a longitudinal direction of motion; and 

a lateral direction of motion; 

controlling the speed variation of the aircraft with actuators operably associated 

with the aircraft; 

providing a control system in data communication with the aircraft sensor and 

30 operably associated with the actuators, the control system having: 
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a model; 

a lateral control architecture; 

a longitudinal control architecture; and 

an initialization command logic in data communication with the lateral 

control architecture and in data communication with the longitudinal control 

architecture; 

decoupling the directional movement of the aircraft into the lateral equation of 

motion and the longitudinal equation of motion with the model; 

controlling the lateral direction of motion with a lateral control architecture, the 

10 lateral control architecture utilizing the lateral equation of motion; 

controlling the longitudinal direction of motion with a longitudinal control 

architecture, the longitudinal control architecture utilizing the longitudinal equation of 

motion; and 

selectively activating the lateral control architecture and the longitudinal control 

15 architecture with the initialization command logic; 

wherein the control system receives sensed speed variation data from the sensor 

and operably controls the actuators, thus providing selective control of the yawing turns 

of the aircraft while maintaining a constant vector across a ground surface. 

20 12. The method of claim 11, the method further comprising: 

25 

30 

commanding the flat yawing turns with a directional controller manipulated by a 

pilot controlling the aircraft, the directional controller being operably associated with a 

directional control architecture, the directional control architecture being in data 

communication with the control system. 

13. The method of claim 12, wherein the commanding of the flat yawing turns with 

the directional control architecture comprises: 

communicating data through a directional heading control loop; 

communicating data through a directional turn coordination control loop; and 

communicating data through a directional yaw rate control loop. 
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14. The method of claim 12, further comprising: 

activating the constant vector flat turn with a directional control latch as the 

directional controller is moved out of a detent position, the directional control latch being 

5 operably associated with the directional control architecture. 

15. The method of claim 11, wherein controlling the lateral direction of motion with 

the lateral control architecture comprises: 

communicating lateral motion data through a lateral sideward groundspeed 

10 control loop; 

communicating lateral motion data through a lateral roll attitude control loop; and 

communicating lateral motion data through a lateral roll rate control loop. 

16. The method of claim 11, further comprising: 

15 controlling the lateral direction of motion with a lateral controller manipulated by a 

pilot controlling the aircraft, the lateral controller being operably associated with the 

lateral control architecture. 

17. The aircraft of claim 16, further comprising: 

20 resetting a lateral speed hold with a lateral control latch as the lateral controller is 

moved out of a detent position, the lateral control latch being in data communication 

with the lateral control architecture. 

18. The method of claim 17, wherein controlling the longitudinal direction of motion 

25 with the longitudinal control architecture comprises: 

communicating longitudinal motion data through a longitudinal forward speed 

control loop; 

communicating longitudinal motion data through a longitudinal pitch angle control 

loop; and 
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communicating longitudinal motion data through a longitudinal pitch rate control 

loop. 

19. The aircraft of claim 11, the longitudinal control architecture further comprising: 

5 controlling the longitudinal direction of motion with a longitudinal controller 

manipulated by a pilot controlling the aircraft, the longitudinal controller being operably 

associated with the longitudinal control architecture. 

20. The aircraft of claim 19, further comprising: 

10 resetting a longitudinal speed hold with a longitudinal control latch as the 

15 

longitudinal controller is moved out of a detent position, the longitudinal control latch 

being in data communication with the longitudinal control architecture. 
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FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS 

Abstract 

An aircraft and method to control flat yawing turns of the aircraft while maintaining 

a constant vector across a ground surface. The aircraft includes a control system in 

5 data communication with control actuators, a lateral control architecture, a longitudinal 

control architecture, and an initialization command logic. The lateral control architecture 

controls the aircraft in the lateral direction, while the longitudinal control architecture 

controls the aircraft in the longitudinal direction. The initialization command logic 

automatically activates the lateral control architecture and the longitudinal control 

10 architecture to maintain a constant vector across the ground whenever a directional 

control input is made at low speed. 
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WRITTEN OPINION OF THE 
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1. With regard to the language, this opinion has been established on the basis of: 

~ the international application in the language in which it was filed. 

International application No. 
PCT/US2011/030498 

□ a translation of the international application into _____________ which is the language of a 
translation furnished for the purposes of international search (Rules 12.3(a) and 23. l(b)). 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

International application No. 

PCT /US2011/030498 

Box No. V Reasoned statement under Rule 43bis.l(a)(i) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

L Statement 

Novelty (N) - Claims 1-20 YES 
Claims None NO 

Inventive step (IS) Claims 1-20 YES 
Claims None NO 

Industrial applicability (IA) Claims 1-20 YES 
Claims None NO 

-
2. Citations and explanations: 

Claims 1-20 meet the criteria set out in PCT Article 33(2)-(3) because the prior art does not teach or fairly suggest certain subject matter in 
the claims, as follows: 

As to Claim 1, the prior art of record, individually or in combination, does not teach or fairly suggest an aircraft, comprising a sensor 
carried by the aircraft, the sensor being adapted to sense a directional movement of the aircraft; an actuator carried by the aircraft, the 
actuator being utilized to control the directional movement of the aircraft; and a control system in data communication with the aircraft 
sensor and operably associated with the actuator, the control system having: a model adapted to decouple the directional movement of 
the aircraft into a lateral equation of motion and a longitudinal equation of motion; 
a lateral control architecture in data communication with the model, the lateral control architecture being adapted to utilize the lateral 
equation of motion to control the lateral motion of the aircraft; a longitudinal control architecture in data communication with the modal, the 
longitudinal control architecture adapted to utilize the longitudinal equation of motion to control the longitudinal motion of the aircraft; and 
an initialization command logic in data communication with the lateral control architecture and in data communication with the longitudinal 
control architecture; wherein the initialization command logic selectively activates the lateral control architecture for controlling the lateral 
motion of the aircraft and selectively activates the longitudinal control architecture for controlling the longitudinal motion of the aircraft; and 
wherein the control system utilizes the lateral control architecture and the longitudinal control architecture to control speed variations of the 
aircraft while the aircraft maintains a constant vector heading across a ground surface. 

As to Claim 11, the prior art of record, individually or in combination, does not teach or fairly suggest a method to control flat yawing turns 
of an aircraft whlle maintaining a constant vector heading across a ground surface, the method comprising sensing the speed variation of 
the aircraft with a sensor carried by the aircraft, the speed variation having: a longitudinal direction of motion; and a lateral direction of 
motion; controlling the speed variation of the aircraft with actuators operably associated with the aircraft; providing a control system in data 
communication with the aircraft sensor and operably associated with the actuators, the control system having: a model; a lateral control 
architecture; a longitudinal control architecture; and an initialization command logic in data communication with the lateral control 
architecture and in data communication with the longitudinal control architecture; decoupling the directional movement of the aircraft into 
the lateral equation of motion and the longitudinal equation of motion with the model; controlling the lateral direction of motion with a lateral 
control architecture, the lateral control architecture utilizing the lateral equation of motion; controlling the longitudinal direction of motion 
with a longitudinal control architecture, the longitudinal control architecture utilizing the longitudinal equation of motion; and selectively 
activating the lateral control architecture and the longitudinal control architecture with the initialization command logic; wherein the control 
system receives sensed speed variation data from the sensor and oparably controls the actuators, thus providing selective control of the 
yawing turns of the aircraft while maintaining a constant vector across a ground surface. 

Claims 2-10 and 12-20 depend from base Claims 1 and 11, respectively, and therefore have novelty for at leastthe same reasons as do 
base Claim 1 and 11. 

(Continued in Supplemental Box) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

Supplemental Box 

In case the space in any of the preceding boxes is not sufficient. 
Continuation of: 
BoxV 

International application No. 

PCT/US2011/030498 

The following prior art is made of record to support and further define the reasons for allowance of base Claims 1 and 22: 

(i} Cherepinsky et al. disclose an aircraft (fig. 1 ), comprising: a sensor carried by the aircraft (32 fig. 3), the sensor being adapted to sense 
a directional movement of the aircraft (sensor 32 output includes vertical acceleration 94 and vertical velocity, fig. 3); an actuator carried by 
the aircraft (servos 50 and tail rotor servos 54, fig. 2), the actuator being utilized to control the directional movement of the aircraft (servos 
control main rotor 12 and tail rotor 14, fig. 2 para. [0032]}; and a control system (flight control system 16, fig. 3} in data communication with 
the aircraft sensor and operably associated with the actuator (para. {0030] Referring to Fig. 2, the flight control system 16 includes •.• 
includes a Primary Flight Centro! System (PFCS) 22 and a Flight Augmentation and Cueing System (FACS) 24. The PFCS and FAGS 
each receive the force output command signals of a collective controller 18 on line 20, a cyclic controller 28 on lines 30, and the aircraft's 
sensed parameter signals from sensors 32, on lines 34), the control system having: a model (para. (0030] Referring to Fig. 2, the flight 
control system 16 includes a model following control system which shapes the pilot's controller and displacement commands through an 
inverse vehicle model to produce the desired aircraft response). Cherepinsky et al. does not teach, either alone or in combination with the 
prior art of record, a model is adapted to decouple the directional movement of the aircraft into a lateral equation of motion and a 
longitudinal equation of motion; a lateral control architecture in data communication with the model, the lateral control architecture being 
adapted to utilize the lateral equation of motion to control the lateral motion of the aircraft; a longitudinal control architecture in data 
communication with the model, the longitudinal control architecture adapted to utilize the longitudinal equation of motion to control the 
longitudinal motion of the aircraft; and an initialization command logic in data communication with the lateral control architecture and in 
data communication with the longitudinal control architecture; wherein the initialization command logjc selectively activates the lateral 
control architecture for controlling the lateral motion of the aircraft and selectively activates the longitudinal control architecture for 
controlling the longitudinal motion of the aircraft; and wherein the control system utilizes the lateral control architecture and the longitudinal 
control architecture to conb:_ol speed variations of the aircraft while the aircraft maintains a constant vector heading across a ground 
surface. 

(ii) Shue et al. disclose a model (represented by in flowchart form in fig. 5) related to flight control of an aircraft (pg. 1, Ins. 4-6) adapted to 
decouple (block 29 separates into longitudinal motion 31 and lateral motion 37 components, fig. 5} a directional movement of the aircraft 
(equation 1, pg. 11, models an aircraft based on airspeed, pg. 11, Ins. 12-13) into a lateral equation of motion (equation 2, pg. 12) and a 
longitudinal equation of motion {equation 3, pg. 12); a lateral control architecture (lateral LQR 39, fig. 5 and pg. 11, Ins. 5-6, is a linear 
quadratic regulator as described on pg. 12, Ins. 13-17) in data communication with the model (lateral motion component 37 is in 
communication with model of fig. 5), the lateral control architecture being adapted to utilize the lateral equation of motion (lateral motion 
component 37 is an input for lateral LQR 39, fig. 5) to control the lateral motion of the aircraft (the LQR method of fig. 5 is what is used in 
the LQR feedback block of fig. 1, the result of which goes to outputs block of flight control system in fig. 1 ); a longitudinal control 
architecture {longitudinal LQR 33, f19. 5 and pg. 11, Ins. 6-8, is a linear quadratic regulator as described on pg. 12, Ins. 13-17) in data 
communication with the model {longitudinal motion component 31 is in communication with model of fig. 5), the longitudinal control 
architecture adapted to utili~e the longitudinal equation of motion (longitudinal motion component 31 is an input for longitudinal LQR 33, fig. 
5) to control the longitudinal motion of the aircraft (the LQR method of fig. 5 is what is used in the LQR feedback block of fig. 1, the result-of 
which goes to outputs block of flight control system in fig. 1 ). Shue et al. does not teach, either alone or in combination with the prior art of 
record an initialization command logic in data communication with the lateral control architecture and in data communication with the 
longitudinal control architecture; wherein the initialization command logic selectively activates the lateral control architecture for controlling 
the lateral motion of the aircraft and selectively activates the longitudinal control architecture for controlling the longitudinal motion of the 
aircraft; and wherein the control system utilizes the lateral control architecture and the longitudinal control architecture to control speed 
variations of the aircraft while the aircraft maintains a constant vector heading across a ground surface. 

Claims 1-20 meet the criteria set out in PCT Article 33(4 ), and thus have industrial applicability because the subject matter claimed can be 
made or used in industry. 
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FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS 

Technical Field 

The present invention relates generally to flight control systems, and more 

particularly, to a flight control system having flight control laws which enable precise 

5 aircraft maneuvering relative to the ground. 

Description of the Prior Art 

Aircraft which can hover and fly at low speeds include rotorcraft, such as 

helicopters and tilt rotors, and jump jets, like the AV-88 Harrier and F-358 Lightning II. 

These aircraft can spend a large portion of their mission maneuvering relative to the 

10 ground. Sometimes, this maneuvering must be conducted in confined spaces around 

external hazards such as buildings, trees, towers, and power lines. 

For traditional flight control systems, ground-referenced maneuvering (GRM) 

requires the pilot to make constant control inputs in multiple axes in order to counter 

disturbances caused by wind, as well as to remove the natural coupled response of the 

15 aircraft. The pilot workload during such maneuvers can become quite high since the 

pilot must sense un-commanded aircraft motions and then put in the appropriate control 

input to eliminate the disturbance. In a worst-case scenario, a pilot might be required to 

fly GRM in a degraded visual environment. With the lack of visual cues to detect off­

axis motion, the pilot might accidentally fly into an external hazard while maneuvering in 

20 a confined space. 

Traditional flight control law designs do not provide the pilot with an easy way to 

control aircraft crab angle during GRM. Crab angle is defined as the angle between the 

aircraft's heading and its actual ground path. With these prior designs, adjusting crab 

angle while maintaining ground track took considerable pilot concentration, since the 

25 pilot had to coordinate inputs to both the lateral and directional controllers. 
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Although pilots generally seek to minimize crab angle during GRM, some mission 

tasks may call for flat yawing turns while maintaining a constant vector across the 

ground. For example, on a steep approach, the pilot may need to fly with a crab angle 

so he or she can see the landing zone. Additionally, the pilot may want to quickly 

5 transition out of rearward or sideward flight while continuing along the same ground 

track. In a final example, the pilot may want to acquire and track a point on the ground 

without having to fly directly towards it. With prior flight control designs, such 

maneuvers required extraordinary pilot skill to coordinate the aircraft's motions in 

multiple control axes. 

10 Although the foregoing developments represent great strides in the area of flight 

control laws, many shortcomings remain. 

Brief Description of the Drawings 

The novel features believed characteristic of the application are set forth in the 

appended claims. However, the application itself, as well as a preferred mode of use, 

15 and further objectives and advantages thereof, will best be understood with reference to 

the following detailed description when read in conjunction with the accompanying 

drawings, wherein: 

20 

Figure 1 is a flight envelope with control law modes designed to enable ground 

reference maneuvers; 

Figure 2 is a schematic of an aircraft utilizing a control system according to the 

preferred embodiment of the present invention; 

Figure 3 is a set of plots comprising measured flight data of the aircraft of Fig. 2 

while performing constant vector flat turns; 

Figure 4 is a schematic view of the aircraft of Fig. 2 changing flight heading from 

25 sideward flight to forward flight; 
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Figure 5 is a schematic view of the aircraft of Fig. 2 changing flight heading from 

forward 'flight to sideward flight; 

Figure 6 is a schematic view of the control system architecture for a set of 

longitudinal control laws; 

Figure 7 is a schematic view of the control system architecture for a set of lateral 

control laws; 

Figure 8 is a schematic view of the control system architecture for directional 

control laws; 

Figure 9 is a schematic view of the control law logic for the control system; and 

Figure 10 is a schematic view a control law flow chart for the control system. 

While the control system of the present application is susceptible to various 

modifications and alternative forms, specific embodiments thereof have been shown by 

way of example in the drawings and are herein described in detail. It should be 

understood, however, that the description herein of specific embodiments is not 

15 intended to limit the invention to the particular embodiment disclosed, but on the 

contrary, the intention is to cover all modifications, equivalents, and alternatives falling 

within the spirit and scope of the process of the present application as defined by the 

appended claims. 

Description of the Preferred Embodiment 

This invention will enable seamless and transient free GRM. More specifically 

20 this invention will enable a pilot to use the directional controller to command flat yawing 

turns at low groundspeeds, while maintaining a constant vector across the ground. The 

seamless integration of this design requires no manual cockpit switches to select a 

Constant Vector Flat Turn (CVFT) mode. As a result of this auto-moding logic, the 
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control laws will automatically adjust pitch and roll attitude to keep the aircraft moving in 

the same direction at a constant speed whenever the pilot inputs a directional command 

at low speed. 

The auto-moding logic of the present application enables seamless and transient 

5 free GRM without the need for manual cockpit switches. The control system utilizes 

relative groundspeed difference to automatically control pitch and roll attitudes so that 

the aircraft will maintain a constant vector during a low speed flat turn. The control 

system also allows the pilot to complete a CVFT with minimal workload since the 

ground vector will automatically be maintained by the control laws without the pilot 

10 having to use cockpit switches to change modes. 

Referring now to the drawings, Figure 1 shows a representative flight envelope 

101 with a plurality of control law modes designed to enable GRM. Flight envelope 101 

comprises a region 103 depicting the CVFT region, wherein the CVFT region is 

preferably from 10 to 35 knots groundspeed in any direction relative to the aircraft's 

15 body axis. The lower bound of region 103 is set by the Hover Hold and Translational 

Rate Command (TRC) region 105. The upper bound of region 103 is set by the 

aircraft's sideward and rearward flight airspeed limits. 

Figure 2 is a schematic of an aircraft 201 utilizing a control system according to 

the preferred embodiment of the present invention. Figure 2 shows aircraft 201 in 

20 forward flight within region 103. Directional inputs turn aircraft 201 in a complete 360 

degree yaw movement R1, stopping every 90 degrees, and without changing the speed 

and flight heading of aircraft 201, as represented with arrow D1. In the preferred 

embodiment, the control system is utilized with rotary aircraft, i.e., a helicopter; 

however, it should be appreciated that the control system is easily and readily adaptable 

25 with control systems of different types of aircraft, both manned and unmanned. 

Figure 2 depicts aircraft 201 traveling between 10 to 35 knots in a forward 

direction. As is shown, aircraft 201 preferably turns in a yaw direction R1 at 
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approximately 90 degrees relative to direction 01. Aircraft 201 continues to turn in 

direction R1 whil.e maintaining a constant flight heading. It should be appreciated that 

the preferred control system is adapted to turn aircraft 201 at 90 degrees during each 

application; however, it should be appreciated that alternative embodiments could easily 

5 include a control system adapted to turn the aircraft at different angles, e.g., at 30 

degrees in lieu of or in addition to 90 degrees. It should also be understood that 

although shown turning in a clockwise direction, the control system can also turn the 

aircraft in a counterclockwise movement. 

Figure 2 provides an exemplary depiction of aircraft 201 turning 360 degrees 

10 while maintaining forward flight. Step 1 shows aircraft 201 traveling in a constant 

forward flight, as depicted with arrow D 1, between 10 and 35 knots. Step 2 depicts 

application of the control system, namely, the pilot utilizes the control system to rotate 

aircraft 201 in the clockwise direction approximately 90 degrees, as indicated by arrow 

R1. Step 2 shows aircraft 201 traveling in forward flight while the fuselage faces 90 

15 degrees relative to the directional movement. Steps 3-5 provide further illustration of 

the process being repeated. In particular, each time the control system is utilized, 

aircraft 201 rotates 90 degrees while maintaining a constant forward heading. 

Referring now to Figure 3 in the drawings, measured flight data 301 of aircraft 

201 is shown during a 360 degree CVFT. A plot 303 provides measured data 

20 representing the turning movement R1 of aircraft 201 during the 360 degree turn. A plot 

305 provides measured data representing the groundspeed of aircraft 201 during the 

360 degree turn. Plot 305 shows aircraft 201 initially starting at 20 knots forward 

groundspeed during the entire 360 degree CVFT. Plot 305 shows that aircraft 201 

holds a relatively steady groundspeed during the 360 degree CVFT. A plot 307 

25 provides measured data representing the ground track of aircraft 201 during the 360 

degree CVFT. The forward groundspeed plotted on a plot 309 essentially depicts a 

cosine curve during the turn, while the sideward groundspeed plotted on a plot 311 

shows a sine curve. 
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Referring now to Figure 4 in the drawings, a schematic view of aircraft 201 is 

shown changing flight heading from sideward flight to forward flight. In the exemplary 

embodiment, the CVFT control system is utilized such that aircraft 201 changes heading 

from a forward groundspeed Vx of about 0 knots and a sideward groundspeed between 

5 10-35 knots to a forward groundspeed between 10-35 knots and a sideward 

groundspeed about 0 knots. Step 1 of Figure 4 shows aircraft 401 during hover, while a 

step 2 shows aircraft 401 traveling in a sideward groundspeed between 10-35 knots, as 

depicted with arrow D2. In step 2, a right lateral control stick (not shown) is utilized to 

generate a left sideward heading. Thereafter, a right 90 degree pedal turn is applied to 

10 rotate aircraft 201 in a forward heading with a pedal 203. In the preferred embodiment, 

pedal 203 is a pedal manipulated with the pilot's foot; however, it should be appreciated 

that other forms of devices, i.e, a hand switch could be utilized in lieu of or in addition to 

pedal 203. For purposes of this invention, a lateral controller, longitudinal controller, 

and directional controller are characterized as pedal 203 or similarly suited devices. 

15 Step 3 depicts application of the CVFT control system, wherein aircraft 201 turns 90 

degrees for changing the heading of aircraft 201. 

Referring now to Figure 5 in the drawings, an alternative application of the CVFT 

control system is shown. In the exemplary embodiment, the CVFT control system is 

utilized to turn aircraft 201 from a forward groundspeed Vx between 10-35 knots and a 

20 sideward groundspeed of about 0 knots to a sideward groundspeed between 10-35 

knots and a forward groundspeed about 0 knots. Step 1 shows aircraft 201 during 

hover, while a step 2 shows aircraft 201 traveling in a forward heading having a 

groundspeed between 10-35 knots, as depicted with arrow D3. In step 2, a forward 

longitudinal stick is utilized to generate forward flight. Thereafter, a left 90 degree pedal 

25 turn is applied to rotate aircraft 201 such that the forward flight of aircraft 201 changes 

to a sideward flight heading. 

Those skilled in the art will understand that the methods for aircraft guidance 

disclosed in this invention can be applied to any combination of the following: (1) full 
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authority fly-by-wire flight control systems, as well as partial authority mechanical 

systems; (2) traditional cockpit layouts with a center stick for longitudinal and lateral 

control, pedals for directional control, and a collective stick for vertical control, as well as 

more advanced designs which combine multiple control axes into a center or side stick 

5 controller; and, (3) any aircraft capable of GRM, including both rotorcraft and jump jets. 

The key to enabling seamless and transient free GRM lies in the advanced 

control law architecture of the CVFT control system as shown in Figures 6 to 8. Figure 

6 shows architecture 601 of the CVFT control system operably associated with one or 

more longitudinal control laws, Figure 7 shows architecture 701 of the CVFT control 

10 system operably associated with one or more lateral control laws, and Figure 8 shows 

architecture 801 of the CVFT control system operably associated with one or more 

directional control laws according to the preferred embodiment of the invention. 

Referring now to Figure 6 in the drawings, architecture 601 includes one or more 

aircraft sensors 603 operably associated with the control laws to accomplish GRM. 

15 Aircraft sensors 603 can include: an inertial Navigation System (attitudes, attitude rates, 

and translational accelerations); a Global Positioning System (ground-referenced 

speeds and positions); an Air Data Computer (airspeed and barometric altitude); and, a 

Radar or Laser Altimeter (above ground level (AGL) altitude). An aircraft model can be 

obtained from aerodynamics data and a group of linear models can be developed based 

20 on its airspeed from aircraft sensors 603. These linear models include both lateral and 

longitudinal equations of motion. Since the aircraft model matrices are large and 

contain coupling terms of lateral and longitudinal motions within the matrices, it is 

difficult to determine the best performance control gains for all at the same time. In 

order to overcome these issues, the linear model of aircraft performance is decoupled 

25 first. After the aircraft model is decoupled to lateral and longitudinal equations of 

motion, the effect of coupling terms between lateral and longitudinal motions can be 

reduced to a minimum, thus stabilizing the system. 
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In the preferred embodiment, architecture 601 preferably comprises of a 

longitudinal control law for forward speed, represented as block 605 "Long_SPD"; a 

longitudinal control law for pitch angle, represented as block 607 "Long_ATT"; and, a 

longitudinal control law for pitch rate, represented as block 609 "Long_RATE". 

5 Architecture 601 is further provided with initialization logic 611 adapted for determining 

which loop is active in each axis based on flight conditions and pilot control inputs. 

Logic 611 will also re-initialize inactive loops in order to eliminate control jumps when 

switching between the loops to provide seamless and transient free mode changes. 

Architecture 601 further includes a longitudinal command 613 generated in the 

10 control laws by referencing the pilot's cockpit control input in each axis. The input to the 

control laws is the difference between the controller's present position and the centered, 

no force position, which is also referred to as the "detent" position. The control 

commands can also be generated by a beep switch located in the cockpit to command 

small and precise changes in aircraft state. The control laws process these control 

15 inputs to generate the appropriate aircraft response commands. These commands are 

then sent out to the control law guidance blocks to maneuver the aircraft. The control 

law outputs are routed to an actuator 615 for each dynamic axis. For a conventional 

helicopter, the control laws send control signals to the following actuators: longitudinal 

axis - main rotor longitudinal swashplate angle; lateral axis - main rotor lateral 

20 swashplate angle; vertical axis - main rotor collective pitch; and, directional axis - tail 

rotor collective pitch. 

Since pitch rate is the fastest longitudinal state, Long_RATE 609 is the inner loop 

of the longitudinal control laws. Next, the Long_ATT 607 loop feeds the Long_RATE 

control law 609 loop to control pitch attitude. Finally, the Long_SPD control law 605 

25 loop feeds the Long_ATT 607 loop to control forward speed. 

When flying with the longitudinal controller in detent outside of the Hover Hold / 

TRC region 105, depicted in Figure 1, the Long_SPD 605 loop will be active. At lower 

speeds, this loop will hold constant forward groundspeed, while at higher speeds, 
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airspeed will be held. Once the pilot moves the longitudinal controller out of detent, the 

control laws can command either pitch attitude (Long_A TT 607) or pitch rate 

(Long_RATE 609). 

Referring now to Figure 7 in the drawings, architecture 701 comprises one or 

5 more lateral control laws operably associated with sensors 603, logic 611, lateral 

commands 702, and actuators 615. The lateral control laws include: a lateral control of 

roll rate, represented as block 703 "Lat_RATE"; a lateral control of the roll attitude, 

represented as block 705 "Lat_ATT"; a lateral control of sideward groundspeed, 

represented as block 707 "Lat_SPD"; a lateral control of the crab angle, represented as 

10 block 709 "Lat_CRAB"; and, lateral control of heading, represented as block 711 

"Lat HOG". 

Similar to the longitudinal axis, Lat_RATE 703 is the inner loop of the lateral 

control laws and the Lat_ATT 705 loop feeds the Lat_RATE 703 loop to control roll 

attitude. The Lat_ATT 705 loop can be fed by one of three loops, Lat_SPD 707, 

15 Lat_CRAB 709, or Lat_HDG 711. 

20 

The crab angle used in the Lat_ CRAB 709 loop is computed in the control laws 

using the following equation: 

-1(Vy/) 
T/ = tan /vx (1) 

where T/ is the crab angle, VY is the sideward groundspeed with right positive, 

and Vx is the forward groundspeed. To avoid a singularity in Equation 1, Vx is limited to 

be above the Hover Hold / TRC region 103. 

When operating in the Ground-Coordinated Banked Turn (GCBT) envelope as 

shown by region 107 in Figure 1, if both the lateral and directional controllers are in 

25 detent, lateral control law logic will hold crab angle through the Lat_ CRAB 709 loop. If 
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operating in the CVFT envelope, but not in the GCBT envelope, and the lateral and 

directional controllers are in detent, the control logic will hold sideward groundspeed 

constant with the Lat_SPD 707 loop. When operating at higher airspeeds with lateral 

and directional controllers in detent, the control logic will hold heading constant with the 

5 Lat_HDG 711 loop. When the pilot moves the lateral controller out of detent in any of 

these cases, the control laws can command either roll attitude (Lat_ATT 705) or roll rate 

(Lat_RATE 703). 

Referring now to Figure 8 in the drawings, architecture 801 comprises one or 

more directional control laws operably associated with sensors 603, logic 611, 

10 commands 613, and actuators 615. The directional control laws include: directional 

control of yaw rate, represented as block 803 "Dir_RATE"; directional control of 

heading, represented as block 805 "Dir_HDG"; and, directional turn coordination, 

represented as block 807 "Dir_ TC" 

Since yaw rate is the fastest directional state, Dir_RATE 803 is the inner loop of 

15 the directional control laws. This loop is fed by the Dir_HDG 805 loop to control aircraft 

heading at lower speeds. Unlike traditional control law designs, this invention includes 

an additional loop, parallel to the Dir_HDG 805 loop, to feed the Dir_RATE 803 inner 

loop. The Dir_ TC 807 loop is used to coordinate banked turns throughout the flight 

envelope. 

20 In the GCBT envelope 107 shown in Figure 1, the Dir_ TC 807 loop will control 

crab angle during banked turns. With no directional input, the Dir_ TC 807 loop will hold 

crab angle at zero. Any directional control inputs during a GCBT will result in a change 

in crab angle in the appropriate direction. Additionally, if the aircraft is in the GCBT 

envelope, but above the CVFT envelope, directional controller inputs will command 

25 changes in crab angle through the Dir_ TC 807 loop even in non-turning flight. In this 

case, once the directional controller is returned to detent, heading hold will be re­

engaged (Dir_HDG 805 loop) and the crab angle will be held though the Lat_CRAB 709 

loop. 
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When in the BCBT envelope, the Dir_ TC 807 loop will automatically adjust yaw 

rate based on actual bank angle, true airspeed, and lateral acceleration in order to keep 

the slip ball centered. Any directional controller inputs in the BCBT envelope will 

command a change in lateral acceleration, which will subsequently result in sideslip 

5 away from the pedal input. Pedal inputs will also result in a slight roll in the direction of 

the input to provide lateral stability. 

In the absence of lateral or directional control inputs while operating in either the 

GCBT or CVFT envelopes, the directional axis will hold heading through the Dir_HDG 

805 loop. If the pilot moves the directional controller out of detent in the CVFT envelope 

10 with both the lateral and longitudinal controllers in detent, the directional control laws will 

command a yaw rate through the Dir_RATE 803 loop. In this case, the control laws will 

maintain a constant ground vector by using the Long_SPD 605 and Lat_SPD 707 loops. 

During the CVFT, when the directional controller is first moved out of detent, the 

control laws will capture the aircraft's current groundspeed in the earth axis coordinate 

15 system. The control laws keep track of the difference between the aircraft's actual 

groundspeed and the captured groundspeed. This relative groundspeed difference is 

converted from the earth axis to the aircraft's body axis using the following equations: 

20 

A vx = AVnorth . cos If/ + A veast . sin If/ 

A Vy = A veast . cos If/ - A vnorth . sin If/ 

(2) 

(3) 

where AVx is the groundspeed difference in the body axis forward direction, AV,v 

is the groundspeed difference in the body axis sideward direction with right positive, 

AVnarth is the groundspeed difference in the earth axis north direction, AV,,0" 1 is the 

groundspeed difference in the earth axis east direction, and If/ is the aircraft heading. 

The values for AV,, and AVY are then used in the Long_SPD 605 and Lat_SPD 707 

25 blocks respectively to command the pitch and roll attitudes needed to minimize the 

relative groundspeed difference during the flat turn. 
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Referring now to Figure 9 in the drawings, control law logic 901 for the CVPT 

mode is shown. Control law logic 901 comprises one or more of latch 903, latch 905, 

and latch 907 adapted to control when a mode is turned on or off. If the reset conditions 

are met, then the mode will always be off. If the reset conditions are not met, then the 

5 mode will be latched on when the set conditions are met. The CVPT mode will be reset 

whenever lateral speed hold, depicted as block 909 "Lat_SPD_ON" or a longitudinal 

speed hold, depicted as block 911 "Long_SPD_ON" are not on and will be set when the 

directional controller is out of detent. 

Both longitudinal speed hold latch 905 and lateral speed hold latch 907 will be 

10 reset when their respective controller is out of detent. Additionally, the lateral speed 

hold latch 907 will be reset when the banked turn (Bank_ Turn_ ON) or crab hold 

(Crab_ON) modes are on, or if forward speed exceeds the CVPT threshold (typically 

around 35 KGS). The longitudinal and lateral speed hold latches will be set when their 

respective acceleration falls below the acceleration threshold (typically around 2 ft/sec2
). 

15 Referring now to Figure 10 in the drawings, a control law flow chart 1001 for a 

CVFT is presented. When the directional controller is initially moved out of detent, the 

CVPT mode will be engaged. The longitudinal and lateral speed hold blocks 

(Long_SPD 605 and Lat_SPD 707) will be reinitialized to feedback the relative 

groundspeed differences calculated in equations 2 and 3. Once the directional 

20 controller is returned to detent following the CVFT, directional control laws will hold 

heading by re-engaging the Dir_HDG 805 loop. The longitudinal and lateral axes will 

continue to hold a constant ground vector until the pilot commands a change by moving 

either the longitudinal or lateral controller out of detent. This design enables the pilot to 

command and hold any crab angle around the 360 degree circle, while the aircraft 

25 continues to move across the ground on a constant vector. As shown, when the pedal 

stops, if the crab angle equals O degrees, then aircraft 201 travels in pure forward flight; 

if the crab angle is 90 degrees, aircraft 201 travels in pure right side flight; if the crab 
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angle is 180 degrees, then aircraft 201 travels in pure aft flight; and, if the crab angle is 

270 degrees, then aircraft 201 travels in pure left sideward flight. 

The particular embodiments disclosed above are illustrative only, as the invention 

may be modified and practiced in different but equivalent manners apparent to those 

5 skilled in the art having the benefit of the teachings herein. It is therefore evident that 

the particular embodiments disclosed above may be altered or modified, and all such 

variations are considered within the scope and spirit of the invention. Accordingly, the 

protection sought herein is as set forth in the description. It is apparent that an 

invention with significant advantages has been described and illustrated. Although the 

10 present invention is shown in a limited number of forms, it is not limited to just these 

forms, but is amenable to various changes and modifications without departing from the 

spirit thereof. 
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Claims 

1. An aircraft, comprising: 

a sensor carried by the aircraft, the sensor being adapted to sense a directional 

movement of the aircraft; 

an actuator carried by the aircraft, the actuator being utilized to control the 

directional movement of the aircraft; and 

a control system in data communication with the aircraft sensor and operably 

associated with the actuator, the control system having: 

a model adapted to decouple the directional movement of the aircraft into 

a lateral equation of motion and a longitudinal equation of motion; 

a lateral control architecture in data communication with the model, the 

lateral control architecture being adapted to utilize the lateral equation of motion 

to control the lateral motion of the aircraft; 

a longitudinal control architecture in data communication with the model, 

the longitudinal control architecture adapted to utilize the longitudinal equation of 

motion to control the longitudinal motion of the aircraft; and 

an initialization command logic in data communication with the lateral 

control architecture and in data communication with the longitudinal control 

architecture; 

wherein the initialization command logic selectively activates the lateral 

control architecture for controlling the lateral motion of the aircraft and selectively 

activates the longitudinal control architecture for controlling the longitudinal 

motion of the aircraft; and 

wherein the control system utilizes the lateral control architecture and the 

longitudinal control architecture to control speed variations of the aircraft while 

the aircraft maintains a constant vector heading across a ground surface. 
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2. The aircraft of claim 1, the aircraft further comprising: 

a directional controller, the directional controller being manipulated by a pilot 

controlling the aircraft, the directional controller being in data communication with the 

control system. 

3. The aircraft of claim 2, the directional control architecture comprising: 

a directional heading control loop; 

a directional turn coordination control loop; and 

a directional yaw rate control loop. 

4. The aircraft of claim 2, further comprising: 

a directional control latch in data communication with the directional control 

architecture; 

wherein, as the directional controller is moved out of a detent position, the 

15 directional control latch activates a constant vector flat turn motion. 

20 

5. The aircraft of claim 1, the lateral control architecture comprising: 

a lateral sideward groundspeed control loop; 

a lateral roll attitude control loop; and 

a lateral roll rate control loop. 

6. The aircraft of claim 5, further comprising: 

a lateral controller carried by the aircraft, the lateral controller being manipulated 

by a pilot controlling the aircraft, the lateral controller creating a lateral command in data 

25 communication with the lateral sideward groundspeed control loop, the lateral roll 

attitude control loop, and the lateral roll rate control loop. 

7. The aircraft of claim 6, further comprising: 

a lateral control latch in data communication with the control system; 
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wherein, as the lateral controller is moved out of a detent position, the lateral 

control latch resets a lateral speed hold. 

8. 

9. 

The aircraft of claim 1, the longitudinal control architecture comprising: 

a longitudinal forward speed control loop; 

a longitudinal pitch angle control loop; and 

a longitudinal pitch rate control loop. 

The aircraft of claim 8, the longitudinal control architecture further comprising: 

a longitudinal controller carried by the aircraft, the longitudinal controller being 

manipulated by a pilot controlling the aircraft, the longitudinal controller creating a 

longitudinal command in data communication with the longitudinal forward speed control 

loop, the longitudinal pitch angle control loop, and the longitudinal pitch rate control 

loop. 

10. The aircraft of claim 9, further comprising: 

a longitudinal control latch in data communication with the control system; 

wherein, as the longitudinal controller is moved out of a detent position, the 

longitudinal control latch resets a longitudinal speed hold. 

11. A method to control flat yawing turns of an aircraft while maintaining a constant 

vector heading across a ground surface, the method comprising: 

sensing the speed variation of the aircraft with a sensor carried by the aircraft, 

the speed variation having: 

25 a longitudinal direction of motion; and 

a lateral direction of motion; 

controlling the speed variation of the aircraft with actuators operably associated 

with the aircraft; 

providing a control system in data communication with the aircraft sensor and 

30 operably associated with the actuators, the control system having: 
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a model; 

a lateral control architecture; 

a longitudinal control architecture; and 

an initialization command logic in data communication with the lateral 

control architecture and in data communication with the longitudinal control 

architecture; 

decoupling the directional movement of the aircraft into the lateral equation of 

motion and the longitudinal equation of motion with the model; 

controlling the lateral direction of motion with a lateral control architecture, the 

10 lateral control architecture utilizing the lateral equation of motion; 

controlling the longitudinal direction of motion with a longitudinal control 

architecture, the longitudinal control architecture utilizing the longitudinal equation of 

motion; and 

selectively activating the lateral control architecture and the longitudinal control 

15 architecture with the initialization command logic; 

20 

25 

30 

wherein the control system receives sensed speed variation data from the sensor 

and operably controls the actuators, thus providing selective control of the yawing turns 

of the aircraft while maintaining a constant vector across a ground surface. 

12. The method of claim 11, the method further comprising: 

commanding the flat yawing turns with a directional controller manipulated by a 

pilot controlllng the aircraft, the directional controller being operably associated with a 

directional control architecture, the directional control architecture being in data 

communication with the control system. 

13. The method of claim 12, wherein the commanding of the flat yawing turns with 

the directional control architecture comprises: 

communicating data through a directional heading control loop; 

communicating data through a directional turn coordination control loop; and 

communicating data through a directional yaw rate control loop. 

Page 84 of 135



WO 2012/134460 PCT/US2011/030498 

- 18 -

14. The method of claim 12, further comprising: 

activating the constant vector flat turn with a directional control latch as the 

directional controller is moved out of a detent position, the directional control latch being 

5 operably associated with the directional control architecture. 

15. The method of claim 11, wherein controlling the lateral direction of motion with 

the lateral control architecture comprises: 

communicating lateral motion data through a lateral sideward groundspeed 

10 control loop; 

15 

20 

16. 

communicating lateral motion data through a lateral roll attitude control loop; and 

communicating lateral motion data through a lateral roll rate control loop. 

The method of claim 11, further comprising: 

controlling the lateral direction of motion with a lateral controller manipulated by a 

pilot controlling the aircraft, the lateral controller being operably associated with the 

lateral control architecture. 

17. The aircraft of claim 16, further comprising: 

resetting a lateral speed hold with a lateral control latch as the lateral controller is 

moved out of a detent position, the lateral control latch being in data communication 

with the lateral control architecture. 

18. The method of claim 17, wherein controlling the longitudinal direction of motion 

25 with the longitudinal control architecture comprises: 

communicating longitudinal motion data through a longitudinal forward speed 

control loop; 

communicating longitudinal motion data through a longitudinal pitch angle control 

loop; and 
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communicating longitudinal motion data through a longitudinal pitch rate control 

loop. 

19. The aircraft of claim 11, the longitudinal control architecture further comprising: 

controlling the longitudinal direction of motion with a longitudinal controller 

manipulated by a pilot controlling the aircraft, the longitudinal controller being operably 

associated with the longitudinal control architecture. 

20. The aircraft of claim 19, further comprising: 

resetting a longitudinal speed hold with a longitudinal control latch as the 

longitudinal controller is moved out of a detent position, the longitudinal control latch 

being in data communication with the longitudinal control architecture. 
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ABOVE-IDENTIFIED APPLICATION SPECIAL UNDER THE PCT-PPH PILOT PROGRAM. 

The above-identified application is (1) a national stage entry of the corresponding PCT application, or (2) a national. stage entry of 
another PCT application which claims priority to the corresponding PCT application, or (3) a national application that claims 
domestic/ foreign priority to the corresponding PCT application, or (4) a national application which forms the basis for the priority 
claim in the corresponding PCT application, or (5) a continuing application of a U.S. application that satisfies one of (1) to (4) 
above, or (6) a U.S. application that claims domestic benefit to a U.S. provisional application which forms the basis for the priority 
claim in the corresponding PCT application. 

The corresponding PCT application number(s) is/are: PCT/US11/30498 

The international filing date of the corresponding PCT application(s) is/are: 03/30/2011 

I. List of Required Documents: 

a. A copy of the latest international work product (WO/ISA, WO/IPEA, or IPER) in the above-identified 
corresponding PCT application(s) 

□ is attached. 

0 is not attached because the document is already in the U.S. application. 

b. A copy of all claims which were indicated as having novelty, inventive step and industrial applicability 
in the above-identified corresponding PCT application(s) 

□ is attached. 

0 is not attached because the document is already in the U.S. application. 

C. English translations of the documents in a. and b. above are attached (if the documents are not in the 
English language). A statement that the English translation is accurate is attached for the document in 
b. above. 

d. (1) An information disclosure statement listing the documents cited in the international work products 
(ISR, WO/ISA, WO/IPEA, IPER) of the corresponding PCT application. 

□ is attached. 

0 has already been filed in the above-identified U.S. application on 02/21/2012 

(2) Copies of all documents (except for U.S. patents or U.S. patent application publications) 

□ are attached. 

0 have already been filed in the above-identified U.S. application on 02/21/2012 

[Page 1 of 2] 

This collection of information is required by 35 U.S.C. 119, 37 CFR 1.55, and 37 CFR 1.102(d). The information is required to obtain or retain 
a benefit by the public, which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 
37 CFR 1.11 and 1.14. This collection is estimated to take 2 hours to complete, including gathering, preparing, and submitting the completed 
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to 
complete this form and/or suggestions for reducing this burden should be sent to the Chief Information Officer, U.S. Patent and Trademark 
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO 
THIS ADDRESS. 
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PTO/SB/20PCT-US (09-10) 
Approved for use through 01/31/2015. 0MB 0651-0058 

U.S. Patent and Trademark Office; U.S DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

REQUEST FOR PARTICIPATION IN THE PCT-PPH PILOT PROGRAM IN A 
U.S. APPLICATION WHERE THE USPTO WAS THE ISA OR IPEA 

(continued) 

Application No.: I PCT/US11/30498 I First Named Inventor: I Kevin T. Christensen 

II. Claims Correspondence Table: 

Patentable Claims in 
Claims in US Application the corresponding PCT Explanation regarding the correspondence 

aoolication 

1-20 1-20 

Ill. All the claims in the US application sufficiently correspond to the patentable claims in the 
corresponding PCT application. 

SiQnature /jamesewalton pat/ Date 

~p~~~Tvoed) James E. Walton Registration Number 4 7245 
[Page 2 of 2] 
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Electronic Acknowledgement Receipt 

EFSID: 12313619 

Application Number: 13391522 

International Application Number: 

Confirmation Number: 6391 

Title of Invention: Flight Control Laws for Constant Vector Flat Turns 

First Named Inventor/Applicant Name: Kevin T. Christensen 

Customer Number: 38441 

Filer: James Edward Walton 

Filer Authorized By: 

Attorney Docket Number: 0837RF-H793-US 

Receipt Date: 15-MAR-2012 

Filing Date: 

Time Stamp: 14:54:17 

Application Type: U.S. National Stage under 35 USC 371 

Payment information: 

Submitted with Payment I no 

File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

224410 

1 RequestPPH20120315.pdf yes 4 
1 cb0604e878c1 0ee3ea00b3423f9046c4d2 

e9a71 

Page 98 of 135



Multipart Description/PDF files in .zip description 

Document Description Start End 

Miscellaneous Incoming Letter 1 2 

Petition to make Special under PCT-Patent Pros Hwy 3 4 

Warnings: 

Information: 

Total Files Size (in bytes) 224410 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Attorney Docket No. 0837RF-H793-US 

In Re Application of: § 
§ Examiner: TO BE ASSIGNED 

KEVIN T. CHRISTENSEN, ET AL. § 
§ 

Serial No: 13/391,522 § 
§ Art Unit: TO BE ASSIGNED 

Filed: 21 FEBRUARY 2012 § 
§ 

For: FLIGHT CONTROL LAWS FOR § 
CONSTANT VECTOR FLAT TURNS § Cont. No.: 6391 

TRANSMITTAL 

Filed via EFS-Web 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313-1450 

Sir: 

Please file the following enclosed documents In the subject National-Stage 

application: 

1. This Transmittal with Certificate of Transmission; and 
2. Request for Participation in the Patent Cooperation Treaty - Patent 

Prosecution Highway (PCT-PPH) Pilot Program (PTO/SB/20PCT-US). 

CERTIFICATE OF TRANSMISSION UNDER 37 C.F.R. § 1.8(a)(1)(i)(C) 

Date of Transmission: 

I hereby certify that this correspondence is being transmitted to the U.S. Patent and 
Trademark Office (USPTO) via the USPTO electronic filing system (EFS-Web) on 
the date shown above. 

By: 

Transmittal 
Attorney Docket No. 0837RF-H793-US 
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The above-listed documents are being filed via the U.S. Patent and Trademark 

Office's EFS-Web electronic filing system. No fees are deemed to be necessary; 

however, the Commissioner is hereby authorized to charge any additional fees which may 

be required, or credit any overpayments, to Deposit Account No. 502806. 

3/Jgrz_ . , 
Date 

Respectfully submitted, 

Ja~ton 
Registration No. 47,245 
Law Offices of James E. Walton, P.L.L.C. 
1169 N. Burleson Blvd., Suite 107-328 
Burleson,Texas76028 
(817) 447-9955 (Voice) 
(817) 447-9954 (Facsimile) 
jim@waltonpllc.com (Email) 

CUSTOMER NO. 38441 

ATTORNEY FOR APPLICANTS 

Transmittal 
Attorney Docket No. 0837RF-H793-US 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

LAW OFFICES OF JAMES E. WALTON, PLLC 
1169N. BURLESON BLVD. 
SUITE 107-328 
BURLESON, TX 76028 

In re Application of 
Kevin T. Christensen 
Application No.: 13/391,522 
Deposited: February 21, 2012 
Attorney Docket No.: 0837RF-H793-US 
For: FLIGHT CONTROL LAWS FOR 
CONSTANT VECTOR FLAT TURNS 

Commissioner for Patents 
United States Patent and Trademark Office 

P.O. Box 1450 
Alexandria, VA 22313-1450 

www.uspto.gov 

MAILED 
MAY 2 3 2012 

OFFICE OF PETITIONS 

: DECISION ON REQUEST TO 
: PARTICIPATE IN THE PATENT 
: PROSECUTION HIGHWAY 
: PROGRAM AND PETITION 
: TO MAKE SPECIAL UNDER 
: 37 CFR l.102(a) 

This is a decision on the request to participate in the PCT Patent Prosecution Highway (PCT­
PPH) pilot program and the petition under 37 CFR l.102(a), filed on March 15, 2012, to make 
the above-identified application special. 

The request and petition are GRANTED. 

Discussion 

A grantable request to participate in the PCT-PPH pilot program and petition to make special 
require: 

(1) The U.S. application must have an eligible relationship to one or more PCT applications 
where the ISA or IPEA are the Australia, Austria, EPO, Finland, JPO, KIPO, NPI, Russia, Spain, 
Sweden, USPTO, or CHINA; 

(2) At least one claim in the PCT application has novelty, inventive step, and industrial 
applicability and must be free of any observations in Box VIII in the latest work product in the 
international stage or applicant must identify and explain why the claim(s) is/are not subject to 
the observation in Box VIII; 

(3) Applicant must submit a copy of the claim(s) from the PCT application(s) that have novelty, 
inventive step, and industrial applicability along with an English translation thereof and a 
statement that the English translation is accurate, if the claims are not in the English language; 
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Application No. 13/391,522 

(4) All the claims in the U.S. application must sufficiently correspond or be amended to 
sufficiently correspond to the_ claim(s) that have novelty, inventive step, and industrial 
applicability in the PCT application(s); 

(5) Examination of the U.S. application has not begun; 

Page 2 

(6) Applicant must submit a copy of the latest international work product from the PCT 
application indicating that the claim(s) have novelty, inventive step, and industrial applicability 
along with an English translation thereof and a statement that the English translation is accurate 
if the latest international work product is not in the English language; 

(7) Applicant must submit an IDS listing the documents cited by the PCT examiner in the 
international work product along with copies of documents except U.S. patents or U.S. patent 
application publications. 

The request to participate in the PCT-PPH pilot program and petition comply with the above 
requirements. Accordingly, the above-identified application has been accorded "special" status. 

Telephone inquiries concerning this decision should be directed to the undersigned at (571) 272-
3226. All other inquiries concerning the examination or status of the application is accessible in 
the PAIR system at http://www.uspto.gov/ebc.index.html. 

This application will be forwarded to the examiner for action on the merits commensurate with 
this decision. 

I Andrea Smith/ 
Andrea Smith 
Petitions Examiner 
Office of Petitions 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

U.S. APPLICATION NUMBER NO. FIRST NAMED APPLICANT ATTY. DOCKET NO. 

13/391,522 

38441 

Kevin Thomas Christensen 0837RF-H793-US 

LAW OFFICES OF JAMES E. WAL TON, PLLC 
1169 N. BURLESON BLVD. 
SUITE 107-328 
BURLESON, TX 76028 

Date Mailed: 05/29/2012 

INTERNATIONAL APPLICATION NO. 

PCT/US 11/30498 
I.A. FILING DATE PRIORITY DATE 

03/30/2011 

CONFIRMATION NO. 6391 
371 ACCEPTANCE LETTER 

11111111111111111111111111111111111111111111111 IJ~l~]~]~~~!W~~~~~~I~ 

NOTICE OF ACCEPTANCE OF APPLICATION UNDER 35 U.S.C 371 AND 37 CFR 1.495 

The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as a 
Designated/ Elected Office (37 CFR 1.495), has determined that the above identified international application has 
met the requirements of 35 U.S.C. 371, and is ACCEPTED for national patentability examination in the United 
States Patent and Trademark Office. 

The United States Application Number assigned to the application is shown above and the relevant dates are: 

02/21/2012 
DATE OF RECEIPT OF 35 U.S.C. 371 (c)(1 ), 

(c)(2) and (c)(4) REQUIREMENTS 

02/21/2012 
DATE OF COMPLETION OF ALL 
35 U.S.C. 371 REQUIREMENTS 

A Filing Receipt (PTO-103X) will be issued for the present application in due course. THE DATE APPEARING 
ON THE FILING RECEIPT AS THE" FILING DATE" IS THE DATE ON WHICH THE LAST OF THE 35 
U.S.C. 371 (c)(1), (c)(2) and (c)(4) REQUIREMENTS HAS BEEN RECEIVED IN THE OFFICE. THIS DATE 
IS SHOWN ABOVE. The filing date of the above identified application is the international filing date of the 
international application (Article 11 (3) and 35 U.S.C. 363). Once the Filing Receipt has been received, send all 
correspondence to the Group Art Unit designated thereon. 

The following items have been received: 

• Copy of the International Application filed on 02/21/2012 
• Copy of the International Search Report filed on 02/21/2012 
• Information Disclosure Statements filed on 02/21/2012 
• Oath or Declaration filed on 02/21/2012 
• Request for Immediate Examination filed on 02/21/2012 
• U.S. Basic National Fees filed on 02/21/2012 
• Assignee Statement for PGPUB filed on 02/21/2012 

Applicant is reminded that any communications to the United States Patent and Trademark Office must be mailed 
to the address given in the heading and include the U.S. application no. shown above (37 CFR 1.5) 

FORM PCT/DO/EO/903 (371 Acceptance Notice) 

JOHN L ANDERSON 

Telephone: (571) 272-0385 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

13/391,522 

38441 

FILING or 
37l(c)DATE 

02/21/2012 

GRPART 

UNIT FIL FEE REC'D 

380 

LAW OFFICES OF JAMES E. WALTON, PLLC 
1169 N. BURLESON BLVD. 
SUITE 107-328 
BURLESON, TX 76028 

Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

0837RF-H793-US 20 2 
CONFIRMATION NO. 6391 

FILING RECEIPT 

1111111111111111111111 ll]~!l]!~l!~l!~Hi~!~H] 111111111111111 IIII IIII 

Date Mailed: 05/29/2012 

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination 
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the 
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, 
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. 
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please 
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the 
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit 
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply 
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant( s) 
Kevin Thomas Christensen, Plano, TX; 
Shyhpyng Jack Shue, Grapevine, TX; 
Troy Sheldon Caudill, Burleson, TX; 

Assignment For Published Patent Application 
Bell Helicopter Textron Inc., Fort Worth, TX 

Power of Attorney: The patent practitioners associated with Customer Number 38441 

Domestic Priority data as claimed by applicant 
This application is a 371 of PCT/US11/30498 03/30/2011 

Foreign Applications (You may be eligible to benefit from the Patent Prosecution Highway program at the 
USPTO. Please see http://www.uspto.gov for more information.) 

If Required, Foreign Filing License Granted: 05/23/2012 

The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 13/391,522 

Projected Publication Date: 10/04/2012 

Non-Publication Request: No 

Early Publication Request: No 
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Title 

Flight Control Laws for Constant Vector Flat Turns 

Preliminary Class 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 
of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best 
country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/391,522 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 380 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 0.00 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 0.00 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 60 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 250 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 0.00 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 380 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR ~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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MULTIPLE DEPENDENT CLAIM Application Number Filing Date 

FEE CALCULATION SHEET 
13391522 

Substitute for Form PTO-1360 
Applicant(s) Kevin Christensen (For use with Form PTO/SB/06) 

* May be used for additional claims or amendments 

CLAIMS AS FILED AFTER FIRST AFTER SECOND * * * 
AMENDMENT AMENDMENT 

lndep I Depend lndep I Depend lndep I Depend lndep I Depend lndep I Depend lndep I Depend 

1 1 51 

2 1 52 

3 1 53 

4 1 54 

5 1 55 

6 1 56 

7 1 57 

8 1 58 

9 1 59 

10 1 60 

11 1 61 

12 1 62 

13 1 63 

14 1 64 

15 1 65 

16 1 66 

17 1 67 

18 1 68 

19 1 69 

20 1 70 

21 71 

22 72 

23 73 

24 74 

25 75 

26 76 

27 77 

28 78 

29 79 

30 80 

31 81 

32 82 

33 83 

34 84 

35 85 

36 86 

37 87 

38 88 

39 89 

40 90 

41 91 

42 92 

43 93 

44 94 

45 95 

46 96 

47 97 

48 98 

49 99 

50 100 

Total lndep 2 0 0 

Total 18 .J 0 .J 0 .J 
Depend 

Total 20 0 0 
Claims 
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13391522 

PLUS Search Results for S/N 13391522, Searched Tue Jul 10 15:22:10 EDT 2012 
The Patent Linguistics Utility System (PLUS) is a USPTO automated search system 

for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which 
produces a list of patents that are most closely related linguistically to the application 
searched. This search was prepared by the staff of the Scientific and Technical Information 
Center, SIRA. 

5908176 99 
3554469 98 
3556442 98 
3556444 98 
3558027 98 
3558082 98 
3559929 98 
3565370 98 
3568960 98 
3569690 98 
3570503 98 
3570786 98 
3570789 98 
3572612 98 
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this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
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having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Notice of Allowability 

Application No. 

13/391,522 
Examiner 

TAN Q. NGUYEN 

Applicant(s) 

CHRISTENSEN ET AL. 
Art Unit 

3661 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. [8J This communication is responsive to 3/30/2011. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; 
the restriction requirement and election have been incorporated into this action. 

3. [8J The allowed claim(s) is/are 1-20. 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. □ A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF 
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient. 

6. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

(a) D including changes required by the Notice of Draftsperson's Patent Drawing Review ( PTO-948) attached 

1) D hereto or 2) D to Paper No./Mail Date __ . 

(b) D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 

Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121 {d). 

7. □ DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. [8J Notice of References Cited (PTO-892) 

2. D Notice of Draftperson's Patent Drawing Review (PTO-948) 

3. [8J Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date 2/21/2012 

4. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

/TAN Q NGUYEN/ 
Primary Examiner, Art Unit 3661 

U.S. Patent and Trademark Office 

5. D Notice of Informal Patent Application 

6. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

7. D Examiner's Amendment/Comment 

8. [8J Examiner's Statement of Reasons for Allowance 

9. D Other __ . 
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Application/Control Number: 13/391,522 

Art Unit: 3661 

EXAMINER'S STATEMENT OF REASONS FOR ALLOWANCE 

1. This communication is an Examiner's reasons for allowance in response to 

Page 2 

application filed on March 30, 2011, assigned serial 13/391,522 and titled "FLIGHT 

CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS". 

2. The following is the Examiner's statement of reasons for the indication of 

allowable subject matter: 

a. After carefully reviewing the application in light of the prior art of record and 

the searches of all the possible areas relevant to the present application, a set of related 

prior art references has been found, but those prior art references are not deemed 

strong to make the application unpatentable. Thus, it is found that the application is 

now in condition for allowance. 

b. Although the prior art disclose several claimed limitations, none of the 

references teaches an aircraft and method to control flat yawing turn of an aircraft while 

maintaining a constant vector heading across a ground surface which includes at least a 

sensor for sensing a directional movement of the aircraft, an actuator for controlling the 

directional movement of the aircraft, a control system in data communication with the 

aircraft sensor and operably associated with the actuator, wherein the control system 

having a model adapted to decouple the directional movement of the aircraft into a 

lateral equation of motion and a longitudinal equation of motion, a lateral control 

architecture in data communication with the model for utilizing the lateral equation of 

motion to control the lateral motion of the aircraft, a longitudinal control architecture in 

data communication with the model for utilizing the longitudinal equation of motion to 

control the longitudinal motion of the aircraft, and an initialization command logic in data 

communication with the lateral control architecture and in data communication with the 
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Application/Control Number: 13/391,522 

Art Unit: 3661 

Page 3 

longitudinal control architecture, wherein the initialization command logic selectively 

activates the lateral control architecture for controlling the lateral motion of the aircraft 

and selectively activates the longitudinal control architecture for controlling the 

longitudinal motion of the aircraft, wherein the control system utilizes the lateral control 

architecture and the longitudinal control architecture to control speed variations of the 

aircraft while the aircraft maintains a constant vector heading across a ground surface 

(claims 1 and 11 ). 

c. Claims 1-20 are allowable over the prior art of record. 

3. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to examiner Tan Nguyen, whose telephone number is 
(571) 272-6966. The examiner can normally be reached on Monday-Thursday from 
6:30 AM-5:00 PM 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Thomas Black, can be reached on (571) 272-6956. 

Any response to this action should be mailed to: 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

or faxed to the Central Fax: (571) 273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 

August 3, 2012 

/TAN Q. NGUYEN/ 
Primary Examiner 

Art Unit 3661 
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Application/Control No. Applicant(s)/Patent Under 
Reexamination 

13/391,522 CHRISTENSEN ET AL. 
Notice of References Cited 

Examiner Art Unit 

TAN Q. NGUYEN 3661 
Page 1 of 1 

U.S. PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Name Classification 

* A US-2006/0186261 A 1 08-2006 Unzicker, Stefan 244/012.1 

* B US-2008/0234881 A 1 09-2008 Cherepinsky et al. 701/7 

* C US-2010/0308178 A 1 12-2010 Gemmati et al. 244/230 

D US-

E US-

F US-

G US-

H US-

I US-

J US-

K US-

L US-

M US-

FOREIGN PATENT DOCUMENTS 

* 
Document Number Date 

Country Code-Number-Kind Code MM-YYYY Country Name Classification 

N 

0 

p 

Q 

R 

s 

T 

NON-PATENT DOCUMENTS 

* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages) 

u 

V 

w 

X 

*A copy of this reference 1s not being furnished with this Office action. (See MPEP § 707.05(a).) 
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign. 

U.S. Patent and Trademark Office 

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20120729 
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13/391,522 12/11/2012 

38441 7590 11/21/2012 

LAW OFFICES OF JAMES E. WALTON, PLLC 
1169 N. BURLESON BLVD. 
SUITE 107-328 
BURLESON, TX 76028 

PATENT NO. 

8332082 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria, Virginia 22313-1450 
www .uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

0837RF-H793-US 6391 

ISSUE NOTIFICATION 

The projected patent number and issue date are specified above. 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include 
an indication of the adjustment on the front page. 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information 
Retrieval (PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the 
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee 
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management 
(ODM) at (571)-272-4200. 

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants): 

Kevin Thomas Christensen, Plano, TX; 
Shyhpyng Jack Shue, Grapevine, TX; 
Troy Sheldon Caudill, Burleson, TX; 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 
works to encourage and facilitate business investment. To learn more about why the USA is the best country in 
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 

IR103 (Rev. 10/09) Page 134 of 135



Case 2:22-cv-00351-R\NS-RSP Document 4 Filed 09/09/22 Page 1 of 1 PagelD #: 289 

AO 120 (Rev. 08/10} 

Mail Stop 8 REPORT ON THE 
TO: 

Director of the U.S. Patent and Trademark Office 
P,O. Box 1450 

FILING OR DETER.MINA TION OF AN 
ACTION REGARDING A PATENT OR 

TRADEMARK Alexandria, VA 22313-1450 

[n Compliance with 35 1-LS.C. § 290 and/or 15 U.S.C. § l l 16 you are hereby advised that a court action has been 

filed in tile U.S. District Court Eastern District of Texas, Marst1all Division on the following 

D Trademarks or ~Patents. ( D the patent ac110n invoives 35 U.S.C:. § 292.): 

DOCKET NO. DATEF[LED U.S. rnSTRlCT COURT 
2:22-cv-00351-RWS-~ 9/9/2022 Eastern District of Texas, Marshall Division 

PLAfNTIFF DEFENDANT 

Textron Innovations Inc. SZ OJI Technology Co., Ltd., DJI Europe B.V., SZ DJI 
Baiwang Technology Co. Ltd., and iFlight Technology 
Company Ltd. 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 10,275,950 4/30/2019 Textron Innovations Inc. 

2 8,332,082 12/1 i/2012 Textron Innovations Inc. 

3 8,682,505 3/25/2014 Textron Innovations Inc. 

4 11,288,972 3/29/2022 Textron Innovations Inc. 

5 

In the above-entitled case, the following patent(s)/ trademark(s) have been included: 

DA TE INCLUDED INCLUDED BY 

n Amendment □ Answer □ Cross Bill □ Other Pleadrng 

PATENTOR DATE OF PATENT 
HOLDER OF PATENT OR TRADEMARK 

TRADEMARK NO. OR TRADEMARK 

l 

2 

3 

4 

5 

[n. the above----·entitled case, the following decision has been rendered or judgement issued: 

DECJSIONiJUDGEMENT 

I (llYJ DEPUTY (WRK 

Co1iy 1-----Upon initiatioll of action, mail this copy to Director Copy 3-----lJ,ion termination of adion, mail this copy to Director 
Copy 2----·IJJJOll filing documellt adding patellt(s), mail this copy to Director Copy 4-----Case file copy 
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