Chapter 7

Weight and Balance Control—

Helicopters

Weight and balance considerations of ahelicopter aresimilar
tothose of anairplane, except they arefar morecritical, and
the CG range is much more limited. [Figure 7-1] The engi-
neers who design a helicopter determine the amount of
cyclic control power that isavailable, and establish both the
longitudinal and lateral CG envelopesthat allow the pilot to
|oad the helicopter so thereis sufficient cyclic control for all
flight conditions.

If the CG is ahead of the forward limit, the helicopter will
tilt, and therotor disk will haveaforward pull. To counteract
this, rearward cyclicisrequired. If the CGistoo far forward,
there may not be enough cyclic authority to allow the
helicopter to flare for alanding, and it will consequently
requirean excessivelanding distance.

If the CGisaft of thealowablelimits, the helicopter will fly
with atail-low attitude and may need more forward cyclic
stick displacement than isavailableto maintain ahover ina
no-wind condition. There might not be enough cyclic power
to prevent the tail boom striking the ground. If gusty winds
should cause the helicopter to pitch up during high speed
flight, there might not be enough forward cyclic control to
lower the nose.

Helicopters are approved for a specific maximum gross
weight, but it isnot safeto operate them at thisweight under
all conditions. High density altitude decreases the safe
maximum weight asit affects the hovering, takeoff, climb,
autorotation, and landing performance.

The fuel tanks on some helicopters are behind the CG,
causing it to shift forward asfuel isused. Under someflight
conditions, the balance may shift enough that there will not
be sufficient cyclic authority to flare for landing. For these
helicopters, the loaded CG should be computed for both
takeoff and landing weights.
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Figure 7-1. Typical helicopter datum, flight stations, and butt
linelocations.



Longitudinal GG Envelope Lateral balance of anairplaneisusually of little concern and
Pty isnot normally calculated. But some helicopters, especially
those equipped for hoist operations, are sensitiveto thelateral
i position of the CG, and their POHsinclude both longitudinal
BT o and lateral CG envelopes as well as information on the
maximum permissiblehoist load. Figure7-2isanexample
. of such CG envelopes.
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The empty weight and empty-weight center of gravity of a
helicopter are determined inthe sameway asfor anairplane.
o o £ £ iy Theweightsrecorded on the scal es supporting the helicopter
Longitudinal SG—Inches AL ol Dalurn are added and their distance from the datum are used to
compute the moments at each weighing point. The total

moment is divided by the total weight to determine the

Latzral Offset Moment Envelope location of the CG ininches from the datum. The datum of

o some helicoptersislocated at the center of the rotor mast,
g b o) but since this causes some armsto be positive (behind the
- datum) and others negative (ahead of the datum), most

Aty : modern helicopters have the datum located ahead of the
: aircraft asdo most airplanes. When the datumisahead of the

aircraft, all armsare positive.
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et -'G.} The lateral CG is determined in the same way as the
i longitudinal CG, except the distances between the scalesand
) butt linezer o (BL 0) areused asthearms. Armstotheright
of BL 0 are positive and those to the | eft are negative.
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Figure 7-2. Typical helicopter CG envelopes.

ltem Yaight Longituds Latitudae Longituds Longituds Lateral Offset
Arm Arm Moment caG Maoment
Helicoptar empty weight 1,545 101.4 +0.2 156,663 308
Filat 170 §4.0 -13.6 10,830 —2,266
Fassenger 200 64.0 +13.56 12,800 2,700
Fuel 42 gallans 288 96.0 —&.4 27,648 —2,419
2,203 207 91 G4.4 —1, 708

Figure 7-3. Determining thelongitudinal CG and the lateral offset moment.

Maximum permissible hoist load: Butt (or buttock) line zero: A line
The maximum externa load that is through the symmetrical center of an
permitted for a helicopter to carry. aircraft from nose to tail. It serves as
This load is specified in the POH. the datum for measuring the arms

used to find the lateral CG. Lateral
moments that cause the aircraft to
rotate clockwise are positive (+), and
those that cause it to rotate counter-
clockwise are negative (-).



Determinewhether or not ahelicopter withthesespecificartions
iswithinboth longitudina and latera weight and balancelimits
by congtructing achart liketheonein Figure 7-3:

EMpty WEIGNL ... 1,5451bs
Empty-weight CG .......cccccecveeenee 101.4in. aft of the datum
Lateral balancearm.......cccovvveverirenne. 0.2in.rightof BL O
Maximum alowable grossweight ...........cccceeeueee. 2,2501bs
|21 (o) A 170 Ibs @ 64 in. aft of datum
and 13.5in. left of BL O

Passenger ....occeevveveeeerereeeene 200 Ibs @ 64 in. aft of datum
and 13.5in. right of BL O

Fue 480d ..o, 288 Ibs @ 96 in. aft of datum

and 8.4 in. left of BL O

Check the helicopter CG envelopesin Figure 7-2 to determine
whether or not the CG is within limits both longitudinally
and laterdly.

Inthelongitudinal CG envelope, draw alinevertically upward
fromthe CG of 94.4 inchesaft of datumand ahorizontal line
from the weight of 2,203 pounds grossweight. Theselines
crosswithin the approved area.

Inthelateral offset moment envelope, draw alineverticaly
upward from left, or —1,705 Ib-in, and a line horizontally
from 2,203 pounds on the gross weight index. These lines
crosswithintheenvel ope, showingthelateral balanceisalso
withinlimits.

Effects of Offloading Passengers and Using Fuel
Consider thehelicopter in Figure 7-3. Thefirst leg of theflight
consumes 22 gallons of fuel, and at the end of thisleg, the
passenger deplanes. Isthe helicopter still within allowable
CGlimitsfor takeoff?

To find out, make anew chart like the onein Figure 7-4 to
show the new loading conditions of the helicopter at the
beginning of the second leg of theflight.

Under these conditions, according to the helicopter CG
envelopesin Figure 7-2, thelongitudinal CGiswithinlimits.
However, thelateral offset moment isexcessive since both
the pilot and thefuel areontheleft sideof theaircraft. If the
POH alowsit, thepilot may fly theaircraft onitssecondleg
from theright-hand seat. According to Figures 7-5 and 7-2,
thiswill bring thelateral balanceinto limits.

Item Weight Longitude Latitude Longitude Longitude Lateral Offset
Arm Arm Moment CG Moment
Helicapter empty weight 1,545 1014 -0z 1656 663 a0s
Filat 170 G0 —13.5 10,680 —2.285%
Fuel 26 gallons 156 950 -2.4 14576 -1,210
1,871 182,512 576 —3, 205

Figure 7-4. Determining thelongitudinal CG and the lateral offset moment for the second leg of theflight.

Item Weight Longitude Latitude Longitude Longitude Lateral Offset
Arm Arm Moment 2] Moment
Helicapter empty weight 1,545 1014 +0.2 1656 663 a0s
Filat 170 640 +13.5 10,880 2,295
Fuel 26 gallons 156 95.0 3.4 14,875 1,310
1.871 152,519 IR 1,294

Figure 7-5. Determining the longitudinal CG and the lateral offset moment for the second leg of the flight with the pilot flying

fromtheright seat.

Lateral offset moment: The
moment, in Ib-in, of a force that

tends to rotate a helicopter about its
longitudinal axis. The lateral offset
moment is the product of the weight
of the object and its distance from
butt line zero. Lateral offset
moments that tend to rotate the
aircraft clockwise are positive, and
those that tend to rotate it
counterclockwise are negative.






