AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

YOU must be able to predict the performance of your aircraft to operate safely
in and out of airports, and understand its climb and cruise performance. You must also
be able to safely load your aircraft, know when you are overloaded and weather the
center of gravity is too far forward or aft.

Pilot’s Operating Handbook (POH) specific to THAT airplane contains:

Airspeed Calibration for Normal and Alternate Static Sources)
Stall Speeds (Fore-Aft CG)
Take Off Distances

PILOT'S OPERATING HANDBOOK Rate of Climb
h Time, Fuel, and Distance to Climb _ ...m
Cessna.\.,. ]9” Cruise Performance | = |
Range Profile
Endurance Profile
Skylane Landing Distance

CESSNA MODEL 182Q and mUCh, much more...
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
FACTORS INFLUENCING PERFORMANCE

Pressure Altitude. Understand that engineer’s create performance charts and tables based on a
sea level pressure and altitude. Pressure altitude is that altitude which is indicated on your
altimeter when you select 29.92 in the Kollsman window.

TAKEQFF DISTANCE
MAXIMUM WEIGHT 2400 LBS

COMDITIONS:
Flags 10°
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that the given

pressure altitude of 1,500 feet falls between the e . =2 -
1,000- and 2,000400t pressure aitilude values, o Mk = 1
- e T | A —
) :I. ¥ F".- r ot ‘

This means if the oulside air temperature
mmﬂmﬂmmt" wd 1,20

e To solve for ground roll, interpolation is
nacassary. You must first compute the

_ ditferences between the known values. 9 The 1,500-fool akiport prossurs
Fooes Is 50% of the way between
i 1 : Ground Roll 1,000 and 2,000 feet. Therefore,
lefe rence in PA Alitude the ground roll also is 50% of the
Changes takeoff < 2,000 feel 1,200 feet way between 1,090 and 1,200
-1,000 fest 1,090 feet feet. The answer then, is 1,145
Roll. Difference 1,000 feet 110 feet {11000l difference x 5 + 1,090
feet = 1,145 feat),
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

How do you determine Pressure Altitude from Indicated Altitude?

1. Note Kollsman Window, write pressure, set to 29.92. Altimeter now
indicates Pressure Altitude. REMEMBER TO RESET .

2. Head work, determine difference of pressure set in Kollsman
window and 29.92. If greater than 29.92, you multiply by 1000 and

REDUCE from Indicated altitude. If less than 29.92, you multiply by
1000 and ADD to the Indicated altitude.

INDICATED ALT =2500

Kollman -----. 30.42
‘ Difference = -00.80 x1000 = -+800 ft
29.92 29f92
Difference = -00.50 x1000 = -500 ft

29.12

PRESSURE ALTITUDE = 2000 FT PRESSURE ALTITUDE = 3300 FT
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
DENSITY ALTITUDE CHART

:
:
Density Altitude: 2
Non-standard .
TEMPERATURE =
effects on the airplanez

We calculated using
E6B, but can use POH:
performance charts.

AFFROXIMATE

Ground School 2011
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

.. DENSITY ALTITUDE CONVERZION CHART i PRESSURE ALTITUDE
= 4 20 .
12 17 Q INE N s |
“ﬁ\ B - T s14 0 ﬂ%&%?o{ ~ ,;M%i‘%}{ ’;?%F
srp 19 - . 432 0 < \':.,,Bf—f"} [ AN
LEr:f 12 ) P L] & +50  +10 %’)ﬁm. EE'.LA; \ &
E = ] " ] +68 +20 £ \ = \“$ :
E ! { sl +86 +30 --“‘K::,i-- -iqix-\:\} \ \ ~
E oL~ % ] u = e \\\ o \\E \\
: a [ .-J'“'-.f " +122 +50 w:K
5 el 17 = \ S N N
= |~ L 0 1 2 3 4 5 6 7 8 9 W0 1 12 13
= \if ] m DENSITY ALTITUDE IN THOUSANDS OF FEET
w & )ﬁ,f i DENSITY ALTITUDE CHARTS
= - g e come in many flavors, you could see
" ,'K 1L any of these on your FAA exam. All
E L AT 1 1A mne  basically the same. Find the intersect of
T L Sn <N the Pressure Altitude and Temperature,
_ - *FET  then follow to read Density Altitude.
. /.il/ =t Example: +16 C Press. Alt=4000
Oz 42 4 4 &+ 1o B o om om o m a3 DenSity Altitude = 5000
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

DENSITY ALTITUDE

Practice Problems:

Pressure Alt. =8000
Temperature = 16 C
Density Altitude = 10,000

Indicated Alt. =3500
Altimeter setting = 29.42
Temperature =30 F

Density Altitude = 3,000

30F=-1C
29,92

29T.42
+.50x1000
Diff= + 500
Press. Alt=3500+500=4000
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

GA manufacturers recommend not exceeding 20% VS0 C182 56 kits mx=12 kis
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CROSSWIND COMPOMNENT

e ] LIE ARCS = WIMD YELICATY

— MAGENTA LINES = RELATINE WIND SHGLE

Take Off RWY 04 Winds 070@30

Wind speed (Bottom follow blue circle)
Intersect Wind difference 70-40=30
(follow pink)

Has same effect as a direct headwind
of 26 and 90 degree crosswind =15

Wind 350@15 for runway 04
Is it recommended by Cessna
to takeoff in the C1827?

- O**50 degree runway/wind difference

H/W COMPONENT = 9
X/W COMPONENT = 11-12
RECOMMENDED? Yes,
but if gusting higher NO
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X-Wind Component - MENTALLY

You can do this in your head — easily ©

1. Take the difference in your Runway / TC and the wind
direction (i.e. 30 degrees)

2. Add 20 to it and use that as a percentage I.e.
(30+20)=50% (.50 decimal)

3. Multiply that by the wind speed.
Examples (Rwy 09, winds 050@10
Difference = 40+20=.6"10=6
Rwy 360, winds 310@30
Difference = 50+20=.7*30=21: X/W component = 21

If tailwind such as 200 at 20, landing runway 30 (bad idea)
we use the reciprocal of heading 30+180=210, and 210-
200=difference of 10+20=30, covert to .3 multiply wind
speed 20= X/W component of 7
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Figure your Headwind Component
MENTALLY if you know square roots

a2 + b2 = c2
‘L #ind Direction HW2 + XW2 = WV2
component ) Slzm HW?2 = WV2 - XW?2
° (e HW = Square Root (Wind Velocity? — XWind Component?)
7|Cpath -
{b) rDSEWlnd_}

component

WHY would | ever want to do such a thing? Safety and precision.

Example Taking off runway 040 with winds of 080 at 10
1. X-Wind Component is 40+20=-.6"10=6

2. HW=SQR(100-36)=SQR(64)=8

Example Flying 90 KTs on a TC of 180 with winds of 210 at 12
X-Wind Component is 30+20=-.5*12=6
HW=SQR(144-36)=SQR(108)=approximate 10.4

Ground speed is the TAS +/- HW: GS=90-10=80
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Let’s take it up a notch ©

We can mentally determine WCA, to get our TH, and also determine GS in our
head! Prerequisite: know your speed in miles / minute - and it’s reciprocal (1/x)

TAS | Nm/Min XW Muit
60 1 1.00
75 1.25 0.80
90 1.50 0.67
120 2 0.50

Step 1. Determine your XWind component as described in previous slide.
Step 2. WCA = Multiply the XWind component by XW-Mult (give you WCA)
Step 3. TC +/-WCA=TH

Step 4. Use X/W component and wind speed for H/W component to get GS.

TC Wind

Flying 090 at 120 KTS, Wind 120 at 10 What is TH and GS 90 120
1. X/W component = 30+20=.5*10=5 5

2. Wind correction angle is 5 * .5 = 2.5 (round to 3) 6.7 | /10 xes
3. TH =090 + 3 = 093 /
4. HW = SQR(100-25)=8.7 round to 9 ... GS=120-9=111
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
 TAKEOFF DISTANCE
Flaps 10°

Full Thromia Pricr 1o Brako Folkass

Paved, Livsl, Dy Furmeay
Foro Wind

MOTES:
1. Shot figld lechnque % Spacified in Secton 4.
2. Prorto takeo!! from Salds above 000 foat elevaton, the mixture should Bo eaned i gve maxdmam AP 5 a L Sosia,

wlatic runup
_;.Dmmmmubrmnmw.wmmmumnmmmmu
fae aach 2 Knots,
4, For oparalion ona dry, grass runway, incraase distances by 15% of
i
TRAFEQEF (i =
SREED s 7-4
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2000 TaQ 1443 B 1545 o5 il il 275 1785 11753
3000 | &=5 1585 e 1708 B RS 1070 1975 1150
2000 | 545 1753 i 1850 1100 2040 1180 2200 1270
5000 | 1040 1045 13 2105 110 2TE 1305 LGRS 1435
6000 | 1150 2170 1240 2355 1350 2555 445 2Ts 1585
oo | 10 2447 13Ty ] 1485 a0 1605 s 130
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8O0 | 1125 2125 1215 05 1310 2500 {410 ME 1520
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

SURFACE TAKE-OFF LANDING
TYPE | DISTANCE FACTOR | DISTANCE FACTOR | Runway Surface: Many POHs only add distance for
Paved — x1.00 x1.00 sod. Different runway surfaces can add from 5% up
Coral | =100 ¥ 1.05 to 18% of ground roll to your calculations.
Metal ¥ 1.05 x 1.08

e — Runway _C_iradu_ent (SLOPE):_ Check the
— — Airport/Facility Directory to see if the runway has a

' ' +(upward) or —(downward) slope. Effects: takes

longer to takeoff uphill than no slope or downhill.

Table 2. Runway slope factors I
DENVER

TS T = = e AT CENTENMIAL (APl 1B BE  UTE—T—BDT ML WD BE B DEMVER
DIRECTION OF | % OF SLOPE TAKE-OFF CANDING DISTANCE Sl ey, e et H-2D, L6E. &
RWY 1TL-J8R: HIL00BII00 (ASPH-GAVIH  5-6%, D-T5 MIAL AP
SLOPE DISTANCE CORRECTI e
CORRECTION FOWY 38Rz MALBR, VABI(ERI—OA 307 TCOH 4, Budting. Tl tho G085 dwn
WY 1TR-35L: HT004X77 ASPH-FFC) £-30 WMWAL 10%up 8
WY 1 TR R e FAY 35L: PAPNPAR)—GA 30" TSH 52 Ground.
-1 +5% _5'0_,-"' RWY T0=282 HABDAXEE (ASPH]  S-125 MIAL  0ES wpW
PO 102 VASI(VIL) 0K 300 TOH 3 WY 28 REIL. VARNWIL)—GA 4,0° TOH 28

MIRPORT REMARKS: Attended covtnsousty. Waleoul on and in wonity of argt. Aol CLOSED to a<f cwnr T5.000

Uphill 2 +10% -10% = e =i "
K] +15% 5% - )
1 5% +5% |
Faid Py 1 TH-35L chiad i A8
WEATHER DATA SOURCES:
Diowrhill 2 -10% +10% COMMUNICATIONS: 411 120 :
DENYER F5S [DEN) en apt ey
DENYER APPIDEP CON 122 |
3 -15% +15%

FALCOM (H}VORTACW 116

CASSE DB (HWILOM) 2re B8
ILE1t13 I-APh Ry MR
COMMMAYAID REMARKS:

acwise whan in monilor Be fw

For slopes expressad fo 8 decimal point, the comecion is 0L5% distance for each 0.1% slope. For example, for a
minway siooe of 1.6% the corection factor@d®. == ss---------

Runway Conditions (Moisture, Snow, Ice) Even rain can extend
landing and takeoff distances because of hydroplaning and braking
effectiveness. Snow and ice, as in a car, can effect controllability
and definitely braking. HYDROPLANING !!!

RUNWAY INFO IN A/FD
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How does hydroplaning effect an

airplane?
LOSS OF CONTROL during Take Off and Landings

Hydroplaning formula for increase of takeoff requirement
Ground roll percentage added = 9 x sqrt(main gear tire pressure)
Example: 25 Ibs in tires. 9 * Sqgrt 25=5, 9*5=45 add 45% to ground roll

Landings: Dynamic/Viscous/Rubber-reverted Hydroplaning: LITTLE
OR NO BRAKING with as little as 1/10™ inch of water. “Cornering
Force” — side forces are the square of the X-Wind Component (15
KT X-W you have 9 times less control than 5 KT X-W component)

WHAT TO DO: EVALUATE CONDITIONS AND RUNWAYS. CHECK
TREAD that you have at least 20% original tread (after 80% wear-
you have serious hydroplaning). Grooved runways help.
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

TAKEOFF DISTANCE e
MAXIMUM WEIGHT 2300 LBS o
i T T —
G —f
P SHORT FIELD 3 S
Flaps Up 2
Full Throttle Prior to Brake Ralease E §
Faved, Lavel, Dry Runway 5
Zers Winid g
NOTES:
;. ﬁw‘t field technique 83 specified in Section 4,
i ior o takeoff from G g i i | i i
chi g wids ehove 3000 feet elevation, the miktyne 5h:-u-|:l__t_;-n leaned to gve maximum REM in o2 full thraitle,
3. Decreawm distances 10% for each 9 k i i i it
i nats headweng, For operation with tailwinds up to 10 knots, incresse distances by 10%
4, .FI:I-F Operation on a dry, grass runway, increase distances by 15% of the “ground roll” figuna.
TAKEOFF o 1
0°c 10%¢ 20°; "¢ G
WEIGHT| Sfirs i .t
LES ' TOTAL TOTAL TOTAL
TOTAL TOTAL
LIeT] a7 | FT EEND TO CLEAR|GRND|TD CLEAR|GRND|TD CLEAR GRND|TO CLEAR|GRMD| TO CLEAR
OFF |50 FT LL |50 FT QBS |ROLL |50 FT OBS [ROLL [SOFT 85 |ROLL |50 BT OBS |ROLL |50 FT OBS
2300 | 52 | 59 : éjgé ;gg $ ggg ggg ]390 B35 1490 BOE 15480 D60 1700
625 815 1630 880 1745 | 105
> mmm EEE lg?g Igﬂn 1670 1000 1780 | 1075 15915 1155 ;EEE
25 1835 | 1100 1970 [1B5| 2115 [1270
) 2265
g%g }?ﬂlb 1880 1125 2025 [1210| 2175 1300 2335 |[1400| 2510
5000 1:22 iﬂTE 11_:.-4':1 2240 (1335| 2410 |1435| 2so5 |1s40| ovec &
oooa 12 305 366 | 2485 [1475( 2680 |1585| =2mos |1708| 312s e
! 00 | 2565 (1510 | 2770 [1630| 3000 [1755| 3245 |1880| a3s1p = 0
G000 1650 | 2870|1675 3110|1805 | 3375 [1945| 3670 | 2oos 3990 E =
o
== iy
-Figure 5-4. Takeoff Dist: g2
g . Takeolf Distance (Sheet 1 of+2) = %

1. ldentify the pressure altitude for field elevation: Kollsman window to 29.92.

2. Read column to closest temperature. (2,000@20C) Ground roll is 1,000 feet, and distance to
clear a 50 foot obstacle is 1,790 feet with an aircraft weight of 2,300 pounds.
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Practice Problem: weight 2,200, PA 3000, Temp 10 C, 50-Ft Obs. Distance= 1705
Practice Problem: weight 2,200, PA 4000, Temp 10 C, 50-Ft Obs. Distance= 1890
Practice Problem: weight 2,200, PA 3500, Temp 10 C, 50-Ft Obs. Distance= 1797.5
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20 | ol o] 20| ™ 1480 ETE A= o=
0] #ira 1] - L LU L. |
Fai 0] ] i B i n -='-.1 :
a0 | wss | om0 | = M0 | WS
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REAL WORLD: WEIGHT 2300 [BETWEEN 2200 & 2400], TEMP 5C [0C &10C],
TAKE OFF PRESSURE ALTITUDE = 5500 [5000 & 6000], 18 KT HEADWIND.
GROUND ROLL ON DRY GRASS RUNWAY?

& SEtEnoes ; : - :
hrt,.iﬁh‘t-qz iy 0% for each 9 know headwing, Far soeration with tikwinds up 1o 10 knats, increase diztanoes by 10%

4. For operation on 2 dry, gram runway, incrasse distances by 15% of tha “peound roll* figure.
TRILOFF iy
— SHED [ 504
LS AS AT | G | TORFT | CRMD
T a1 7 | Ao | rocuan | mAoulS
0FF | syt T | &8 FT ol T
2600 | | ] 3L | M 1480 [ ~
1008 | &S 1606 2 r- . T
M | e i1 10 Wi | s | i
o000 | wes [ otesd [ nae | o300 | 0 | 2 | TRS | 280 | .
s0c0 | 19 | ams | vaee | X s ] T | wm | W
5000 || v aay 130 - . =’gﬁﬂ | s 355
BO00 | | 1408 755 1540 §| - 3015 | 8685 0 0 | XN | 40 3804
roc | 1sa0 e 1710 a0 1ms0 a0 2000 &220 - -
B0 | 175 = 1iCH g ¥ bl SR = = = =
230 &3 g 3L L] 1104 bid ¢ 118 TS0 13 1] 143 BAS 1575
m | ™ 1114 reL 1408 A, 1510 pas, 1574 nen 1798
2000 ) 1443 B} 1245 905 B §S 1TRS i L 1915
X Fiwa] 1585 . el TG ] 18X 1800 1975 130 #13E]
00 | e 1783 1w | wemo | oo 2040 1780 00 1370 278
el T L i b [ G FIYE 15308 e Y T MRS
W00 [ | 173D Fa I i 124 Fi T30 Fips | 1445 £ | hE o] dedil
rocn | 12M Faq] 137 JEO 1E85 i) 1805 B[ [T ¥ Jas]
Bood | 1488 FHE Lo ] b o 1EEA e 1208 W50 1 500
2000 & | 9 51 e T g o 1008 (<14 g 50 1185 ity 1246
1000 LY 1aGa (gL i -} [ P 1215 el | ot A 1308
i 0 it P18 814 13l g phcan] JAf 1425 GF 1835
00 | &m 110 T4 13865 B0g 1S B60 1500 ] 1884
o | & 1400 s 1500 | 1615 L] 17115 1015 1884
=0 o] i 55 o gl ] [ | 0 140 [ gk ] = b
G000 | %9 1 o 1845 1679 10 1750 2145 123% )
MOg | 10is 1900 1 Filn 1180 s | 1215 i i i3 Fi- | a1
BOCG | 1125 F i [l A 1310 b 1410 15 5M
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WEIGHT 2300 [BETWEEN 2200 & 2400], TEMP 5C [0C &10C], TAKE OFF PRESSURE
ALTITUDE = 5500 [5000 & 6000], 18 KT HEADWIND. GROUND ROLL ON DRY GRASS
RUNWAY?

THREE LEVELS OF INTERPOLATION---REDUCE 2 VALUES TO 1

1AL OF 1. DETERMINE PA:5500 @
oon | THD | e 0C,10C FOR 2400 & 2200 LBS
s |1 a *5500 is 50% > 5000
el L 2400 0C=(2755-2445*.5)+2445=2600
M0 | N ] @ ':_._-l_ 2400 10C=(3015-2660*.5)+2660=2838
200! . 1] et 1910 2200 0C=(2170-1845*.5)+1845=2008
el I 28 | 2200 10C=(2355-2170*.5)+2170=2263
5K :.Iq‘n "u:' 5 : “'l. E‘EEC
s Lz N e 8 1o Determine 5C for 2200 &2400 lbs.
o | 1sk | M hac @1 2200 5C=(2838-2600*.5)+2600=2719
s | @l | s e | ve | ow | w2400 50=(2263-2208" 5)+2208=2336
::::L :;Jl*: i | ;:::; 3. Determine 5C for 2300 Ibs.
184 e 3102 2300 5C=(2719-2336%.5)+2336=2528
om | 12ra | pes | wamn | e
3 ;T:ﬁ;::.il?q FO% for toch: 9 knats headwind, Fer ogeration with taikwinds up 1o 10 knots, increase distanoes by 10%

£

F 3 i i r =
OF OpEFation an & dry, grass runwsy, incroess distances by 165 of the “praund roll™ figuns

4. Reduce by Headwind: 2528 — (18/9*.10) [20%)]...= 2022 feet
5. Increase distance by 15% for sod. 2022 + (2022*.15 OR 303)= 2325
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

LANDING CHARTS (WORK SAME AS TO CHARTS)

CONDITIOMNS:

Flaps 407
Ponweer OFF

Maximum Brak mg
Paved, Level, Diry Runway

Zaro Wind

MNOTES:

LAMDING DISTANCE

SHORT FIELD

1. Sharet field techmique az specified in Section 4.
2. " Decrepse distences 10% for each § knots hesdwind., For operation with tailwindz up to 10 knots, incresse distances by 10%

for each 2 kmots
3.  For operation on a dry, grass runway, increase distances by 45% of the “ground roll”™ figuae.

A
SPEED i 1a02c are J0oC 40°C
welgHT | ar |PRESS
LEs | soFT | ALT TOTAL TOTAL TOTAL TOTAL TOTAL
viae | FT lgruo|To cLEAR|GRND|TO CLEAR|GRND | TO CLEAR|GAND | TO CLEAR|GRND| TO GLEAR
ROLL |50 FT 085 | ROLL |50 FT 085 |ROLL |50 £T 0Bs |AOLL |50 FT OES | ROLL |50 FT 0BS
7300 g0 | sL | 485 1206 510 | 1235 530 1265 545 1295 565 1230
w000 | 510 1235 530 | 1265 5500 1300 566 1330 586 1366
2000 | 830 1265 550 | 1300 570 1335 530 1370 610 1408
2000 | s80 1300 w0 | 133 a0 1370 10 1405 E30 1440
4000 | 570 1235 500 | 1370 15 1410 B35 1445 B55 1480
s000 | 520 1370 s15 | 1215 B35 1450 B55 1485 B80 1525
B000 | 818 1418 g0 | 1455 660 | 1490 B35 1535 205 1570
7000 | &40 1455 g80 | 1408 &85 1535 710 1675 730 | 1815
so00 | &85 15001 &0 | 1540 7i0 | 1580 735 1620 760 1665

Figure 5-10, Landing Distance

NgLT THOON

HONYIWHOLHHA
g NOLLOHS

WNSSHD



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE ALL IN ONE!

Problem: 13C, PAIt 8000, Weight 2800, 2 Kt tailwind, takeoff over 50 ft obstacle

LANDING DISTANCE

- AT Y wemrn

ARHOCINTED QOMONTICG; POUNDS | KROTS | MPH PRESSURE ALTITUDE mﬂ e
POWER FETARDED TO MANTAN 2050 80 WRIOHT. o e o -

900 FT FIMAL APPROACH e | WINDCOMPONENT  _ D.0KNOTS(HEADWIND)
LAMDENG GEAFR ] = b
RN PANED, LEVEL, DY SLIRF, g : E —n- e
APPROACH SFEED 1AS AS TABULATED
ARG MAUNIL M

gea

Total Over 50-fool
Obetacle -
2,060 feet

REFEREHNCE LINE
N
o0
=)
| REFERENCE LiNe |}
| . e
: g,
REFERENCE LINE ==
Y

SORN
NN NE

16 (36 13 : . Ground Roll
wErrarErEy 1$H
I N ool e e hon A BRSPS L4838 add = 1,400 fost

3 {85 SaiH] |2 poth] i43e, PRREH i387 133
i 18 EET ) A Y R R S R R
-£0 <30 20 -10 O 10 20 30 40 50 2800 2600 2400 2200 ¢ 10 20 2 0 50
milﬁlmﬂr@lﬂ‘ﬁ WEIGHT = POLINDS WD COMPORENT OBSTACLE HEKGHT
- ENOTS = FEET

\'!k
N
A¥AN

2

DHSTANCE - FEET

HBRERBABRBDRABRRRR
40 20 0 20 40 €0 60 100 120 ﬁ“'“mﬂmz e ‘Go horizontally to the
OUTEIDE AIR TEMPERATURE - *F & COTTact 0 mﬁ“m“m

air temparalture. Hhagieiniol

Ground ‘e Reisser
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AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

AIRFORT TEMPERATURE
DEGREES FAHRENHEIT

KOCH CHART - TO/CLIMB ADJUSTMENT CHART

120
110
100

20

80—

70
&0

40

2
200-=
ADD THIS PERC EHTA(EE_‘__;- -

TOYOUR NORMAL
TAKE-OFF DISTANCE

PERCENT
DECREASE
IN RATE QF
cLIMB

THOUSAMNDS OF FEET

AIRFPORT PRESSURE ALTITUDE
{READ YOUR ALTIMETER SET TO 25.52 INCHES)

Created by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
DETERMINING IAS OF STALLS IN DIFFERENT CONFIGURATIONS & ATTITUDES

&7e0 What would be
the indicated stall speed in a 30° banked turn with the
gear down and flaps set at 157

AIRSPEED CALIBRATION — NORMAL SYSTEM

Flaps 15° Flaps 45° )
A— 77 KIAS,
KCAS KIAS KCAS KIAS B - A2 KIAS
BO B84 70 79 70 C— B8 KIAS.
100 102 80 86 [ 80
120 122 90 94 g0
140 141 100 103 100
160 161 110 112 110
180 181 120 121 1
200 20 130 131 130
220 221 140 141 140
1. Bank 30=(83+92)/2=87.5 [88]
240 242 150 151
KIAS — INDICATED AIRSPEED IN KNOTS KCAS — CALIBRATED AIRSPEED IN KNOTS\?(

STALL SPEEDS — KCAS \ 2. Difference=6 Apply 88-6=82

4600 LB GROSS WEIGHT

CONFIGURATION Sl e 2 BA"K/ Answer B - 82 KIAS

0* 20° 4(p 60°
Gear and Flaps Up 84 a7 97 119
Gear Down and Flaps 15° 8O a3 A/ g2 113
Gear Down and Flaps 45 76 79 a7 108

6752, (Refer to figure 25 on page 74.) What would be 1.KCAS=87
the Indicated stall speed dunng a 40° banked turn with

the gear down and flaps set at 45°7 2. Difference=4 Apply 87-4=83
A KlAS

F— :;13 KIAS. < {Answer B - 83 KIAS

C— BO KIAS,

Girc¢ Created by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
CLIMB PERFORMANCE

Use Vx for obstacle clearance Vy is greater than Vx but less
Than “cruise climb” speed.

“Normal” pattern climb speed, but
after leaving pattern, use “climb
cruise speed.

V-SPEEDS SPECIFIC TO YOUR AIRCRAFT AND FOUND
IN THE AIRCRAFT PILOT OPERATING HANDBOOK (POH)

MEMORIZE

Ground School 2011 Created by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

HOW HIGH WILL YOUR AIRCRAFT CLIMB? ABSOLUTE CEILING: ROC =0

SERVICE CEILING is
another reference

altitude that the airplane
will yield a rate of climb

of only 100 fpm

STANDARD ALTITUDE - FEET

2000 1

IAS increase with Vx, decreases

R

with Vy at higher altitudes. 70

Ground School 2011

Absolute Ceiling

Service Ceiling



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

o Werify that you have the
proper chan and the
concitions specilied on
the chan ane mal.

TIME, FUEL, AND DISTANCE TO CLIMB
MAXIMUM RATE OF CLIMB

amnmh-.
fusl, and distance
crodits 1o be applied
for daparting an
airpor lecatad al — PRESSIRE - CLME HATE OF FROM SEA LEVEL
POH Data saves time %0t s | M | R | [ [ e
In determining Time, Fuel, e | & 15 v | w0 o | oo 1
. 1000 13 i 655 1 0.2 2
Distance. 2000 1" 75 810 3 06 4
2000 @ -} w50 5 1.0 L]
A0 ¥ T4 515 7 1.4 g
What if you don’'t TO at SL? - | R !
Climbing 2000-80007 © Fosatho s, o 7000 i 2 | s il T
v distance o 000 -1 T2 230 ar Al e
(Subtract base values) et 8000 fest P 3 7 a8
10,000 -5 i 240
11,000 T Ta 1590
12,000 = T 145

8000=17 Min, 3.1 Gals., 22 Miles.
Subtract 2000 values (3, .6, 4) ()
Yields 14 Min., 2.5 Gals., 18 Miles

Ground School 2011

Afer you sublract the

cradile, the nol valuos
are 14 minues, 2.5
gallons, and 18 miles

a The values to cimb from 2,000
feed to B,000 1eet are a 1otal of 14
minvules, 3,6 gallons, and 18
milgs.



Fuel Efficiency: SPECIFIC RANGE

Most cars are compared on fuel efficiency by using miles per gallon. Airplane fuel
efficiency is often given as “Specific Range.” It is a value derived by dividing the range
in nautical miles by the pounds of fuel burned. Instead of miles per gallon, it represents
miles per pound of fuel. It is a good method for comparing performance between
different aircraft.

As an example, a piston airplane with a true airspeed of 150 knots while burning 12
gallons per hour (72 pounds) would have a very good specific range of 2.08. A business
jet cruising at 440 knots true burning 1,200 pounds per hour (pph) has a specific range
of 0.37, good for a jet.

In general, LSA’s are more efficient than other general aviation aircraft except for motor-
gliders. LSA’s have specific ranges in the 4-5 as compared to 1-2’s for many
single engine general aviation aircraft. General aviation aircraft can get much better
specific ranges by reducing power to 55-65% and only sacrificing a small airspeed
loss but getting much higher specific range and also total available range. For example
a twin-engine Baron flying 170Kts burns 30 GPH, but reducing power to maintain 120Kis
only burns 16 GPH. The specific range increases from .94 to 1.2 which is a 26%
increase in range with only a 30% decrease in airspeed. The same holds true for all
classes of aircraft.

Another thing to remember that airlines practice to the extreme is that a lighter aircraft
has to use less power and therefore is more fuel efficient.

Ground School 2011 Created by Steve Reisser




AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
CLIMB CHARTS

TEMP 18C
Pr. Alt. = 4000 4 g fed8 Al i
INTERSECT(3) et A de i
DOWN TO S

FINDROC /
= 335-340 FPM /' /.

o Bogin by finding the 3
lamparalura af iha
Ground School 2011 baottom ﬂlh'm

leisser



Rate of Climb Charts — Interpellation required — watch fine print !

CONDITIONS:
Flaps Up
Gear Up

2550 RPM

25 Inches MP or Full Throttle
Cowl Fiaps Open .

NORMAL CLIMB - 100 KIAS

Standard Temperature

NOTES:

MIXTURE SETTING
PRESS ALT PPH
S.L. to 4000 108
8000 96
12,000 84

1. Add 12 pounds of fuel for engine start, taxi and takeoff allowance.
2. Increase time, fuel and distance by 10% for each 10°C above standard temperature.
3. Distances shown are based on zero wind.

CONDITIONS:

WEIGHT | PRESS |-RATE OF FROM SEA LEVEL

LBS Af_-l?‘-r C;‘;,“'CAB TIME | FUEL USED | DISTANCE

MIN POUNDS NM

3800 S.L. 580 ° 0 0 0

2000 580 3 6 6

4000 570 7 12 12

6000 470 1 19 19

8000 365 16 27 28

10,000 265 22 37 40

12,000 165 32 51 59

3500 S.L. 685 0 0 0

2000 685 3 5 5

4000 675 6 11 10

6000 565 9 16 16

8000 455 13 23 23

10,000 350 18 31 33

12,000 240 25 41 46

3200 S.L. 800 0 0 0

2000 800 2 4 4

4000 795 5 9 8

6000 675 8 14 13

8000 560 11 19 19

10,000 445 15 - 25 27

12,000 325 20 33 37

PRESSALT | MP | PPH
Flaps Up
Gear Up S.L.TO17,000] 35 | 162
2600 RPM 18,000 34 | 156
Cowl Flaps Open 20,000 32 144
22,000 30 | 132
24,000 28 | 120
WEIGHT | PRESS | CLIMB RATE OF CLIMB - FPM
ALT SPEED
LBS FT KIAS -20°C 0C 20°C 40 °C
4000 S.L. 100 1170 1035 895 755
4000 100 1080 940 800 655
8000 100 980 840 695 555
12,000 100 870 730 590
16,000 100 740 605 470
20,000 99 485 355 —
24,000 97 190 70
3700 | S.L. 99 1310 1165 1020 875
4000 99 - 1215 1070 925 775
8000 99 1115 965 815 670
12,000 99 1000 855 710 —
16,000 99 865 730 590
20,000 97 600 470 —-
24,000 95 295 170 - S
3400 S.L. 97 1465 1320 1165 1015
4000 97 1370 1220 1065 910
8000 97 1265 1110 955 795
12,000 97 1150 995 845 —
16,000 97 1010 | . 865 725
20,000 96 730 595 - —
24,000 94 405 275 —— _—

Figure 9. — Fuel, Time, and Distance to Climb.

Figure 33. — Maximum Rate-of-Climb Chart.




Ground S

Tty rrr et r e el
ASSOCIATED CONDITIONS:

MAXIMUM CONTINUOUS POWER?*, 3600 LB GROSS WEIGHT

FLAPS UP, 90 KIAS, NO WIND

Example: } I } ! I E ! A I -
; - *2700 RPM & 36 IN M.P. (3-BLADE PROP)
Departure airport pressure altitude: 1400 ft i
Departure aitport OAT: 15 °C 2575 RPM & 36 IN M.P. (2-BLADE PROP)
Cruise pressure altitude: 12000 ft
Cruise OAT: 0 C
Fuet to climb; 7.5 minus 0.5 = 7.0 gal
Time to climb: 14 minus 1.5 = 12.5 min
Distance to climb: 20 minus 2 = 18.0 NM
) =
EWAY T
180 - |t / 1§ / \V
¥ W
16000 =/ ) .,
& o
ot 7 B 6‘\/7
14000 P () Y
SUREAT -FT i 2 &
laooo PRES et CRUSE, ]
10000 . 1 |
1 4 ]
8000 i
|
|
2000 \ | '
200¢ ! :
 —— = = |- lt% !
SEALEVEL \ DEPARTURE 1N 1 ]
-40 -30 -20 -10 0 10 20 30 40 0 10 20 30 40

OUTSIDE AIR TEMPERATURE - °C

FUEL, TIME AND DISTANCE TO CLIMB

Figure 15. — Fue!, Time, and Distance to Climb.

1 by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
CRUISE PERFORMANCE

Maximum
Available

Power y\

Power Required

Power Required
for Level Flight

Maximum Level

g Flight Speed

POWER/AIRSPEED RELATIONSHIP -

Ground School 2011

DISCUSSION:

WHAT BESIDE “MAXIMUM AVAILABLE
POWER” LIMITS THE MAXIMUM FLIGHT
AIRSPEED?

N Power Required

for Level Flight

Power Required

Maximum Endurance at
Minimum Required Power

Maximum Range
Power Setting

— — —

-
- | ‘ \ Maximum Range at L/D .,

_ .

Maximum  Maximum .
Maximum Endurance g oo o Range Airspeed
Power Setting Airspeed Airspeed




AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

NOTES: 1. Ful throtte maniold prassurs sstings Ano approximats,
2. Shaded area represants oparaton with ful throtle.

Power settings not only consideration: Range and Endurance also have tables.

Ground School 2011 Created by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE

Usually determine by desired airspeed or range or endurance.

CRUISE PERFORMANCE

RAMNGE PROFILE ENDURANCE PROFILE
PRESSURE ALTITUDE 2000 FEET 45 MINUTES RESERVE 45 MINUTES RESERVE
56 GALLONS USABLE FUEL 56 GALLONS USABLE FUEL
mﬂ?slrlodTS: NOTE CONDITIONS: COMDITIONS:
%95'3 .unded Lean Wixture For best fuel ecanomy a1 5% power or less, operats at | 2950 Pands 2850 Prunds
BC0 MINen an Wix the leanest mixture that results in smoath engine opera- Recommended Lean Mixture for Cuise Recommended Lesn Wixture for Cuise
Cow! Flaps Clased tion or at peak EGT if an EGT indicator is installed, ?:;d:vrf;mwm“ Standard Temperature
NOTES:
NOTES: 1. Thb chaft llows for the fuel Jsed for engire start, taxi, takeoH and cimb, and the
1. Thii chart allows for the fuel wed for engire start, texi, takeoff 3 2 :nre dur:ngla‘ nomal climb s shown in figure 5-6.
260C BELOW STANDARD ABOVE distance during a normal climb as snown in figure 5-5 . ) Farve fugl iz bised on 45 mnutes st 45% BHP and is ¢ galtans,
STANDARD T=MP TEMPERATURE STMM DCAFIDTEN'I’ 2. Remrve fuel it besed on 45 minutes al 45% BHP and is 5 aatlons.
&% 19¢ 319%
eem | me | ¥ [ kras|aen | L% | kras| e | % | kras | oen
oHP BHF BHP
2400 | 22 | 13 f13a)] 78 | s | ize | o | 138 | 122 12,000 <11 1200 T T T T T [ T
21 72| 13t 123 89 | 132 [ ne| &7 | 133 | 114 . 129 & [
20 &7 128 1.6 65 128 | 111 ] 120 10.7 - . L oft 1 !
19 62 | 124 | 107 ]| 60 | 124 | w3 | s8 | 125 | 100 10,000 - 1000011 5? %
2300 | 23 7 | 1ws [ 133 5| 1 | 128 | 72 | 137 | 124 Li : 1_ _1 3
2 73 | 132 [ 126 70 | 133 [ 126 es | 132 | 118 ~ 2000 L ) [
¥ | e | 128 | 117 es | 120 | 113 &4 | 130 | 1o i i L sy 1
o | B | 125 w08 62| 1256 | ws] 0 | 126 | w2 i — i :Fé{-ilL |
. . - o ] * 1]
200 23 73 | 132 |126] w0 | 133 20| s | 133 | 1is = L 5 600 —r‘?
2 6 | 120 | nz| 8 | 120 [ 13| s4 | 130 | 108 E . el 2 ] : | ]
n 64 | 128 | 11| & | 126 | w06 | en | 128 | w02 i frae i | i 12l ] = -l ' |
20 60 | 129 | 102] 58 | 122 | 99| 88 | 122 | ¢s E - RTAS | LKTAS [ KTAS 1410 = C el ST S e
1 I % ALY A iy 4000 Fxbtx 3 H
: L __g ) w twll . i g [ o am
zioo | 23 | 68 [ 128 [ 16| 65 | 12| 12| 64 | 130 | 108 8 gl Frstt | BH- I M I G
22 | 6¢ | 125 |me| 2 | 126 05| 60 | 128 | 102 2000 % T s 2 PRl I N . L]
21 60 | 121 | 02| 58 | 122 | a9 | s6 | 122 | cs s T‘r? BN g e =1 ! T | T
20 | 56 | 18 | 96| 8a | 18| 93| s2 | 118 | co : L e L |1 - i nEls :
19 | s2 | m3 | eo| s | 14| 87| a8 | 113 | &5 sL. L4 KTASILKTAS | fPKTns Jooor \ T Ch
18 | 41 | 100 | 84| 28 | 00| a1 | 4a | 108 | o 40 500 560 800 650 . n 5 e 7
FANGE - NAUTICAL MILES ENDURANCE - HOURS

Interpolation required: notice specific altitudes, weights, and temperatures.

Ground School 2011 Created by Steve Reisser



AIRPLANE PERFORMANCE / WEIGHT AND BALANCE
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AIRPLANE PERFORMANC
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Ground School 2011

Gross Weight - 2300 Lbs.
Standard Conditions
Zero Wind Lean Mixture

NOTE: Maximum cruise is normally limited to 75% power,

38 GAL (NO RESERVE)

48 GAL (NO RESERVE)

TAS | GAL/ | ENDR. RANGE ENDR. RANGE

ALT. | RPM [% BHP| MPH |[HOUR| HOURS MILES HOURS MILES
2500 | 2700 | 86 134 9.7 3.9 525 4.9 660
2600 | 79 129 8.6 44 570 5.6 720
2500 | 72 123 7.8 49 600 6.2 760
2400 | 65 117 7.2 5.3 620 6.7 780
2300 | 58 111 6.7 5.7 630 7.2 795
2200 | 52 103 6.3 6.1 625 1.7 790
5000 | 2700 | 82 134 9.0 4.2 565 5.3 710
2600 | 75 128 8.1 47 600 5.9 760
2500 | 68 122 7.4 5.1 625 6.4 790
2400 | 61 116 6.9 55 635 6.9 805
2300 | 55 108 6.5 5.9 635 7.4 805
2200 | 49 100 6.0 6.3 630 7.9 795
7500 | 2700 | 78 133 8.4 4.5 600 5.7 755
2600 | 71 127 7.7 - 4.9 625 6.2 790
2500 | 64 121 7.1 53 645 6.7 810
2400 | 58 113 6.7 5.7 645 7.2 820
2300 | 52 105 6.2 6.1 640 1.7 810
10,000 | 2650 | 70 129 7.6 5.0 640 6.3 810
2600 | 67 125 7.3 52 650 6.5 820
2500 | 61 118 6.9 55 655 7.0 830
2400 | 55 110 6.4 59 650 7.5 825
2300 { 49 100 6.0 6.3 635 8.0 800

Figure 11. — Cruise and Range Performance.

Created by Steve Reisser



IT’S ABOUT
WEIGHT

Ground School 2011

WEIGHT AND BALANCE

WEIGHT AND BALANCE

WHY SHOULD YOU CARE?

Asmall mistake in CG can lead to much bigger problem. Picture courtesy of CASA

IT'S ABOUT
BALANCE

Created by Steve Reisser



WEIGHT AND BALANCE
WEIGHTS

Empty Weight = Empty airplane with unusable fuel, and full oil

Ramp Weight = Maximum weight permitted before starting engine (higher than TO)
Takeoff Weight = Ramp weight less fuel burned to start, taxi, runup prior to TO.
Landing Weight = Takeoff weight less the fuel burned enroute.

Gross Weight = Maximum airborne weight.

Useful Load = What the airplane with carry (Gross Weight — Empty Weight) NOT
how much passenger/baggage because it does not include fuel (6 LBS / GAL).

Payload (Useful load — fuel) is the maximum passengers, baggage and cargo.
Maximum Take Off Weight = Maximum permitted for takeoff.

Maximum Landing Weight = Maximum permitted for the landing.

If my C182 has a Gross (takeoff) weight of 2950,
an empty weight of 1842, and is loaded with 75G of fuel,
WHAT IS MY PAYLOAD? 658

2950 [Gross] — 1842 [Empty] — (75 * 6) [Fuel] = 658
--450--

Ground School 2011 Created by Steve Reisser



WEIGHT AND BALANCE

Your scheduled for a flight and know now that your maximum
payload capability on the Cessna 182 is 658 (with full fuel).

You and 3 friends want to fly to Miami this weekend. You graciously
ask them their weight and the weight of their baggage.

You weight 170 and bring 15 Ibs of luggage

Passenger 1 weights 190 and brought 30 Ibs of luggage.
Passenger 2 weights 188 and brought 25 Ibs of luggage
Passenger 3 weights 122 and brought 35 Ibs of luggage

Given the aircraft center of gravity is in balance,
IS IT OKTO TAKE OFF WITH PASSENGERS AND LUGGAGE?

Total passenger weight = 670 Ibs
Total luggage weight = 105 Ibs

Total passenger/cargo = 775 |Ibs

DISCUSSION: What are the RISKS? What are the options in this situation?

NEVER TAKE OFF EXCEEDING MAX TO / GROSS WEIGHT
END OF STORY

Ground School 2011 Created by Steve Reisser



WEIGHT AND BALANCE

Flying Too Heavy (Over Gross)

» Reduced structural load safety factor

» Reduced acceleration, higher take-off speed and longer take-off distance

* Reduced rate and angle of climb

» Reduced cruising speed and range

» Higher stalling speed and reduced maneuverability

 Higher landing speed and extended landing distance

 or maybe the aircraft won't even leave the ground — which can be a bit
expensive if you end up in the barbed wire fence at the end of the strip. Much
worse if it does get airborne but you trip over the fence; or if you can't
establish a climb rate greater than the vertical velocity of down-flowing air at
the end of the runway.

Ground School 2011 Created by Steve Reisser



WEIGHT AND BALANCE

“CENTER OF GRAVITY” (CG)
IMAGINARY POINT OF BALANCE FOR THE AIRCRAFT

Ground School 2011 Created by Steve Reisser
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WEIGHT AND B

ALANCE

BALANCE BOTTOM LINE

Forward
limit

Aft
limit

G

High control forces

Higher stalling
speeds

Longer takeoff and
landing distances

Harder to raise the
nose during take-
off and landing

Unstahle flight
characteristics

Aircraft structure is
easily overstressed

Yiolent stalls

Aircraft may not
recover from a
spin

Sreated by Steve Reisser



WEIGHT AND BALANCE

Utility Category CG Range
MANEUVER LIMITS

Center of
. MNORMAL CATEGORY
gravity has
. ; This airplane i= certificated in both the normal and utility catego-
ry. The normal calegory is applicable to aircraft intended for non-
Ilmlts Of hOW far aerobatic operatioms. These include any maneuvers incidental to nor-
f d mal flying, stalls (except whip stalle). lazy sights, chandelles, and
Orwar turns in which the angle of bank 15 not more than 60°. Aerobatic ma-
neuvers, including -spins. are notl approved.
or rearward CG
UTILITY CATEGORY
can be to oo _ -
This airplane is not designed for purely aerobatic flight. Howewver,
in the acquisition of variong certificates sueh ag commercial pilot, ingtru-
Safely ﬂy the ment pilot and flight instructor, certain maneuvers are required by the
. FAA, All of these maneuvers are permitted in this airplane when oper-
alrplane ated in the otility category.
Mormal Catagory CG Ranga
2300 e
& 2200 CENTER OF GRAVITY =
£ LIMITS i FAR, Part 23.337
D 2100 —
2 H | Normal +3.8G, -1.52G
@ 2000 —
I_E ==
= s
g 1900 :;
- - f H | Acrobat +6.0G, -3.00G
z 1 =i
[ UTILITY NORMAL u
w 1700 CATEGDRY CATEGORY =
& H
= 1800 —

1500
da d3 I a7 39 J3 al &1 42 ad a4 a3 4G ay

AIRPLAME C.G. LOCATION - LOCATIONIMCHES AFT OF DAT LU (STA. .04 Created by Steve Reisser



WEIGHT AND BALANCE

CG LIMITS SPECIFIED AS # IF INCHES FROM THE “REFERENCE DATUM”
WHICH IS DIFFERENT ON DIFFERENT TYPES AND MODELS OF AIRCRAFT.

| Ie Qamum 15 oo £5 INCnes

ahead of the wing's leading edge. The datum is at the front face of the firewall.

- 66.25

The datum is 109.7 inches ahead of the
center of the main gear.

~-— 109.7 — /?F

p_': i o

Ground School 2011 Created by Steve Reisser



WEIGHT AND BALANCE
BALANCE

Ground School 2011 Created by Steve Reisser




WEIGHT AND BALANCE

Craitunn
1

‘* """""" 100° } Distance weight is from datum is called ARM

Eulerim

A Moment = 5000 paund-nchas

MOMENT is weight exerted at end of the arm

Wt X Arm = Nfornemt
flbs] X fin) = (Ibs.sin)

&l ¥ oA ;Eﬂﬂﬂ ’ LEFT=RIGHT

Reference Datum is our fulcrum

BALANCING ACT

Ground School 2011



If 50 lbs of weight 1s located at point X and 100 lbs 1s located at point Z, how much weight must be located
at point & to balance the plank?

= A7 s, Latum
| 5 0 100” ¥
| i ':‘ i
% 'Y i z o
| |
' |
20 Ths Iy : 100 Ihs SOLVEFOR Y
! 5050 + 257 = 100*100
A 2,500 + 257 = 10,000
25% = 10,000-2,500
Fulerum 25¢ = 7,500
Left = Right Y= 300Ts
y= 9

How far should a 500 Ib weight be shifted to balance a plank on the fulerum?

I I I
| 5" 1 20
) N |
|
S001bs | X7 | 250 Ibs 500 2=15%200+20%250
500 2= 8,000
H=8,000/500 =16

I

I

I PLANK WEIGHT 200 LB=
45" |
I

i i 457

15 A\ S ’

i

|
A Sincetle.‘Il]I]]]::MislS inches and we need 16 we must move it 1 more inch to the left




Ground School 2011

WEIGHT AND BALANCE

CG LOCATION
Empty Airplane: PFilot:
Arm : 73 inches

Arm : 70 inches
Weight: 1,150 pounds

eight: 135 pounds

<
Weight Arm Moment
Empty Airplane 1,150 pounds X T7Oinches = 80,500 pound - inches
Pilot 135 pounds X 73inches = 9,855 pound - inches
Total 1,285 pounds 90,355 pound - inches

90,355 pound-inches

Total Moment
= 70.3 inches

= CG Arm
Total Weight 1,285 pounds

Created by Steve Reisser



WEIGHT AND BALANCE COMPUTATION METHOD

CALCULATE CG AS
Ty LOADING TOTAL MOMENTS / TOTAL WEIGHT
(C.G. ARM) ARRANGEMENTS ENTER ON GRAPH

Pisl of padd Gngas carlar o gimssy
on adpslable seals posiioned lor
Qe cooupanl Numbes in paren-
Py irgdcale loneard and of s
of sStupard Cortel of gritly thnga

“Arm measured (o the oemier of 1P
argas thown

MOTE: Tha rowr o abbn wial | apeeodmaie of alkon 7008
or aft Bagoage wal [Appsoim ale stafion 1425
C8N B US4 &b SOmndnlont INDeskod refarEnce
PN, W Qe minereg v I allon 9l Raggage
Afda Mo Glega SEMGR

hMaimam Pagoage n ANGE 1S 120 pousss
bl o BRJOA0E I Aran 2 W B pain

of tha lings i# within
Arm bor pliot and front s0al passanger ks 37 Inches, the OO limite, tha

Arm f0r rear passenge Is 73 inchos. , : i iﬂﬂﬂﬁﬁﬂl 1| toading is acceptabla

1, Entid the Qraph &l your 1otal skt on 1he 60 Side, Your G Location

2. Drowvs m ling from tha baltom ol your calculated GG,
TR, S [ T- Mg
BTy s 1,432 e 53 3, Tha intersection of the lines i3 within the GG limits,

Pasr 48 ” L &0 the loadng i@ acceplable.
P S5ar Phaifust®, 134 AT g

res, Sear Plgn e 1B 1 [LEE ]
Basnasr Ll -3 " o

Eﬂ.'_l:l-u Gia. m BPmesm) 3o ey LY "?
ThThi 1.2% E.“ ]

prea, PlgeuT - Thrme pARgHT = £ SHeEE
e 2200 = ALS souEd




WEIGHT AND BALANCE

ITEM

WEIGHT

ARM

MOMENT

ITEM

ITEM = WEIGHT ARM = MOMENT
EMPTY WEIGHT 1455.6 38.5 = 56040.60 EMPTY WEIGHT 1455.6 | x 38.5 = 56040.60
Fuel (40 G. Max) 120 45.3 = Fuel (40 G. Max) 120 | x 45.3 = 5436.00
Pilot/Front Seat 210 37 = Pilot/Front Seat 210 | x 37 = 7770.00
Rear Seat 170 72.8 = Rear Seat 170 | x 72.8 = 12376.00
Baggage Area 1 60 94.9 = Baggage Area 1 60 [ x 94.9 = 5694.00
Baggage Area 2 0 123 = Baggage Area 2 123 = 0.00

A [MOM/MWT]
8 fEEAEAEuNs A anE aREns SHEEN

(=]
&
(=]

CENTER OF GRAVI

LIMITS

TY |4

'LANDPLANE ™

N

5]
o
=
=]

-
L=}
=
=

ATRCRAFT WEIGAT (POUNDS)

1800 FH——

1700 - ' UTILITY | NORMAL {1

; CATEGORY | 'CATEGORY -]

1600 = ! |
|

160011

34 35 36

Ground School 2011

3t

a6 39

40

41 42 43

45
ATRCRAFT C.G. LOCATION = INCHES AFT OF DATUM

44

46

47

LOADED ATRCRAFT WEIGH L (FUURLIS)

Total

CG MOMMWT= (A)
43.32

Fit

B [MOM/1 000]

1 EERNE!

2300}~

r87316.60

MOM

(B)

/1000=—*87.3

2200f-

1800

CENTER OF GRAVITY E -‘:,' A4ALARERAE '|:

MOMENT ENVELOPE || [ iaEicraadnatit

l LANDFLANE 3 TH I"""

T AAmE S AR ) u

':”:f'i'f!. .:'.f|i:

i fsiatacs T FEEH

1000t b H— A HHH
R .:_/.{f.d_@o@:f i
/@‘@"-’*’.: H

ATE) /JI
1600 | B O

Ll

A

T

radsiieR]

T

1500 L.
45 50 55 60

3

Ta (5 80

85

a0

a5

100

LOADED AIRCRAFT MOMENT /1000 (POUND-TNCHES)

105

110



WEIGHT AND BALANCE

ITEM WEIGHT ARM = MOMENT ITEM WEIGHT ARM = MOMENT
EMPTY WEIGHT 1455.6 | x 38.5 = 56040.60 EMPTY WEIGHT 1455.6 | x 38.5 = 56040.60
Fuel (40 G. Max) 240 | x 45.3 = Fuel (40 G. Max) 240 | x 45.3 = 10872.00
Pilot/Front Seat 340 | x 37 = Pilot/Front Seat 340 | x 37 = 12580.00
Rear Seat 170 | x 72.8 = Rear Seat 170 | x 72.8 = 12376.00

Baggage Area 1 94 | x 94.9 = Baggage Area 1 94 | x 94.9 = 8902.60

Baggage Area 2 0| x 123 = Baggage Area 2 0] x 123 = 0.00

Total 2299.6 100789.2

A MOM/WT] CG WT/MOM=43.83 MOM (B)
B hEaaa AN R e R A an :|:. SHEs Enenh mmn

. (A) /1000= 100.78

2300 — ‘ ‘ — e

i B [MOM/1000]
LIMITS HE HEHH

‘ A HH - R e e
' E!";/.’f',‘ff'fff.ff TTILANDPLANE — I 500l CENTER OF GRAVITY H | gt

MOMENT ENVELOPE |{i it 1 | LA
PO LANDPLANE R H camscony 1L

(=]
&
(=]

5]
o
=
=]

-
L=}
=
=

ATRCRAFT WEIGHT (POUND

e

3

=

) i

; 8 S S Y lanas am e awa ‘: 2100 e :.|: ey |’£’ | T ]
1800 e e - | I i EEEEREE /:.:. L HH
I 20 i = 20008 I 1 g T I ==
vrook UTILITY g | NORMAL |11+ : P AR A
[ CATEGORY i CATEGORY —{— E 7 3 o | FFH
| | , 5 Y (O Y O IR W SN N D £ 1900 HT NEEpE
1600 |— = o N e
N O O . = 1800 = i
PP N 1 R RN . S8 §BGEE NETS BN B : EEHER 1an ERRiEEe
34 35 36 ki) a6 33 40 41 42 43 44 45 46 47 o 5 W e T MW
g 1700k T i e L
AIRCRAFT C.G. LOCATION - INCHES AFT OF DATUM a FI B HHEEEHEEHE
=} | IEEEESEEES
.- g 1600k EE R
orwar imit . it o
1500 LLLL e

a5 G0 65 T 5 &0 85 a0 a5 100 105 110

s Aft CG Limit ™ Exceeds Gross =~ ”

Ground School 2011 LOADED AIRCRAFT MOMENT /1000 (POUND-TNCHES)



Ground School 2011

WEIGHT AND BALANCE
TABLE METHOD

: : .! B .'_."-."'._. TN,
Fllun.! ] _"-'- pEREuzga
pril

b

Simplified: Look up weight
and total moment, removes
need to multiply by arm.

Created by Steve Reisser



USEFUL LOAD WEIGHTS AND MOMENTS
OCCUPANTS USABLE FUEL
FRONT SEATS || REARSEATS MAIN WING TANKS
AR 85 AR 131 AR TS
i Mamant
e | 22 | vugn — | B
120 {[i-) 120 | 148 5 & =
130 10 130 157 0] B0 45
140 118 140 188 15 B0 B8
150 128 150 182 20 120 80
180 1M 1684 154 25 150 12
i 1m 208 a0 180 135
w153 180 28 a5 210 188
0 | 180 230 & 240 180
200 | 200 242 &4 264 108
ALDGLIARY WING TANKS
BAGGAGE OR 5TH SEAT OCCUPANT ARM B4
ARM 140
100
Mgk, Galiong vemaghi
0 14 5 ) .
20 ] 10 B 55
X A2 18 a0 Bs
40 58 18 114 107
50 m
B0 B
2 o “0aL
& 112 Momant
] 18 Csrta Heekgr 100
100 148
110 154 10 i3 5
:ﬂ }E “Faaid I Cabi gy TaagrT
40 14 Emgty Welght - 2015
150 20
18 294 RO 100 - 1554
1M 24
160 52 SOLENT LIMTE v WERGHT
180 266 Wermupre s e asieed 0 the dcliowiieny wisghi ardd
Far) 280 caniee of praity it dain (landing gear dosm).
210 e
&0 308 WEIGHT FORWARD  AFT CG LIMIT
a2 COMDITION GG LIMIT
ﬁ g 2050 B (akecl 821 a7
or landing)
20 364 vl ) TS 88T
#n s MTShaofless 770 BT

Ground School 2011

[Figure X3 - Admans Wl and Balancs Tables.

Minirmum Macbmum Minlram Maxbmum
Walght 100 100 Weight 100 100
2100 1T 800 2800 Mar el
b 16825 ] ] 208 prst]
H 1632 187 2R3 2058 2238
130 1640 n 2630 2068 F-TH
J1&0 1648 1834 SRah Shbb 2255
2150 1656 1843 25 000 263
2150 1883 s 60 2904 M
1T0 1671 1860 28T 2112 LT
2180 1679 1868 2680 0 bl
2180 1885 177 2680 2193 e
2200 1654 1885 2700 2144 2313
210 1702 1854 EraL 2154 <10
2220 me 1003 i) 2168 218
2230 177 181 2T 7T 23
2280 T 1020 aTa SRR A
2350 1733 1928 7l LM 2
2260 1740 1637 2760 2210 e
IO 1748 1045 T Fel F35E
2360 1756 1654 2780 FrEY 3
280 1763 1863 rag 243 3T
2300 1T W0
2310 1778 1980 2800 254 s}
2320 1786 1008 P e T
k] 1T 8T 2620 23T a1
2340 1802 2006 28% 2287 2404
2350 1810 2014 TR eyl I3
7360 1817 2023 2850 ey 243
rabii] 1828 201 e 1] w1 M
2360 1833 200 et ] e M
300 1840 2048 i M3 44
o] ] T453
2400 1848 2087 0 Faar, 2480
2410 1856 2068 =10 v A
2420 183 2074 barat) o TS
2430 1871 2083 T T 2483
T 1878 2001 Fa 1) 2411 24
245D 1887 2100 o] T ) Pl
2460 a8 2108
24 182 207
it 1911 2125
2480 18 FIET
500 1032 2143
10 1942 2151
v ] 1853 2160
i 15853 2188
Ha0 1974 2176
-] 15 2154
T 1505 2152
b T ] 25 =200
580 2018 2308
80 fratr, ] gl

[ —

[o P N

e Pl Wbl
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What is the maximum amount of baggage that can be carried when the airplane is loaded as follows?

Front Seat occupants
Rear Seat occupants
Fuel

Ground School 2011

387 Ibs
293 Ibs
35 gallons

Weight Moment/100 1b.-in
Empty weight w/oil 2,015 1,554
Front seat 387 330
Rear Seat 293 355
Fuel, main (35 gal) 210 158
Total 2,905 2,397
Baggage 45 63
Max 2,950 2,460

Created by Steve Reisser



WEIGHT AND BALANCE

GROSS WEIGHT MOMENT LIMITS USEFUL LOAD WEIGHTS AND MOMENTS
'?% «E’% J% : [ OCCURANTS

*-’?q, 600 ERPTY WEISHT DiTA P has Sl
A B
‘?% - in winpby waight P:b-;;l hlc-'?ﬁﬂl PR Ar AT | BRAMYES
— ] ki g | Moment | weigy | Momest | W
Corifcaiad Waight |, 2118 1852 - i
oy %00 — YR R
2l E|2le|2
-'."q'cb 4200 FUEL }52 ﬁ: - :ﬁ Qﬁ g?
1100 e B E B
2 -i?% Galogd | Woight | viemam | dalons | iegi | Mr0eE = = = - £
| 2, iR HEE =
2 et AEIEIEIRIE IR ke
™
- ] 1B | 18 | 4w | oAn Waight L
£ : —mo | | xlmlelajs|s p ¢
L
2 ‘] - 7% 5 : | oz
= pa
oty @0 ¥ SUM THE WEIGHTS
" Bo 125
= - 20 SUM THE MOMENTS = -
,% 120 I%III
2400 % s
7 =) 0 £
" - 230 <PLOT m =
’ 0 e
% s 22':':' ] g
L =m0
oy - a©  DON'T FORGET 2| E
2000 i =
e T T EMPTY WEIGHT | & |

PEOTE: Al momonls and & sl b

et arm
a0

THIS IS A COMMON FORMAT FOR W/B ON THE FAA EXAMINATION

Ground School 2011

CENTER OF QRAVITY — [NCHES AFY OF DATUM [Common error]
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WEIGHT AND BALANCE

BAGGAGE
ARM 150
Waight Mormant
iG 15
20 30
40 a5
a0 B0
80 (=]
B g0
7a 105
&0 1210
L+ T} 125
100 150
110 165
120 80
130 185
140 214
1850 P23
160 247
170 255
1480 pgi]
190 285
200 b (]
210 215
220 330
230 345
240 J60
B 375
2684 320
270 405

Ground School 2011

EMPTY WEIGHT DATA OCGUPANTS
*Oil is ineluded Empty | Empty Lo b s
in empty weight Waight Welght Fwdl ARt
iLb.) Mament ARM 85 Position | Position
;'_;'1J:Iﬂ:| ARM 111 | ARM 136
Certificated Weight |. 2110 1652 Waigtit _Il:'lamem Weight Moment | Moment
. 120 102 120 148 163
130 111 130 57 17T
- 1440 18 140 169 190
- 160 136 160 194 1
F:?nt Seats = 340 Ibs e e % 2o £
— 160 1863 180 21 45
(hint 200+140=340) w0 | e | ot | e | 2%
Rear Seats = 160 lbs 200 70| 20 242 22
(@station 111) |
Baggage = 55Ibs =
(interpolate) ARM 75
Fuel (45 gals.) = Galions | Waight | Moment | Gallors | Weight | Momont
5 30 23 ds g7 1)
10 & 45 49 294 201
15 &0 s BS 330 gﬁ
20 120 a0 -] 260
SUM WEIGHT : | IR @ | w0 |
. 20 180 135 T 1
SUM MOMENTS' a5 210 156 T3 450 328
40 240 180 a0 480 &0

Created by Steve Reisser




MOMENT | 100 — N, LE

GROSS WEIGHT MOMENT LIMITS

“tp
o
g
gy

WEIGHT AND BALANCE

e “org

\/

1/

JA 78 TO an 82 B 86 gl
CENTER OF GRAVITY — INCHES AFT II‘J'F' DATUM

Forward CG Limit
e Aft CG Limit
m=—= Exceeds Gross

EMPTY WEIGHT= 2110, M=1652

Front Seats = 340 Ibs, M=289
(hint 200+140=340)[M170+119]

Rear Seats = 160 Ibs, M=194
(@station 111)

Baggage = 55Ibs, M=83
(interpolate 50-60)

Fuel (45 gals.) = 240 Ibs, M=203

TOTAL WEIGHT: 2935
TOTAL MOMENTS: 2421

Created by Steve Reisser



Ground School 2011

TLowpies [

ﬂ Find tha weight for the
pllot and lont soal passanger, f—

WEIGHT AND BALANCE
GRAPH METHOD

=k

| | Fead across to the
| | dingonal ling, iken
g0 fo tha batom and
fead e mismenl.

EASIEST OF ALL

Racoed tha momant an
Wour workaheed,

Rapaal ha procsss for rear seal
passEngars, bagpage, and fuel

Find tha tolal weight and tatal

momend bnes on ihe graph

If the mbarsaction o 1ha

linas i within tha anwalops
the [oadeng is accapiabia,

Created by Steve Reisser



LOAD WEIGHT (POUNDS)

390

300

200

150

100

Ll

LoA

D

W
ING]-

WEIGHT AND BALANCE

i W B
|!|"'..

I—'—— --H;?ﬂ"
pEmEEEs . BF il
I | 13

| O [ N . .
| | 1

1 S A
' | SRR Spr S A . H

MAXIMUM USABLE FUEL |

10

*STANDARD TANKS
** LONG

RANGE TANEKS

15 20

25 30

LOAD MOMENT/ 1000 (FOUND - INCHES)

NOTE: Line representing adjustable seats shows the pilot or pasgenger center of gravily
on adjustable seats positioned for an average occupant. Refer to the Loadine
Arrangemeants d::J.E.r,t';ml for forward and aft limits of occupant c.g. range.

* When using this method, Empty Weight and Moments given. You look up the rest.
Use “Center of Gravity Limits” (Sum of CG)

Ground School 2011
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GRAP

LDADING: ;“-

WEIGHT AND BALANCE
Will your CG change during a cross country burning 40 gallons of fuel?

H

cﬁg/

200

LOAD WEIGHT (POUNDS)

If so, how much and |n what dlrectlon WI|| the CG change”

’ sisEsditsima s

w2200 H+— ‘ ‘

e

A

CETER OF GRAVITY

LIMITS
LANDPFLANE HEE o

T.O.HERE | |

I I ST O O R T o O O O N 1900 ! -
150 FEFEHEEL 297 | FORWARD CG LANDING |
T ST EEs, H o o Bl B . T HHNENAL [
oo prp T Eea o R | ormaL |-
6 D.un L0] AREBIRIR *3TANDARD TANKS ?JXTEEORY: _Q‘T:b(: iORY T |
| 1 | H T **LONG RANGE T}\NKS 1600 | |
0.} - 5__:':::: || T‘[ :
< 25 1500 L] =1 ' §E b
3 LOAD }.,01435&010 f‘mum - CHES) 3¢ 35 36 3T 38 39 40 41 42 43 44 45 46 47
NOTE: Line representing adfustable seats shows the pilot or passenger center of gravily AIRCRAFT C.G. LOCATION - INCHES AFT OF DATUM
on adjustable seats positioned for an average oce L|.|'.Id.'.|1 Refer to the Loading
.r'il"]:"l.llhl.tllt nts diagram for forward and aft lisnits of neen ypant ¢ range
ITEM WEIGHT ARM = MOMENT ITEM WEIGHT ARM = MOMENT
EMPTY WEIGHT 14556 | x 38.5 = 56040.60 EMPTY WEIGHT 14556 | x 38.5 = 56040.60
Fuel (40 G. Max) 300 | x 45.3 = 13590.00 Fuel (40 G. Max) 60 | x 45.3 = 2718.00
Pilot/Front Seat 340 | x 37 = 12580.00 Pilot/Front Seat 340 X 37 = 12580.00
Rear Seat 170 | x 72.8 = 12376.00 Rear Seat 170 X 72.8 = 12376.00
Baggage Area 1 10.4 | x 94.9 = 986.96 Baggage Area 1 104 | x 94.9 = 986.96
Baggage Area 2 0| x 123 = 0.00 Baggage Area 2 0 X 123 = 0.00
Total 2300 95573..56 Total 2060 83701.56
CG WT/MOM=(A) CG WT/MOM=(A)
41.55 MOM (B) 40.63 MOM (B)
/1000= 95.57 Cl,reated by Steve Re8|s?se7r

Ground School 2011




WEIGHT AND BALANCE

A final consideration: Loads add/subtract total weight of aircraft. At GROSS
this is serious business. (i.e., vertical gust 18 KTS at 113 LOADS +3, effect

is add_igive in a bank (45 bank =+1.4G, Gust 18 K_TS = +3 G... near limits

LOAD FACTOR

4

INDICATED AIRSPEED KNOTS

Va
B C
{ 1_."' ¥ "'u"nfaD
~1'218 KTS
et - +5
- T = CAUTION
1 =9 TS RANGE
NGRMAL DPERATION RANGE
— [ ———] ‘15 fps
e s .
. ) - STRUCTURAL
DAMAGE
a7 97 128 160

(1722300 Lb Gross)



WEIGHT AND BALANCE
WEIGHT SHIFT

MOST weight shift issues are covered by the formula
Weight Moved Distance CG moves

Weight of Plane Distance between CG Arms

Given 3 of the four above, the 4th unknown value can be
Determined by simple algebraic formulation.

Wt. Moved * Dist. between CG Arms = Wt. of Plane * Dist. CG moves

Wt. Moved = (Wt. of Plane * Dist. CG moves) / Dist. Between CB Arms

Dist. Between CG Arms = (Wt. of Plane * Dist. CG moves) / Wt Moved

Dist. CG Moves = (Wt. Moved * Dist. Between CG Arms) / Wt of plane
Wt of plane = (Wt. Moved * Dist. Between CG Arms) / Dist CG Moves

Ground School 2011 Created by Steve Reisser



WEIGHT AND BALANCE
WEIGHT SHIFT

Weight Moved = X Distance CG Moves = 2 inches

Weight of Airplane = 2,500 pounds Distance Between CG Arms = 36 inches

X 2

—— = ——

2,500 36
Ops, we are aft-CG by 2 inches. How

much weight must we move from back? ¥iim
Difference in back/front seats is 36 inches. 36
Plug formula and solve. You must move
138.6 Ibs. from back seat to front seat.

2,500 x2

X =138.8 pounds

Ground School 2011 Created by Steve Reisser



ADVANCED WEIGHT AND BALANCE

LEFT = RIGHT If you shift
one, then you need to shift
the other.

Example. Lets move the
RIGHT 50 Ibs to the LEFT
(10 inches) [Arm to right
changes from 100 to 90
inches]. How far and in
What direction must you
move the 100 Ibs on the
LEFT to keep CG in

balance?
LEFT = RIGHT
100(x) + 50(50”) =50(90")
100(x) + 2500 = 4500
100(x) = 4500 -2500

NEW POSITION (x)=(2000)/100 = 20”

v X O 6] 4 LR

Fulorum 5,000 Mo,-in.

MSmant
{1 b, £,
2500
£,200
5,000

I

100 Ibs must be moved from position 25 to position 20.
You must move the 100 Ibs to the RIGHT 5 inches.

Ground School 2011
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Commercial Weight Shift

WEIGHT CHANGE AND WEIGHT SHIFT COMPUTATIONS

1. Authors’ note: The following is an effective, intuitively appealing handout used by
Dr. Melville R. Byington at Embry-Riddle Aeronautical University (used with permission).

a. Background -- Center of gravity shift problems can be intimidating when an organized
approach is not followed. If one goes to the usual texts for assistance, the resuilt is
often either :

1) “Just plug this/these formulas” (without adequate rationale), or
2) Follow a set of (up to six) formulas to solve the problems, or
3) Follow a tabular approach, which is often lengthy and tedious.

b. Basic theory -- The foregoing “methods” obscure what can and should be a logical, _
straightforward approach. The standard question is, “If the CG started out there, |
and certain changes occurred, where is it now?” It can be answered directly o
using a SINGLE, UNIVERSAL, UNCOMPLICATED FORMULA.

1) Atany time, the CG is simply the sum of ali moments (£M) divided by the sum of
all weights (ZW).

_ X
e

2) Since CG was known at some previous (#1) loading condition (with moment = M,
and weight = W,), it is logical that this become the point of departure. Due to
weight addition, removal, or shift, the moment has changed by some amount,
AM. The total weight has also changed if, and only if, weight has been added
or removed. Therefore, the current CG is merely the current total moment
divided by the current total weight. In equation format,

CG

AM
AW

M,
W

I+

CG = Current Moment/Current Weight becomes CG =

H

Ground School 2011 Created by Steve Reisser



Commercial Weight Shift

62. An alrplana |3 lopded 10 a groas welght of

4,800 paunds, with three places of luggege in the rear
compartment. CG ie located 88 inches

aft um, which iz 1 inch all of lmits. H luggage

which weighs 80 pounds is movad from tha rear
compartment (145 inches aft of datum) to

tha front compariment {45 Inches aft of datum), what

I3 the new CG?

A 56.13 inchas aft of dalum.
B. 85.50 inches alt of dalum,
C. 90.87 inches alt of datum.

Ground School 2011

-ﬁmawar correot. (AWBH Chap 2) |
: Ta detarmine the naw GG, uaa the fnunwlng
fun'nula '
New CG M, + a-:
ew = —
K, + AW

MM1 = onginal moment and W, = ¢niginal weight.

Since tham B no manqa in weight, AW = 0 and weight
shifted forward causes a “=" momeni change.

*

{4,800 x 98) — 90(145 - 45)
4,800

470,400 - 9,000
4,800

New C&F =

461,400 96,13
4,800 i

Angwar (B} s incorrect because the new CG is 86, 13, not
gg gg Anewer (C) is incormect becausa the new CA i l5 EB.13 not

Created by Steve Reisser



Commercial Weight Shift

83, An aircraft ia loaded wilh a rermp wesght of

4,850 pournds and having a CG ol 84.0, appreximalely
haw much baggage would have ¥ ba moved from the
rezr baggage arsa at station 180 io the forward .
buggqag! area at station 40 In order to mov the CG o
92.0%

A, 5214 pnuni:ls.
B. 82.24 paunds.
C. 78.14 pounds.

Ground School 2011

Arswer {A) is coracl. {(AWEBH Chap 2)
RISCUSSION To determine how much welght needs to be
?hiltedhfnmard {causing a =" moment change), usa tha following
ok

M, + AM

W, + Aw
whero M, = oniglnal momort and W, = ﬂgnalwefghnard
smmemmnumnmhw
(3,650 = 34.0) - x(180 - 40}

2.0 =
3,650

335,800 = 343,100 - 140x

I40x

343,100 - 335,800
i1d0x = 7,300
X = 52,14 1b,

Angwer {B) is incorrect becauss only 52 14 b., not 62.24 1.,
of bagnags nseds to be shifted. Answer (C) is incorrect because
only 52.14 I, not 78.14 Ib., of bangags needa 10 bs shiftad.

Created by Steve Reisser



WEIGHT AND BALANCE

FORWARD CG

* Higher pull force on the yoke.

Additional pull on the yoke needed to maintain straight and level flight.
Full back yoke fails to hold the nose up. (may not detect this problem
until you attempt to rotate the airplane for takeoff ( WHEELBARROW).
Stall speed increases when the CG is farther forward.

Stability generally improves with a forward CG.

AFT CG
« The airplane may feel more controllable and more sensitive.

* The airplane may be more difficult to trim, because a small
trim change will have a larger effect. Forward
« Aft CG decreases an airplane’s stability.
- VERY DANGEROUS

High control forces

Unstable flight
Higher stalling characteristics
speeds Aircraft structure is
Longer takeoff and easily overstressed

landing distances Violent stalls

Harder to raise the
nose during take-
off and landing

Aircraft may not
recover from a
Spin

Ground School 2011
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WEIGHT AND BALANCE

NEXT WEEK: Quiz on Performance/W-B. Bring calculator
or your E6B to do the computations.

FEDERAL AVIAITION REGULATIONS

SOURCES OF AVIATION INFORMATION

AIM, FARs, A/FD, and INTERNET SOURCES

THESE ARE THE LAST UNITS BEFORE WE

BEGIN DIRECT PREPARATION FOR THE FAA WRITTEN.

(PLEASE BRING YOUR AIM/FAR and Airport/Facilities
Directory)
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