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SRR ) mnea no
DYNAMIC ATRCRAFT RESPONSE' STUDY

A studv was conducted to daterminc the effect of thrust reverser

deployn.nt 1n flight on the mmtion of: the lircraft Thil ltudv
"included both am analvtical phane nnd flight testl

."Longi;pdinul - Laternl qupled Mntionn.

At the outset of the inveutigatinn, 6 dlgrec-of freedom calculationsg

wue mtde aluuming that the nirplme ‘was distutbed from its trimd |
.~,flight condition at an nltitude of 15,000 feet lnd M o= 0 35 |
d(VC o 175 Kno;a)uby deployment of the thrust reverserron one engine.
: ;Fdll deploymédé,of the_thruat feverser'ffoﬁ its stowed condition

;occurred in 1 0- secomd _The disturbance mnmnnts introducid into the

R equat:l.ona of motion, Cmo = 081 Cny = =i 008 géo '_ -.002 were

:'jobtnincd from Appendix A and the stlbility derivativel uued in. all

the calculations are given in refcrcncc 1 For this calculation,”‘j
L;f;iéig";. 28 c and X. c_f_'36 e for a stltic mdrgin of 08 The couputld
”:tiun hiutaries shown in figur- 1 indicltl thnt thc lidnllip angla,/qi
;'}_roll velocity, R and ynw velocitv. R are of lmall magnitudo nnd |
,fifthus the coupling betwean the lnterll nnd longitudinnl notions is :
jfnegligible This point was checkcd furth.r by indcpnndent calculntionl
~of l:he 1ateral and longitudinal motionl. A cowatilon of thue rnult- v
':with the 6 degroc-of—frendon rclultl cunfirnmd tha fact thlt thn .

.°-“llttta1 and 1ongitud1nnl mntions nre in elstncq not couplld lnd

JE,jthat the aircraft 8 1 airal mntiqns are only slightly lffcctnd by

:"tthrust Teverser deploymnnt nnd rendily controllable by the pilat nnd
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Jor autepilot.

.On the basis of the furugoing plus the flct that thnre are. 0bv10u|
constraints on the airplnne s angle. of nttnek ol , amd normal acce-
leration, g, all aubscqucnt lnllyleu ‘and cnlculatioml of the nffect

:'of t‘hrust reverser deployment were made for the aircrnft'l longitu—:_

o dinnl 'mt_ion'l. V

Pre=Flight Test Gnlculaficns

Priorto the flight tests, it was ~decided that the tests would be

' *iﬁ:m;de at the following flight conditign

aen = O3 b
" Aleltude = 15,000 feer
Weight = 15,500 lbs
. c.g. = 23 T

Fllpl Deflncttd 12" s

ottrm = 5 3'

‘ _,Thn rlﬂultl uf thn nlculltionl nr- -hawn 1n figutn 2 for the calel

"uf m;ine tut lmd mgim idln GM- agﬂn :hn thru-t rw-rur 1- ansumsd|

T"i=lte hc fully deploycd in 1.0 lccand With the rtsultlnt pitching monent
"HJt: dilturbanc-n obtuined from wind tunnel tcnts CAppundix A) of Cmo 027
.ml 081 for the cut md i-die cueu, i?upuum&y Fou emgime ﬂh,
‘:*"Ae(-vs' :éorrupmding tﬂ As ~ 1 thtuu for cngim cut Aa(vvz'
vi. Ag o 0 4 The ability of th. pilot to cnntr@l ‘tha disturbed

mtion wal investigated by aaluming t‘hlt ut the tJL-l the thtult

ISSUE: © . . . . e L S L js019-D
'Ry '|mn nny
. ',lil‘iﬂ"liU' 1u1n -.-mu




AU INTWT TRINGT TP O
ISRAEL AIRCRAFT ‘INDUSTRIES LTD. @
LOD AIRPORT ISRAEL - Ty Amun 7B

REPORT No. 4820/10483 . oo

SUBJECT:' _ (NP1

:1;Bhow a reduction in the peak‘dok : between 23 to 30/ and the alrplane

l‘i;before t = l 0 second (aaaumed'in;

E'NLCorrelatian of Flgght Tests with Calculatienl;;gﬂef}f-x;="=? Lh

“L.eFigures 45”

 ttgaresy w

'i::zdgfe giYEn;dﬁ;@‘Ch‘fi!“re Thg case of figure 6 referred to as Burst
‘a..representifan'incraase in engine RPM (from'33% RPMgtd:ASZ.RPM)“ffOﬁ“VEL‘

75ff:tthe nircraft s trimmed flight (Uﬂxiﬂe at’ 337 RPH) with thrunt revtrser;
"'-‘:._-_'._dcplo’yed Suffice to state that the agreement b"':"“ﬂ fliﬁht te.'t“ .

'ﬁij_and clleu tiona 1s excellent, the differencea beimg g

the dlaturbed Cmo = 081, in our eaae a .f- 6 3%, in two and three

"returns to 1ts trlmmed flight candition This-result ia cqnaervative

. a) The pllot would probably apply eontrol when he senses - -the

| rated in view of the expnnded acale uned in the figures

: Dgtailtd time histeries of the flight recorda, ineluding the foeet“'t;-

mnol mo

reverser was fully deployed the pilot pushed the stick forward

The elevator was deflected to’ a magnitude auffieient to oppoae

Beconda, respectively The reaulta presented in figure- 3n and 3b

since :

. airplane 8. pitching veloeitv of l 0 to 2 0 /Sec, which occurs

b) The rate of control defleetion applied by the pilot w0u1d be P

much greater than the rate aauumed in the caleulationl.

3l conpare the flight tests (diaerete peints‘cn;"

dealculatiohn (COntinuous curves). The flight conditionu

ISSUE: _
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nnvl ano

ability to: control the motion, note in f1gures 4a and Sa 3

_ applied elevator control when the pitchlng velocity was in the order of

These values of Cmo were used in the calculations made in flgures 4 - 6

- Note the excellent agreement for the cut case for the wind tunnel value

“_and flight determined value 0,

._ C’”O ' [( .f?*eadj 57‘&_._

' lFor the Burst case, the { Cgr

Bﬁ{a"’- -p?‘;/_ymew

"m)hefore deplovment was determined _by

lsatisfying the condition of zero pitch‘lrg-‘moment with a stabilize'r

- position kncmm f‘rom the flight tes, o

-.-_l.f':Calculltions fot Propoued Fligh':.

' "“:"I\wo flig’nt C‘.DndltlonB, take—off and cruise; ‘We e.:'-:ae._ ected tO Pmdic'i

.hl{the airplane 8 flight behaviour in telponae ;o the thrug
‘:edeployment - o
i) Take of f - Flaps 12% -
 Gross weight =15, 000 1b5‘__ o
,,:-,;:c-Qg_, - 287 MAC- i

."ISA SEA LEVEL

' f.v “ vz = 120 KCAS

" '__f'rake of fnrward thrust = 3044 1b_ff'_ L

WSOE L ew

u'-mw' - T

"IIJ'H:I

‘ -”3? nwniu-

".-r'n_m S
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ifrom.the flight tests (figure 7)

n‘than idle, an automatlc system enters 1nto operation 1/2 second after

'.-?'The idle thrust is 226 lbs for crulse condition and 93 1bs for take'

E}ﬁof Cmo is. obtalned

,.:To he conﬂervat{vt for the. take—off calculation the &ashnd Curvn of
.r‘lfigure 8 labeled Cmg 170 was used Alsa, it was. ﬂl!umtd that thn

_ ‘pilot wauld aDPIY elevator to control the motion as pitch velocity ;~

&.;reached about 1 /Bec Figure 9 shnws that the pilot controll the

:_:(oc raim " 90 ) A sketch of. f—“

i) qruise |

case of unwanted deployment of the thrust reverser at power greater
1 the ‘onset of thrust reverser and reduceu the power to 1dl¢ in 4 secondl

.off condition respectivelv Then by uuing the time—history of thru-t

:in conjunctlon with Cmo =-{ ( _T%%s

TND1 Ao

grss weight = 15,000 lbs
7 mid c.g. = 25% Mﬁﬂ,n- .
'is_A, 41,009,1?‘1: alt-itudel.; )

Thirust as Fequiréd for level Elight = 1332 1b

Figure 8 shows time histories of thrust reverser deployment, Thrust

and Cm, for take off and cruise. Thé Cmng was.ﬁésed on‘thefdata obtained

The,varlatlon of the thrust w1th t1me resulta from thn fact that in

) from figure 7, the time history

_.pert:urbed mot:l.on in oL to less than 4',- corresponding to a Aj"" 2. 5—

1a also shcwn m figun 9 '-'_.*‘j.“ll’:f ".": =
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_some elevetor control in about 3 or. more seconds after the distur"

mnea1 mpo

For cruise.flight, the celculaticms included the effect of the
autopilot on the nirplehe"e*motiode:; Hwever'i-n" thia flight oondition
1t was assumed that the pilot did not anply any elevator inputs

throughout the flight. In actual flight the pilot WOuld probably apply

- occurs. The autopilot in attitude hold activates hoth the elevator-
~and stabilizer in response to the Cmo disturbance. An analysis of

- the closed 1oop svstem, including the autopilot 3 servo torque cape-

bility and stabilizer trim Speed indicated th‘t_an effective elevator

deflection,: I (deg ) i O 73 + 0 2t would‘be generated to oppose

the perturbed motion This effective fc is' bas:ed on wind tunnel
J;tab:hzer

results showin g that

-3

The pertinent data for this flight and the resultunt motione are’
'-shown in figure 10 The peek total nngle of uttnek is about 7. 5

"whioh corresponds to a CL of 0 85 At this Mach number of 0 7 with:'f;

‘a CL of 0 85 the flight telt resulta indicate that the airplane - '

s "is on the boundury of buffet oneet. _ i DI '-

'f}RErEnENcEs

L. IAI Report 4220/3009 __.‘_"(‘ommodore Jet ~ Lateral md Longitudinal

'Stability Derivativan - Lnteral amd

Longi tudinal Stab 1lity

2. TAT Report 4490/10563 .Westwind 1124 - Wind Tunnal Tests. wigh o

'T/R Stowed and Deployed

ISSUE;
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FLIGHT TE3T REPORT

DATE: 2 dan TC

i : i 1 izht time: - 1:20 e 1
Tirme of drpnrturc 415 Flight time Number of lmdlugs. - — 1 AIRCRAFT: 1124/1%4
wing t1R camore dn risht tip Pom————

A T/0 WE]GHT 16165 10 T/0 CG._23% EXTERNAL CONDITION: tank CREW: Pilot Levine

METEO: Wind D/BJ0/03 R/W_30 __ Pr ground 1011 mb & ground _24° C. [—HbaHdf8
- . . PURPOSE OF FLIGHT:
in-rlirht deplovment of

. -

Units Used ____ Vs Z_ 0i____ Time: GMI/LOCAL thrust roversers

e A o € it s W S b e ooy A e e

OBSERVATIONS ON AIRCRAFT AND EQUIPMENT: . "

AL

1. Oece Flight Test Discrepancies Report for thi# flight., It ia recom:wended to parform
a general integrity check of the flight control iystem, aft controlrsurfaces, engine install
ation und aft furelage structure due to exceaalve v1brationa encounterud dur ng ertended -

per10u with deplo;ed thrust reverser while- airborne. I

i

TEST AS CARRIED OUT: | | _—

2, Prior to the flighf, an éxtenaive checkout was performed ourthq ground Wi th the.right
engine thrust.reverser system to verify normal system'operaiion, i perticular ope*atioq'bf
the special 1n—f11nht deployment switch and wethods of closing the buckets. once deployed.
¥ax reverse thrust was chﬂcked to be 757 N1 on both engines.
3« Wnen airborne, at 15,000 ft, one stall was performed with 12 deg flaps and idle thr*st
to verify the vidration level and obtain a bauug of comparisonfwith v1brat;on levels &ntl-%

cipated during deployed operatlon.

4. At 15,000 ft, 150 KIAS, with 12 _deg flans, left engine idle and right engine cut, the

risht thrust reverser was deployed, Deployment was photocraphed with 8 wing tip camera and
-, other cameras, including TV, from a chase airﬁlunn. Vzndmill rpm on the right englne prior

to donloj'ment was N =11.4?;; N‘=6 Ofé. The deploynent was nomul end +he airplane reﬂctcd

with a mild nltchup, slight yaw and roll to the right and sudden *ncreqae in v1bra+1on level

The pitchup was countered by normel pilot reactlon w1th the controls....2 to 3 deg nose dowrn

ele:Tuor, 2 deg right rudder and slight rlght alleron. The conflvuratlon wes eventuauly

trlmmuole, with approx. 0,6 ‘deg nose down pitch trlm. Vlbratlon level was anleasant but
 not alarnuag, belng of a low frequency and randomn nature, and felt throggh the controls &s
well ua_thrcughout,the airplene. W:ndmlll rom decayed on. the right engune to N =6.8u, N

Page 1 of " % Pages 0;8% This was exercise 10.5. 4 on the flight cards, .

PAGE:_"'2 7
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Flight Test Report 3189/102 '

5. Ex. 10.5.5 With the right engine cut and its thrust ‘reverser deployed, and the left

engine at idle, ‘the airplane was decelarated to 130 ¥XAS and returmed to 150 KILS. Througn—

out this speed range the alrplane was easily controlled and probably even trimmable. No -
change in buffet level was noted. i ' T -
6. Ex. 10.5.6 At 150 KIA;,_the power on the left engine was brou ght up to meintain leval

_ flight at 15,000 ft, Reguired N1 was Approx. 92%, The airplane wdh\Z;jll easily controlled

though mor%Ar&dder deflection and force were required to malntain balupoed flight and max

left rudder trim was not qu1te sufficient to keep the ball in the mid&¥é. The pitch change

if’sny, was negligible. Buffet level was unchanged. T ' /

7. Ex. 10.5.7 With power for level flight at 150 KIAS (927 N, on left engine), the airnlme

wpz decolerated to 130 FIAS. Again, it was easlly controlled w1th no sigﬂiflcant change 1n

ritch or yaw or buffet-level,

8. Ex. 10. 5 8. The airplane vas returned to 150 FIAS and then accelerated to 180 ﬁIAS,_ (:j

lOllowad Oj application of apnrox. climb thrust rating on the loft engine .(987% L ) As
eed lncrLL“ed from 170 KIAS, the buffet chenged, with a slight reducticn in the random

low frequency noise and the introduction of hlﬁher constant frequency, coming in wevea as in

1

e node, This addltional vibration was more notlceable through the airframe rather than throu,

~ the control system.

9. EBy. 10.5.9 At 150 KlAS, with the rigﬁt.engine'still cut, the thruat reverser w@s stowed.
Wing tip ceamera was operatéd during stowage, The stow ﬁés normal &nd the airpiane reacted
with a very mild pltchdown which was easily corrected by‘élight_nose up elevator., All
buffeting ceased. _ ' - | _: ..

10. Ex. 10.5.10 At 15,000 ft, 150 KIAS, 12 deg flaps and both engines at 1dle, the right
thrust reverser wes again deployed. Right engine N, dropped approx. 1.5 and ITT rose appro:
‘30? €. The deployment was normal and the airplane reac£ion was similar to the deployment . {
with the cut engine. Pitchup was slirhtly greater, as was yaw and roll, but &gain the airpl.
vas easlly controlled by normal pilot reaction of a little forward whecl and left rudder.

Approx. S deg of nose down elevator was required,...ﬁ to 8 kg ﬁorce....and 3 to 4 deg of -Tudd

" Vibration level was increased but still was not cause for alarm., TFrequency content was probe

unchanged, The airplane was trimued in pitch and the controls releesed,.....the wheel eould
be seen to be vibrating fore and aft with gn amplitude of approx. 2 to 3 em peak to peak.
11. Ex. 10.5.11 thru .14 The airplané was decelerated to 130 KIAS and accelerated to 200

" KIAS with application of thrust on the left engine up to 98% N « In all cases it waa con—

trollable and probebly trlmmable about all axes. Agaln, as speed ‘increased abcve 170 KIAS,
low frequency noise dlminished and the higher frequency node appeared

Page 2 of 3 pages : S = | N a ': T
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I  pAGE: 28



F‘w,n\smm-vvnuw i =
L. T nn
¢

. 4820 /10483

12, Ex, 10. 5.14a A% 150 XI4S, throttle burats were performed with the 11ght engﬁne.

The r1pht power lever wes advanced o approx. 5063 N, and then chopped to idle, simuiating

1
the action of the throttle retarder mechanism. This burst technigue was repeated to pess

i of 637 and T2 N Ny» with momentary stabilizations at peak rpm and sudden chops to idle.

o o
Flignt Test Roport 3109/102 o
i Arplere reaction to all bursts and chops was mild, with pitchup during the burst and rose

-; drop-during the chop. In ell cases it was eacily controlled by normel pilot reactions

via the controls. The only signiflcant chanpe was a not1CFable increace in beIet level

was quite

olnerved via the control wheel as thrust level wos ircreased. Buffet at '7._,..N1

*rorc.

1%, ©xz. 10.5.15 At epprox, 165 KIAS, the right cnglne st111 at idle, the pilot &ttt empted

to atow the buckets, by selecting STOW p051t10n of the in-flight deyloy switch. The chasze
nilot renortei that the buckets did not stow completely, closing very gllbhtly awey Ifrom the
fully deployed condition.  As airspeed was slowly reduced, the buckets traversed more and e
towerds the stowed position ahd'finally at 157 KIAS,'complete étow wag achieved. This, by
the way, was exectly the speed indicated by Grumman as the max cloaure speed with 1dls thrus!
adrplane rcaction during thls slow stowage was normal and thnroubhly controllable, |
14, Ex. 10. 5 15a 4% 150 KIAS and with flaps fully up, rlbht enpine at idle, the right
reveraer was deployed, Airplane reaction was agaln normal, with essentially nc change in.
‘reaction compared 0 1ts behavior with 12 deg flaps. Buffet level might have been slightly
imcreased with the O flap configuration. | — '
15. gx. 10. 5 20 thru .22 During thie series of exercises the problem of lani.ng w1th
one deployed bucket was explored. The alrplane was flown with 12, 20 end 40 deg flaps _
" nd left engine power up to climb rating (987) at speeds down to 115 KIAS (approx. 1.2 VS).
i During slow speed flight, rolling and pitching contrel was eveluated, lio cortrollability
'é problem was encountered dufing these rﬂﬂé at apnrox. 8,000 I't t6, 10,000 ft and it vas décide
I to sftempt a landing with the right reverser'déployed and 40 deg
125 ¥IAS minimum, equivalent to 1,3 Vs plus 10 kt.
16. Ex. 10.5,23 and .24 At 3,000 ft and 150 ¥IA3, 20 flaps, an id1@ deploy was made.

A relatively normal single engine ]andlng was completad, using 40 deg Ilepa on firal artroac
and 135 "I’S‘deceleratlng into 125 XIAS on short final. The glideslope was held with 90 to
9‘” F on the TPft.englne. 4 left crosswind of approx. 5 kit at 90 deg rrevailed at the time

n tOhChﬂCﬂn, both thrust TEvergsers Were de“loyad for a normal rollout without brekes applic

TR P S

As, an abnorzal procedure, . 1t might be wise to use not more than 20 deg flars end an “on
speed” apprcach in order to av01d possible high. sink rates whlch would be wore difficult "t
cﬂ"rect uith avallable thrust on the oparatlng engine with 40 deg flapa than with 20 deV.
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'APPENDIX A

SUMMARY 01" WIND TUNNEL DATA WITH THRUST

REVERSER STOWED AND DEPLOYED

';.The aerodynamic coefficients obtained during the,wind tunnel test

described in the W1nd Tunnel Report 4&90/10563 (Reference 2) with
the thrust reverser stowed and deployed were plotted in the following

figures versus: the pressure of the ejector f‘g

-The data are glven for 0 6 and 12 degrees angle of attack and 8

0 and 8 degrees sidealip angle and for flaps up and down at 12

The moment coefflcients Cin» qx -and’ Cn are given around the balance‘ih_‘

, vitual-center‘ 9 4558” forward nnd 58” below the lircrlft cg

-f .lt 302 MAE and in the wing refarence plnmo (Dimenaionl are given

'”; abov: for the l/lO ncal: modnl)

”ﬂ The mnss flow through the nacqlle varieu wich the ejoctor total

. prglsure point whan the thruat raverunr is stowed

Co pt | ';f  iﬂfvr ' j;Mann'flow nugsgred in the nacelle
S (PSI) C o i inlet'(Kg/aee)
.30:‘.fi;_;'.'1 o .1%0.
ISSUE; :n&x1n ' . o “} - .": Do T 8019:0
: : ‘l:l"lm!.l

’ﬁf;mvnm

11111: 30 'nm.r o
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'dynamic interference due to’ the jet. deflection.g’

. with enginefcut and power‘on-et e{-.- 0 6 end 12 degtees and

l'zgj...-s; Q-end 8 degrees, are_giyen‘. The moments coeff ciente i.

TThie.coefficienteVrepreeent onl&*theﬁ_

the engine jet with the thrust reverser deployed and the airframe._il;j

i

When the thrust reverser ig deployed the mass flow during the test

was constant equal to\.lOO kg/eec no matter what was'the ejector_pt.

Therefore we draw one’ 1ine through all the points for the stowed

configuratlon at pt =0, 30 ‘50 and 76 PSI and one line parallel to-

constant the. aerodynamlc coefficient should be also constant.
Subetracting the values of the coefficients with thevthrUSt reverser

deployed from the values with-the-thrust=reeer§er”3toWed we find

the aerodynamic coefflclents 1ncreaments that represent the aero—

,Fwa conditions were considered :

i) when pt = 0 that will simulate a ccmdltion w:Lth the engine cu

i1) when pt = 76 PSI that will 51mu1ate a condition when the Qu“—

. engine is worklng. It is difficult to"know what powerf

Settiﬂg

'merc than.idle.

was simulated but we believe that semethi

POWer-wae-obtained._‘-T”:::‘“

‘The mﬂtrices of the aerodynamlc interference fo

It
L

.Were‘recalculatedﬁfordthe afe c.gifh
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. The moment coefficients due;tcifhéffe#éfséﬂfthiust.weréiadded,

o wliere h dnd ¢ .are the vertica:

Jet velocity Vj to“the aireraft‘vnlocity'vn fihia becau&e the ratio..
 'vj/V is a measure of the downw
.air inflow into the engine jet This downwnsh 15 the main aource of the

.naerodynamic interference. ;;"

line and:aifﬁréff 6g,:b_is:fﬁe mean aerodynamic chord,'b the wing

nmnNa Mo

to the interference coefficientsafter being computed by formulas -

ateral distﬁhce*bétWEeﬁ'the §ﬁru$£'

span; S wing afea, q the dyﬁamic pressure and T the reversed thrust.

- a 3the aircrnft tail due to free
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