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t P px103 Cg.
altitude ft F C In.Hg Lb per ft slug per £ ft per sec
-2000 881 . 188 321 2274 253 1124 54
u] 59.0 150 299 2116 2.38 1116.89
1000 554 13.0 289 2041 231 1113.05
2000 518 11.0 278 1968 2.24 1108.18
3000 48.3 g1 268 1897 2.18 1105.31
4000 44 7 1 258 1828 211 1101 .43
5000 412 51 24 90 1761 205 1097 .53
10000 23 3 -48 2086 1455 1.76 1077 81
15000 b5 -15 1689 1184 1:50 1057 .73
20000 =143 -25 138 g72.5 1.2¢ 1037.26
25000 -30.2 -35 11.10 7885 1.07 1016.38
30000 -48.0 -44 8.88 B284 0.88 995 .06
36089 -69.7 -57 6.68 4727 071 968 46
40000 -69.7 -57 5.54 391.7 0.585 968 46
50000 -69.7 -57 343 24272 0.362 968 46
60000 -69.7 -57 212 149 .8 0.224 968 46
70000 -69.7 -57 1.32 93 .52 0.1388 968 46
t standard temperature e Density
B pressure Ce Standard speed of sound
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Airfoil profiles of different shapes.

-+ F A

TAPERED LEADING EDGE, TAPERED LEADING
STRAIGHT TRAILING EDGE  AND TRAILING EDGES

A+

PTBACK STRAIGHT LEADING AND STRAIGHT LEADING EDGE,
SW:.\“LESC TRAILING EDGES TAPERED TRAILING EDGE

DELTA WING

Wing planforms.
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Airfoil Terminology
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SUPERSONIC FLIGHT
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SUPERSONIC

FLOW ) fNDRMAL SHOCK
MAXIMUM LOCAL VELOCITY

IS LESS THAN SONIC SEPARATION

M= .50
(A)
MAXIMUM LOCAL VELOCITY -
S EQUAL TO SONIC
M= .72
NUMBER)

NORMAL

SUPERSONIC -~ SHOCK
FLOW SUBSONIC M =1.05
. et A P P A W W e )

<)

~BOwW — ¥ ~— sussoNIC
WAVE" AIRFLOW

How to improve critical mach number :

Cid> 0 Mo 4 oo, b ool el 9dee Jol> Mrie o Shockwave (gl wws o5 g shilea-
S a5 s shileng . ol 03905 ;8,0 o] OMKLLL 1)545 4 aslls )y SUPETSONIC oj9> 4 |) o5 )4l
oo & dudlae 1) (6ol g a5 Sgdue 3 b Ly Shockwave LS5 4 a>g L ays 3 ol
3 Sl youdl 3 (slaloylye (cOmmercial aviation) 5 il aleslss lis o &5 ol bl
9 3jlass Sige g s 25005 43, Syl Iy SUDSONIC 1, gdid 3. 77T T4T (92 o b
oy ol 3 2ty ..\Ji,u.. OSila jeb 40.8590> (553 45 cull Mt cusgame ple ol 0 &5 cl b
Pl ool 3,90 535 35k Ol sete 5 Il

Thin Wings ;U LU -)

clisol opl Jlaie 4> 8 g 0ad Jb (53, ;0 lsn acceleration oo Ju oYU il aslae a5 (g shilen
M PO9) Cll> )09 ol g Sy 4 509 airflow g i acceleration o3l Pt
310 56 4 1y Mirip ojles ( thinner) 2561, Ju g 03,5 2a8 1, Jb sbioul 51 o - dewy petly>

wing chord
wing thickness t e

Fineness ratio =
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Sy | Gleisbe cand Yol Jb oo 5l i (S350 9,5 B3l (s By ol yo @l oosidn o940 5
fineness o3ly L bl 4o . wpae 2als |, Range g ool zals |, fuel jjle cud,b Lk g 00
cig b Jb a3l e cupe il @ Gy Sl Gl Culrs g b Sy G S 85 gt ST Ratio
. ol 5
Wing sweep — back -Y
sy plos cul AIT flOW Siljlge 4 JU 59 087 SSb straight bl sl)lo Leslen 51, sane als
aolys Mot & (5,500 JS3 ;8 jl 5095 (b iz e oad acceleration s b YU bl o lga
airliners ;o Joe)d 5 cdl anlys 0940 Merites les SWeEp —back 1) Jb p5as 3.b 51 > o,
Sy 39l oo W |y (5 MKk gly ol 5o Bl 15 . cal 450 YO og0> SWEED 4yl 2Sus
ob,> Spanwise <S> 5l s puSel> sl b Jb 4igS ol )0 .0gus tip stall >g0 Spanwise Vgl
Lad A 058 YAW [l GUSE < 3,55 1,0 Lewlsn 51 imen. d5iue uas WING fence lga
sl salys 1oll 41, Lsslen JU o8 Lift .

Hint: Wing sweep back improves directional stability

/I \ M= 82— S

8

Aircraft sweep angle. Wing fences. (Gates Learjet Corporation)

Lower Aspect Ratio -Y
32 S S8 ST > @l 00,5 cumo Induced drag  zals ;9= o» AR, 21581 Lle 590,80 DL3
ool e M dasns AR aals o5 pill o
b oaxg LS siad gl Sle airfoil Salusg sl ole <2 L Supercritical wings-¥
ol 58l 9040 Merit (L3 alaiie mhas JSS

.—

CONVENTIONAL WING DESIGN SUPERCRITICAL WING DESIGN THIN SUPERCRITICAL WING DESIGN

Supercritical wings.

Supersonic Ducts
sl Sbyr Oz 90 S Sl subsonic ob,> Ko ducts s Sge Gsile slen b, L8,

gl oolazul convergent duct jl cc u 2alS gl g divergent duct 3 S 2l
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Aoy a2 Looslgn 53 Tift (59,05 pline o5 (55 4.l FUNWAY &1 515 (900 (53508 ol g ot

g 4y G gattiin St jow (Zamsls JU jokaie ol (sl g 90,500 ool JU Lo lifting surfaces

g 099ei S5 > ik (59) Wb Lewlya J5 a2t ;0 il oderer o2 & JU g Wy 97 9 3L 4zl

Forces acting on a helicopter while hovering. 200,50 Ayl Wb s S > peen)
g OISl 13 5 S Jly sl 35,5 it s il 5 el sy
OSeoe algaslad &8 > 5 Sy Al g0y 0Bk 4l oS >

A o YL S5 ly sile o alplias 2 b aSl S oo
blade ,» . Wl .LSA_ Wi, Ju Lié (main rotor) ol .

g i
: S 5 538,585 ,0b o990 a0 a5 cslairfoll Slads )]
HOVERING ol S 0,91 o p—al )3 ) lift 59,05 RPM g alo> a4
Iy 03,5 ;295le )39 5 o T (9,05 a5 a8l (gl 48 4 S 5
WSl ey DS ool 4z p8 9 0 aslys 2ty (e 5| pgSle
' WEIGHT alol> lift gg,5 51 Jl> o5 walys 22y olrate of climb
V'V s aslss (hover) la ;o ol 4 08 2580e 03,5 (g5ls 159 L

Sy ol y5ise 5 90 Ken el ;usSle j5i5e Lawsi MAIN TOOT (25 2 (sl 5 9,50 59509,
3L; les main rotor ks Soluog sl JYs 4 5> . asl (turboshaft) e b g Syies g5 )
Moo SN iun )09 80unsy Sigeo Cat yow asdg; s ItIP sSpeed (1L (high aspect ratio)c..
199 002l T aaily Koo plsl Gzl gl g, ooyl D dalgs 020,5 aalllas DUE a5 T 4
JB S e o Jie S, ailg 45 g 0oy Judis g0l Jlode 4 1) ,5590 590 Transmission
iz Fussels Lay i3 > el a5 ool main rotor torque JouJl LSe 2 oSle G ax g
: Cowl 00l s po ,0 Tail rotor ales -5l 05 225 glpg 99iue MaAIN rotor s > Se

5 i o Gl b 5 e3ges g ETUSE odis 53 5 0z e Ko g7 o s 3 S

 Sgdume 0y yaile ol el 5,51 (oo o2l )3
HELICOPTER CONTROLS

s le i 5 4 usSde ol )

Collective pitch control -\

0 dan dygly a2y YL 1l 515 azils J13 (Ll G o 53 (o Jay s 9z e Ol 0
g amil Lzalydl liftacs 0 g RPM uile ol 5,8 L) azil i3l Ll main rotor  le
s 42wd (pl Soip CISw 5390 97 oo throttle a5 cul axg LB . C3; sales YU 1Sl
Joe ol o ol o> ulad wlats 523 1, ygige S aBalS 00i3 b olyas wlgioe ol S 4 LIS 5 035,
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Conditions for horizontal flight
in a helicopter.

RESULTANT LIFT

THRUST

DIRECTION
OF FIGHT

SIDEWARD FLIGHT

=
rDRAG

WEIGHT

LIFT

RESULTANT

THRUST

DIRECTION

FORWARD FLIGHT OF FLIGHT

WEIGHT

LIFT  RESULTANT

THRUST

DIRECTION
OF FLIGHT

DRAG
REARWARD FLIGHT

WEIGHT

Coning of the rotor blades.

Cyeclic pitch control -Y

S gl il STy ol 8 Ll gslr 5o 4 ol
95l 083 &8 > e 4 Sy ol a g, sSile 0o
o & 7 950e 000 &5 > 8l 4 STy de a4,
. 3ga5 Jaly3 oS > (crabbing ).,.s b

a rotor disk 5945 Jilog g, s 005 polai b azl
Sy el S0 Ay oo 3140 (5 AilGe oy
P3Sa Gl 3 Ja Gl g St Caas et 0

A Sgdue abix>de ol L 0 pde & sosWash plate

2 ok s e S 4y Slyp (g 4 azgilins Sola

c Colien g laleslen o

" Directional control -Y
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Dissymmetry of lift

Ol blades (g5, o alie bl s o pw 1) gl b 3pme jus hOVer consy 0 50U a5 olKin
o> 125mph ce ,u b 55<0e 259 Jg <ol 400mph b ass S'e  as Cao s pgad ool Gb Mie 5 ol
9) o2 S0 3 (advancing blade) o, i 450 SO Gl 4y a S Cuns )80 g9lud ! ;K00 g ,ms
9) U 455 3 525 mph e alaxd (5 paal b g, G Ak Cee o9 0l 5l g 4225 (retreating blade)
>ge |, hftu,.).»w poc g8 &) S gy a5 5 ~-|,-5,_‘=_\;L-,J_zds.;u!6,?¢ . 9gune 275 mph
axs tip speed g5 L3 o] JUaSl ceps b ans Lsx.as»_.&).mud.u fo> dgtira oddliie oyl by 0l ales
alox aygl; atdl .Cusl o5 g dguote ;ugSde Caej a5 Sl HblS ed 4 g Wil BBl g e ]y g, s

oz [ It o))LE5 pae ga> L5 425 ol 5 a8 ol (Swil iy, omb 455 o 5l g o8 (Sl oy, YU ais

s
T oy
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/ / \‘s i /,—""\ \
a0 300 100 0 100 200 40 275 150 0 125 250 400 25 125MPH
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\\ ///

\.
‘-.___, P -4- )3
HOVERING FORWARD FLIGHT

Autorotation
039 A > 55 masd Ol (59,5 gals 4 j5eme b s )51 (s o 4 2eSle j5ige Slyp e anl o S
51 a5 95 Autorotation ol a4 g 09t o main rotor i3, > dsb Joo opl 3o &85 > il @ g, 29
N by 4 ol il (50,5 02lie (09 Shigals Sl 4 iz sz o ol 50 WS Canilos 35Sda bgin
15 o3 GhselS a e 4 (65940 Lo, eSCla turboshaft co s jgige )5 . 0 gl 1) g0 (] LLS)|
I ede 4 e Sdn el 8 e oL wled oo ahal |) LLS )| ol 395 4 595 free wheeling unit ;015
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o YL aligs &0 any Lol ailyn G y2eSds g4i ol 0 -SiNgle rotor contra rotating 4

ka-25- slameSle . wleis 225 1) a0 alyys d) 5LS g 00s ;> o2 S 93 ol A 3,05 5925 ;oS

oy ot 5y 27-32

Kamov Ka-50
)5 Sed i (tandem) wa yu Sty &g 4 b allyy 0 Sls g4 o0l 0 - Tandem rotor 5
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WEIGHT & BALANCE

2 e 6 Gl Sadsn g Ji5 5 50 Calonglsa(CG) JiS 5 1o aats 5 anslone w0 Somen (ol jslaie
A5l (LU abl Wlgas (6,8 ,L 5 Sldes £95 Jday CG Laglsa 550 a5 ol JIS03T 401 Loylgn 5ls
$ly ShlacRANEE) 03500 Sy (531951 Sltaloj] b ol ot 3.5 Slowlons b Lagylyd S w5Le 5, ol 5
55 e dlno & pladl Lalgm (6,05 Sl g abogyjo ramasiie (Ghojgale 18,0 g - dleis 205 CG
xS > Sopat] yud 53 09 Lo flgy o3l 925 1,8 abogy o RANGE 10 45 5 )50)0 5 00505 Ji
Bl (5 003 Oy Sl (San 050 99 4 LlE (5,5 40,5 )5 Range 0 CG b sgis s syoos
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255 improper-loading cJl> ol 4 a5 55,5
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Longer Take-off Run - Cols sl it Ghgo Y
Lower angle of climb S5 Tyl oS asgly ¥
Lower rate of climb S5 Tyl oS Gliee ¥
Lower ceiling ' Sloys yuoS cain 0
Increased fuel consumption Sl SSgw Spas F
Increased wear on tires kS i gl Y
Increase in stall speed S oilely cee pur oli8l A
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Weight Weight Weight Weight
50 Ib. 50 Ib. 50'1b. . 100 Ib.
Arm Arm Arm Arm
“‘ '
Fulcrum A Fulcrum Fé A
|-|-—100” 100~ |—| l-L 100~ 50"**-IJ
Equal Equal
5.000 Ib.=in. Moments 5.000 Ib.-in | 5,000 Ib.—in. Moments 5,000 Ib.—in.

Saxdge (et g dewlne 0555 0550 0 Eoy & pladl 4S5 L3
- peiled (591 S 1) pae Mol i el g el J 55 5
b 4 5 Cwslaglon JI5- 059 5l o)Le Empty weight -
Aol 9929 Wb Loglsn 10 a5 Cowl DBl alS Jols o st

Locating the CG in an irregular
body.
S EW 052 55390 (189, 9 900 ()39 s ol j 031
Sl EWajr i 5 0550 50 95290 Sy iim 089 03 (I
S g )9 Sgaw (30,5 JI> jlaw aS il a5 Wb Les
s> (unusable fuel )(Residual fuel)  alg) ;5 ouilossl,

- 3gd0 igua M- 5

Laglsa o5 ol 59 5lxe 25T0> Take off weight -Y
2l lada g adl aals wilgze TO e o

Jaie ol adl. cdb e type certificate data sheet
airliners 5 cay ol G5 g loj Lol b g 0090 Gllas
3l Jsb 5 bxe sleo g ol5'55,3 Pressure altitude «, 4> g b

Dgdan Gl demslona b 5lgy g0 5l JBis
Ramp g5, Lylsn G 451, 59 25Te> Ramp weight -Y
5 9 Wl 595 0,5 5 1B ygige (59,5 by sl 5L 390 (LS r50 Jold 457 anyg8 ail anils wilgzes
sekie cpl sl (6oL cS g (alrliners) S; slloaslsn 45 cils axgraul wilus Wb oo 4 (taXi)

The trial method for locating the
CG of an airplane.

Aislaiis 3 a0

A 7] "y e it [} e :
P e e, e ] TR
~ 360" >|=— —— 840" ———
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PAYLOAD

. EQUIPMENT
FOR FLIGHT

Landing | j2ij9 9 99,5 bz 99,8 41 )lab Laglga (sl adly cle & 5l oo 50 )ft L]'l_> Cowl 208
b 5 oo ,ai] dly Cansd e (ot iz & 1 5 w5 fuel dump Wb asb 2., weight
les Byl 1y LS (39 o5 Byas

039 ol &5 ansS 1y Cusls sl 039 S 5 EW) JB 059 o SIS Useful load -0
. <l fuel ,o0il , crew , cargo, passenger

PO '|).,| 3299 o3luil g ol CG &S > jlxe o3gazs & o)lal 75 3 S Hshilon CG Range -¥
. <l type certificate data sheet

0 130" 581" 860.2 1040.9” 17me .

: BODY x
MAC -
180.7°1 STATION ITEM
3 ; 0 DATUM LINE
'// 130" NOSE OF AIRPLANE
-V 581" £GOF FORWARD CARGO
i 7 0.2 LEADING EDGE OF MAC
e T B 1040.9" TRATLING EDGE OF MAC
1066" CG OF AFTER CARGO
CG LIMITS
FORWARD AFT
% ;5%
860.2 ' --.}.‘,32'7"
¥
) s _ { MAC) I

Location of CG Limits
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52 5370 My S g ol Al 2 59088 b ol il jme o &) Capnd 95 iz (sloyglitS pgazs
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&y 503,85 cusl) scales alwg (Readings) ous owlys polie &jg0 ol 48 . Sgdue plovl . dgian
Tare  lgc o l,stand (9> on leveling ol a3, IS Jilog ;9 Det weight 0,51 cosas
yjScale aw yoo)ly (439 (59w A (g3 45 Cansl iy . puiSin o abgs e SCale soc 5l weight

o Gan Jp 515 anlys conty |y EW Ll (6 gz g s ( 31 2 39a) (53lpn Lolyp o &7
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Empty CG Location
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adg polie g azils 13 (N/W) gles 7 > (55> datum line .5 peas 5.b oS o5 Jo! aliws
c3mde Hlis |y avwloe ogou Jgas all odal Casis OUF 0 Tz A Sy ead
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10001b
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2500
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D 10001b i e
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LW 2500X=7500
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Modification
S ole pitel, EWCGEW o sl fuge oSt ebine I00a e oo d 55ue lobuctlin 1,3
obiie Cyean 4 0gd az3liS I+ 654k 15 Ib (359 4 (VHF) g0l gt 485 poas Jlonlge
521 abais )3 14Tb o559 45 (655555 950555 9 ool axsloy 215 abaii 5l aigy 11 (39 4 9290 45155
peiSes Gl iz 1) 23> EWCG sgis ailss
items W A M
EWAC | 1220 25 | 30500
RADIO | 15 | 65 975
GENremd| -11 .|-21.5| 2365
GENinsd | 14 | -21 | 294
A/C 1238 ] X 314175

X = (31417.5)/(1238) = 25.38

lowylgn (555, _
35S Gews3 1y JB 5550 62500 o Sl 39790 S slonilsn S 3550 53 5 DU

EW = 1500 1b
EWCG=+11

€G limit=10-20

Seats 2at+ 16, 2 at+ 50
Max cargo 100Ib at + 75
Fuel 40 gal at + 18

Oil 2 galat -30

e e 3)b 4 Syge ool ,eey0 o) J3Range 3 CG s aliode a5 jshilen
. 3905 COITECHION 4 pl3l bl load shifting Lload removal

ol > AEUMINIMUM - gosjf eolind & b5 ol Koe W & B Jilosjl aws > Hint
: Ol 3:b )90
METO , _ Mffo s

Minimum fuel =
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loading graph , CG envelope ol 4 Jlo O)l> 4l JI5 ;0 0,05 jslaie 4 laleylsn o Hint
CG IS cusbge g 3g0i lay |, ;_g)Q 24 by moment Lu,w slge il 5} eolizul b aS o jls 094
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. 3165 Reduction factor
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FUEL LOADING TABLE ' CARGO LOADING TABLE
e ) 'wgiﬁ‘ Moment/1000
an in —
1&3 oy Pounds | Hold A Hold Arms
Arm MOM i 6.000 6,396
1000 5,000 2,905 5,330
4,000 2,324 4,264
3,000 1,743 3,198
894.7 8947 10,000 8168 8168 2,000 1162 2132
895.4 9402 10,500 816.6 8574 1,000 ss1 | 1088
896.1 9857 11,000 8165 8982 200 o s
896.8 10313 11,500 816.3 9387 e poe prsecd
897.5 10770 12,000 816.1 9793 700 w1l 748
8989 11685 13,000 8158 10605 s 2o pe
900.3 12604 14,000 8155 11417 oxl 50 3
901.7 13525 15,000 8153 12230 o 232 poee- |
904.5 - 15377 17,000 815.1 13857 g T i
907.8 17248 19,000 815.0 15485 0 o 33
910.1 18202 20,000 814.9 16298 g s pis
STAB TRIM SETTING
Flaps
Fuel dump rates with all boost Tank #1 850 Ibs/min. 5 ] .mmi_ P
pumps on, all dump ralves open Tank #2 1100 Ibs/min CG - .
and both nozzle valves open are: | Tamk 43 850 Ibs/min Units _Airplane Noss Upy
10 | 63/4] 71/2 | 81/
_ 122 |61/2] 7174 | 8
, 4 |61/4] 7 73/4
PASSENGER LOADING TABLE 16 |6 64 | 712
PR I e pvey T FE I
Passengers Pounds MOM/1000 MOM/1000 2 |ls 5 3/4 61/8
24 |43/4|51/4 | 58
: e = s 26 |41/2| 43/ | 51/4
306
é x BN l?: 265 28 |4 412 | 434
10 1700 820 1530 30 |{33/4]4 41/4
32 |31/2| 3314 | &
15 2550 123 2295
i i o 3060 3 |31/a| 3178 | 3112
25 4250 2050 3825 36 |23/4] 3 3
40 6800 3280 6120 38 |21/2]| 212 | 2112
50 8500 4100 7650 a0 |2172) 212 | 212
a2 |212] 212 | 2112

Weight & Balance Data
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\WEIGHT AND BALAGNCE

WEIGHT AND BALANCE MINI-EXAM

AIRPLANE SPECIFICATIONS
(N527J7)

DATUM LINE

0 135 390 BODY STATIONS 1050

MAXIMUM TAKEOFF GROSSWEIGHTITOGW) .. ... ... iiiiiiirrsssnaaanenss 206,000 bs.
MAXIMUM LANDING GROSSWEIGHTILGW) . . ... .o a i eaaa e e s 168,000 Ibs.
MAXIMUM ZERO FUEL WEIGHTIZFW) .. .. ... iiiiracinosansmasioivanviiiueis 135,000 tbs.

BASIC OPERATINGWEIGHTIBOW) .. ........ .. cocnureonanesiosancncnancannssns

94,230 ibs
BASICEMPTVWEIGHT oo ot et i L e ool o ol 0 SR R 90,460 Ibs
NOSE GEAR WEIGHT AT BASIC EMPTY WEIGHT .. .cvvmunnimmnaaenaeeeanana.. 4,300 Ibs.
LEFT MAIN GEAR WEIGHT AT BASIC EMPTY WEIGHT ... v i o s 52 43,000 dbs,
RIGHT MAIN GEAR AT BASIC EMPTY WEIGHT ... .. .oiiiunaanninerninaeaanness 43,160 Ibs.
BOWCG T e e S LA ST -36.0% MAC
o T R R Body Station 945
TEMACH Gt BN e Lol cs D e e Body Station 1155
MOMENT CHANGE AFTER GEAR AND FLAP RETRACTION (FORWARD) ... ...... 264,000 ts.~n.
CORANGE oo A e B S e A e e 14% MAC 10 35.5% MAC

Airplane Specifications N527JT

For the multiple-choice questions in this section, 2. What is the length of MAC?

use the airplane specifications in figure 11-13 for 1 SEt e

N527JT. The following weights are to be placed '2' 210 in.,

on board the transport category airplane: Py

BODY 4. 1,155in.
ITEM WEIGHT STATION MOMENT

Passengers (forward)  7,4201b. 550 3. What is the length of the CG range in

Passengers (aft) 14,670 lb. 1210 17,750,700 inches?

Cargo (forward) 4,2001b. 590 1 29 4 in.

Cargo (aft) 11,180 Ib. 1320 14,757,600 2. 45)in..

Fuel (tanks 2 & 3) 32,600 1b. 960 3 74 6 in.

Fuel (tanks 1 & 4) 34,2001b. 1070 36,594,000 4. 210.0 in.

1. What is the location of the basic empty

weight CG? 4. What is the zero fuel weight for this flight?
1. 32.7% MAC 1. 121,5401b.
2. 35.1%MAC- 2. 1279301b.-
3. 37.3%MAC 3. 131,700 1b.-
4. 173.6% MAC 4, 135,000 Ib.
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10.

What is the gross weight for this flight?

156,100 lb.
198,500 lb.
200,640 Ib.
205,000 1b.

o

What are the total moments for this flight?

1. 106,957,300 lb.-in.
2. 184,327,400 lb.-in.
3. 199,102,300 lb.-in.
4. 203,128,438 1b.-in.

What is the CG at the beginning of this
flight?

34.2% MAC (legal)
35.5% MAC (legal)
36.4% MAC (illegal)
37.3% MAC (illegal)

i ol

How many inches must the CG move for-
ward to be at the aft limit?

-0in.

2.73 in.

39811:1.

27.3 in.

0 08

How much cargo must be moved from the
aft cargo hold to the forward cargo hold to
place the CG at the aft limit?

489.5 Ib.
742.3 1b.
1,027.8 Ib.
2,497 .4 1b.

-l ok

Assuming that the CG is at the aft CG
location at takeoff, what will be the new
CG location after the gear and flaps are
retracted? (Assume no weight change.)

1. 32.4%MAC
2. 34.9% MAC
3. 36.1%MAC
4. 36.7% MAC

El.

1y

After 45 minutes of flight the new gross
weight is 192,500 pounds and the new CG
1s at 35.3% MAC. If fuel is burned at the
rate of 7,500 pounds per hour and is used
from tanks 1 and 4, what is the new CG
1 hour and 45 minutes after takeoff?

1.  25.3% MAC
-2, 33.2% MAC
3. 34.3% MAC
4. 35.2% MAC

Based on the loaded condition of N527JT
on the ramp, how much additional payload
could be carried on this flight?

3,300 ib.
3,770 1b.
6,500 1b.
7,070 1b.

ol

ANSWERS TO ATR MINI-EXAM

Question 1 — Choice 2

BODY
ITEM WEIGHT STATION MOMENT
Nose Gear 4,300 lb. 390 1,677,000 Ib.-in.
Left Main Gear 43,000 lb. 1050
Right Main Gear 43,1601b. 1050
(Main Gear Combined) 86,160 Ib. 90,468,000 Ib.-in.
Totals 90,460 lb. 92,145,000 lb.-in. _
92,145,0001b.-in. R g
50,460 16, 1018.63 in.
CG 1018.63
LEMAC -945.00
73.63 in. aft of
LEMAC
MAC = 210 in.

73.63 in. = 35.1% of 210 in. .
Basic empty weight CG is 35.1% MAC.

Question 2 — Choice 2

TEMAC

BS 1155
LEMAC BS 945
MAC 210 in.
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Question 3 — Choice 2

CG range 14% MAC to 35.5% MAC
CG range 29.4 in. aft LEMAC to 74.55
in. aft LEMAC

74.55
—29.40

45.151n.

Question 4 — Choice 3

BEW o on s 94,230 Ib.
Passengers (forward) ....... 7,420 1b.
Passengersi(afe) - .oooncn: s 14,670 1b.
Cargo (forward) .......... 4,200 1b.
Cargo(aft) ..cveannac. 11,180 1b.
Zero fuel weight .. ..... 131,700 lb.
Question 5 — Choice 2
Zero fuel weight ....... 131,700 1b.
Fuel (Tanks 2 & 3) ....... 32,600 lb.
Fuel (Tanks1 & 4) ....... 34,200 1b.
Gross weight . ......... 198,500 1b.
Question 6 — Choice 4
BOW CG . oo snvvnniveyy 36.0% MAC
BOWCG.« - vavasnhnas 75.6 in. aft
LEMAC
LEMAC ... saaens BS 945.0
BOW GG .cs o o v BS 1020.6
BOWE I e etk ol .94,2301b. ,

BOW Moments ....96,171,138 Ib.-in.

Passengers (forward) .4,081,000 lb.-in.

Passengers (aft) ... .17,750,700 Ib.-in.
Cargo (forward) ....2,478,000 lb.-in.
Cargo (aft) ....... 14,757,600 Ib.-in.
Fuel (Tanks 2 & 3) .31,296,000 lb.-in.
Fuel (Tanks 1 & 4) .36,594,000 lb.-in.

Total Moments . . .203,128,438 1b.-in.
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Question 7 — Choice 4

203,128,438 1b.-in.  _ ,
198,500 Ib. (gross weight) 1023.30 in.

CG BS 1023.30 in.
LEMAC BS 945.00 in.

CG aft of LEMAC 78.30 in.

MAC 210in.
78.3 in. is 37.3% MAC
Aft CG limit is 35.5% MAC

Takeoff gross weight CG is 1.8% too
far aft. '

Question 8 — Choice 3

Takeoff gross weight CG is 1.8% too
far aft.

1.8% of 210 in. (MAC) is 3.78 in.

Question 9 — Choice 3

Gross weight x CG change Gt _
Arm between cargo stations ' cight to shift

Cargo (aft hold) BS 1320 in.
Cargo (forward hold) BS 590 in.
Distance between cargo

holds 730 in.

198,500 1b. x 3.78 in. _ 750,330 lb.-in. _
1301n. 730 in.

1027.8 1b.

Question 10 — Choice 2

Moment change _ 264,000 1b.in. _ | 5.
Gross Weight 198,500 Ib. i
CG moves forward 1.33 in.
1.33 in. is .63% MAC

RO RIS RGN T 210 in.
Takeoff CG location. . . . ... 35.50% MAC
Chechanpge .o ... .. . . .. ue .63%

CG location after retraction.. 34.87% MAC



Question 11 — Choice 3

7.500 Ib. removed from BS 1070 (location
of Tanks 1 & 4)

Gross weight after 45 minutes ... .. 192,500 Ib.
Fuel burn for L houew s oL Gan m
Gross weight after 1 hour
A5 TNtes . . o 185,000 Ib.
CG location after 45 minutes ... .. 35.3% MAC
{(74.1 in.)
CG location after 45 minutes . ..... BS 1019.1
Fuel (Tanks 1 & 4) .2 R0 Ldasis BS 1070.0
CG location after 45 minutes . ..... BS 1019.1
Distance from fuel tank toCG ....... 50.9 in

Weight removed x distance
from fuel tanks to CG
New gross weight

= CG change in.

7.500 x 50.9 _ 381,750 Ib.-in.

=2.06 in.

185.000 185,000 Ib.
MAC 210in. 2.06in. = 1.0% MAC
Old-CE Jocation. .. . vu 35.3% MAC
Chiange MEGE - .t winass 1.0% MAC
New CG location ...... 34.3% MAC

Question 12 — Choice 1

Maximum zero fuel

weight . . . . .. s - 135,000 1b.
Zero fuel weight (this )

fHeht) onasion wanly .-131,700 Ib.
Additional (Allowable) .. ... 3,300 Ib.
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