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Number of blades

Blade chord, feet

Centrifugal ._torce - blades, 1lb.
Centrifugal force - tip, 1b,
Center of gravity

Blade drag, 1b.

Nacelle drag, 1b.

Distance fiom £ rotation to lead lag huige (% R)
Net engine thrust, 1b.
Grsvitational units (32.2 ft/sec”)
Fuselage length, inches

Mass nnit_s.

Rotor radius, fee:

¥o/¥g
Vp/¥g
"r/¥
Vp'¥

Maximum speed

Weight of blade, 1Db.

Weight of body group, 1b.

Weight of crew, 1lb,

Empty wveight less fuel tanks, 1b,
Weight of fuel, 1b.

Weight of flighkt controls, ib.
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SYMBOLS (CONTINUED)
Weight of fuel tanks, 1b.
Gross weight, 1b.
Weight of hub, 1b.
Weight of landing gear, lb.
Weight of payload, 1b.
Weight of pylon, 1b.
Weight of rotor group, 1b.
Weight of stabilizer, 1b.
Weight of blade tip, 1b.
Weight of tail rotor, 1b.
Moment arms of CF lines of action

Lead lag angle

V/¥g
Wo/¥p

Rotor angular velocity, rad/seec,
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1.0 SUMMARY

1.1 Weight Studies

The final weight breakdown for the Model 1108 is the result of the para-
metric study, with the limiting factors involved by the use of actual
hardware engines, plus such components on which design layouts have been
completed.

The actual weight status of the components comprising the "final" empty
welght configuration 1s as follows:

Rotor Group (Blades, retention, hub.) Weights calculated
from design layouts.

Tail Group (Tail rotor and stabilizer.) Weights computed
by means of statistical equations.

Bodx Group (Primary and secondary structure. and provisions
for equipment.) Weights computed by means of
statistical equations.

Landing Gear Group (Wheela, struts, mechanism.) Weights computed
by means of statistical equations.

Flight Controls Group (Cockpit controls, linkage rotating and nonrotat-
ing items, boost systems and tail rotor controls.)
Weights computed by means of statistical equatione.

Pylon Group (Rotor support structure and isolation provisions.)
Weights computed by means of statistical equations.

Engine Section Group (Nacelle fairing, engine mounts, starting system,
provisions for oil and fuel lines, 0il coolers,
inlet and exhaust provisions, engine controls,
electrical provisions.) Weights calculated from
design layouts.

Engines Weight of Continental (CAE) Model 357-1 was used
for this study.

Fuel System Weight of fuel system was computed as a fixed
percentage of fuel required for the mission.

Auxiliary Power Units Actual weights of selected units were used.
(AiResearch GTCP 100-5k4)

Gear Boxes and Drives (Equipment drives and gear boxes.) Weights calcu-
lated from design layouts,




Engine Controls Weight calculated from design layouts.

Starting System (Lines, valves, and ducts.) Weights calculated
from design layouts.

Instrument Group (Instruments, installation, and wiring and pip-
ing.) Weights evaluated by design requirements.

Electrical Group (Wiring, relsys, inverters, batteries, etc.)
Weights evaluated by design requirements.

Electronics Group (Radios, antennas, intercom.) Weights evaluated
by design requirements.

Furnishings Group (Crew seats, belts, reels, pyrotechnics, air con-
ditioning, emergency equipment.) Weights computed
by means of statistical equations.

In order to establish the available fuel weight in terms of design para-
meters, the following relationship may be considered:

Wo WL =W, - W, - W, - W, (1)

Dividing by W,, the relationship may be expressed as

Rp tRpp T 1Ay Fp - R
and since wFT = .10WF, tren RFT = .IORF
Then R, = 91(1 - ¢1 - R, - Rc)

The use of this available fuel weight ratio expression is detailed in the
parametric analysis, and a fuel weight is determined for the designated
mission. This fuel weight is ther substituted into the above relation-
ship, and the fuel tank weight is evaluated therefrom.

In view of the fact that the primary purpose of the subject study was to
investigate the feasibility of the tip turbine rotor system concept, much
design time was utilized in "sizing" the rotor group. The final decision
to employ a four-blade, eight-engine rotor configuration was dictated by
the requirement that the Continental 357-1 engine (1,700 1lb. thrust) be
atilized. Therefore, the major weight study effort was directed toward
the satisfactory preliminary design ¢f a four-blade rotor system utiliz-
ing the most efficient design techniques and the optimum combination of
structural materials available.

After numerous design studies had been conducted, which considered com-
binations of stecl, titanium, and aluminum, and after investigationes that
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dealt with the most erficient chordwise mass distribution for providing
required chordwise EI values, the following blade and hud construction

was decided on:

Eggine Nacelles

Titanium

Aluminum

Blades

Titanium

Steel

Aluminum

Hub Assembly

Titanium

Bteel

Engine nacelle skins
Engine nacelle fire wall
Engine moun. installation

Center body and supports
Splice plates

Frames and doors
Honeycomb structures
Channels and duects

Ribs - retention

Inboard and outboard bearing supports - retention
Blade retention webs and supports - retention
Leading and trailing edge buildup - retention
Leading edge nose cap and extrusion - retention
Skins and nose plates - retention

Trailing edge skins - blade

Trailing edge caps - blade

Trailing edge extrusion - blade

Blade ribs - blade

Leading edge skins - blade

Root and tip fittings - blade

Leading edge cover - blade
Bushings and bearings - retention

Trailing edge core - retention

Leading edge filler - blade

Inner sandwich skin - trailing edge - blade
Core - blade

Rotor mast and gimbal ring
Bearings - pins and retainers
Hub plates

Center shaft

Retention pins

Drag link assembly

Gimbal Learings



1.2 Balance Studies

1.2.1 Rotor Balance Considerations

In seiecting a type of rotor system to fulfill the requirements of a
heavy-1ift helicopter, it is necessary to consider the size of rotor
nrd type of propulsion employed. In the case of the tip turbojet,
engines are mounted on the blade tips thereby changing the blade mass
characteristics from those c¢f a conventional system.

In & rotor system of the size proposed, complexity of hub and flight
controls, and hence weight, is dictated by the number of blades in the
system; in this regard then, the rotor with the minimum number of blades
will be the optimum. To aid in the selection, a study was conducted re-
garding the merits of both articulated and universally mounted systems.

In steady flight with constant angular velocity, thrust and centrifugal
moments are equal to drag moments, and the blades are in equilibrium in
the rotor plane. Theoretically, at this stage there shouid be no tend-
ency for dissimilarity of blade geometry within the system as each blade
has identical thrust, drag and centrifugal forces acting upon it, and
the entire system is balanced. However, if one or two engines lost
pover or falled completely, the effect on the system would be to upset
the balance of the rotor, and the blades-engines combination would seek
new equilibrium positions.

It is apparent that a rotor system with articulation, free to hinge
about a lag axis, would rotate about that axis until a new equilibrium
point was reached, wrich in this case would be the drag mcments being
balanced by blade centrifugal moments only. In order to determine the
magnitude of such a lag angle change, a generalized equation was derived
from inputs that were taken from the rotor geometry in a one-blade power
loss condition. The equilibrium equation with engines out may be stated

2 D(3/4R - eR) - CFWB(Z]_) - CFWT(ZZ) = 0 (See Figure 1)

This relationship is explained in full in Section 4.0, and the deriva-
tion of the geaneralized equation which expresses the lag angle is dis-
cussed.

Using the equation to investigate the effects of a power loss indicates
that the articulated system will have a blade angular displacement which
produces an in-plane unbalance approximately twelve times greater than
the rigid system. The elastic deflection due to one~ and two-engines-out
conditions on the universally mounted rotor produces in-plane out-of-bal-
ance forces of 1,011 pounds and 2,310 pounds, respectively, while the
same conditions on the articulated rotor produce forces of 13,715 pounds
and 27,431 pounds. By virtue of this, the decision was made to eliminate
the articulated system from further study and to adopt a universally
mounted rotor system.



Figure 1. Ceometry of Blade About the Lead-Lag Hinge.




1.2.2 Alrcraft Balance

Experience at Hiller Aircraft Company has indicated that & helicopter
ewploying a aniversally mounted rotor is generally at a disadvantage vhen
the center-of-gravity travei is compared tc that of a helicopter with an
articulated system. However, vhen a helicopter of the size of the Model
1108 is considered, the linear center-of-gravity travel of a universally
mounteé rotor system becomes sufficiently extensive to encompass wide
variations in loading.

For purposes of balance control, it is considered feasible to design the
fuel system center of gravity to coincide with the centerline of rota-
tion, thereby minimizing adverse balance effects due to fuel consumption.
The crev weight, being only 1.1 percent of the empty weight, will have a
negligible effect on the longitudinal belance and need not be considered
further.

In order to eliminate undesirable balance charscteristice, the emwpty
weight balance vas computed so that the center of gravity in the empty
condition was as close to the centerline of rotation as possible.

The total available center-of-gravity range as computed in BSection 5.2.1
indicates that 12,7 inches ére available for loading variations. It is
expected that this range will be expanded with the incorporation of the
rotor spring restraint system.

A woight and balance breakdown showing horizontsal and vertical centers
of grevity has been compiled and indicates the feasibility of the mission
loading vithin the confines of the computed center-of-gravity renge.




2.0 QONCLUSIOKS

The conclusions to be drawn from Section 1.0 of this report may bte
expressed as follows.

The aircraft balance, both lcngitudinally and vertically, should pre-
sent no loading problems due to the type of carrying procedure that is
anticipated. The disposable items of useful load (i.e., fuel, cargo)
may be centered on or about the centerlime of rotation (Station 240).
This load arrangement will enadle a minimum of balance control to be
required.

The rotor out-of-balance stndies, contained in Section 4.1.2, prove
conclusively that any articiulated system containing a lag hinge will
inetigate high unbalance forces during an engine-out condition. By
virtue of this study, it is shown numerically that the amount of un-
balance is approximately tvelve times higher than that of a universal-
ly mounted rotor; therefore, the latter system vas selected as the most
acceptable for the heavy lift concept.




3.0 WEIGHT STUDIES

Results obtained from the parametric study of the design mission config-
uration for a tip turbine povered helicopter using the Continental 357-1
engines are as follows:

Gross weight T1,680 1b.

Tip speed €50.0 f.p.s.

Rotor radius 55.8 ft.

Blade chord €.5 rt.

Vm 125 m.p.h.
Fuselage length €70 in.

Military rated thrust 1,700 1b. per engine

These basic parameters are used to evaluate the various components that
make up the empty weight configuration with the exception of the rotor
group and certain components of the power plant, instruments, electrical,
and electronics groups. Those components actually calculated are de-
tailed in full and are presented in their respective order in the weight
breakdown. All weights are given in pounds (1b.).

’ol Roter 0&!

This group includes blades, retention, and hub and has been evaluated
from design layouts and component dravings. The weight breakdown of this
group 1is as follows:

Hub and Gimbal Assembly 827 1b.
Gimbal ring 137
Bearings L3
Retainers and seals 35
Hub structure 622
Blade Retention (4 required) 5,714 1b.
Leading edge structure 1,137
Ribs - closure 96
Splice plates 808
Webs 317
Bearings 31k
Bearing supperts 426
Tie bar assemblies 868
Drag link assembly 508
Retention pin assemblies 586
Bearing trunnions €54
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Rotor Elades (4 required) g,847 1b.

2ot 20
Leading edge structure 5,806
Trailing edge structure 2,468
Sealant and bonding Ly
Root webs 66
Splice plates 932
Bearing supports 198
Fittings 185
Rits, clips, gussets, etc. 148

Total. Rotor Group 16‘}98 1b.

The parametric study required a rotor group relationship that was rele-
vant to the specific type of configuration under consideration. The
avallable statistical weight equation for rotor group is ean excellent
"sizing tool" for a given gross weight and radius, but it is not sensi-
tive to changes in chord, aspect ratio, number of blades, or solidity.
In view of the above limitations, it was decided to evolve & reiation-
ship that would correlate closely witk current design efforts &nd wouid
reflect any change in the aforemeantioned parametere.

The derivation of this equation is conteined in the Parametric Design
Study, Volume II, and is used therein for solving for "optimum™ helicop-
ter corfigurations or a given set of conditions. The rotor group rela-
tionship 1s as follows:

Weo = 500+ 1.8b(.058% - .0135¢ + .000958c2)112'39(‘«i,r)°'36
3.2 Pylon Group Weight 1,731 1b.
This group was determired by statistical means.
_ - 1.354
"ap .0034 (WRG)
= 0034 (509,130) = 1,731 1b.
3.3 Tail Group k73 1b.
Tail Rotor. This component was determined ty etatistical means.
5 1.234
Vim . 00022 (wG)

= ,00022 (980,760) = 216 1b,
Btabilizer, This component was determined by statistical means,
. '15 y '—ﬂe,
Wapa = 2032 x 1070 x v P
= (1.032 x 10°%)(2.hgm35 x 10*T) = 257 1,




3.4 Body Group 3,203 1b.

This group was determined by statistical means.

- 594
"Bc .0875 (LF x "6)
= .0875 (36,607) = 3,203 1b.

3.5 Landing Gear Group 2&897 1b.

This group was determined by statistical means.

W = 0158 (wc)l-’-‘f‘*‘

= 0158 (183,340) = 2,897 1b.

3.6 Flight Controls Group 1,434 1b.

This group was determined by statistical means.

- 867
Weo .0885 (wG)
= ,0885 (16,200) = 1,43k 1v.
3.7 Engine Section Group 1,359 1b.

This group was calculated from design layocuts, based on the over-under
engine configuration, and is comprised of the following components:

Engine mounts and fittings 579

Fairings and necelle 520

Paint and hardware 120

Inlet and exhaust 140
3.8 Propulsion Group 5,539 1b.
Thies group wes calculated from design layouts and actual hardware items.

Engines (8-CAE Model 357-1) 2,920

Cooling system 80

Gear boxes and drives 367

APU units 365

Starting system 140

Engine controls 100

Fuel system 1,608

Rotor mast 275

10
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The instrument, electrical, and electronics groups have been evaluated
by design investigation and represent the minimum requirements consistent
with the austerity type of configuration proposed.

3.9 Instrument Group 296 1b.
Tachometer generators (1.) 33
Tachometer iandicators (10) 10
0il pressure gauges (10) 30
Fuel pressure gauges (10) 30
0il temperature gauges {19) 20
Air:peed indicator (2) 2
Altimeters (2) 3
Gyro horizon (2) 32
Gyro compass (2) 35
Rate of clim® indicators (2) 3
Standby compass (1) 1
Clocks (2) 2
Free air temperature indicator (1) 4
Voltmeters (5) 5
| Ammeters (5] 10 |
Fuel quantity gauges (3) 6 |
] Indicator lights and sensors 10
Panels bracket and installation ko
3.10 Electrical Group 370 ib. |
30 KVA generators (2) 140 l
15 KVA generator (1) L2
Constant speed drive 50 J
Voltage control regulator (3) 9
Transformer assembly (€) 12
AC power relays (5) 20 ‘
Transformer rectifier 100A (2) 20
DC power relays (3) 6
External power receptacle (1) z
Slip ring assemblles 50
Battery 25 I
Lights 25 |
Junction toxes 25
Switches, circuit breakers, etc. 60 |
Wires, clamps, connectors, etc. 263
3.11 Electronics Group 275 1b.
UHF redio 32
™ radio 25

I 11




Identification system Lo

ADF 21

TACAN 49

Intercom 10

Radar altimeter 33

Junction box 10

Headsets 5

Wire, clamps, etc. 20
3.12 Furnishings Group 345 1b.
This group was determined by statistical means.

- . 660
L 2145 (wc)

.2145 (1,600) = 345 1b.
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4.0 BALANCE STUDIES

4.1 Rotor Balance Considerations

When selecting & rotor system for a tip-powered helicopter, consideration
must be given to the effects of unsymmetrical thrust due to an engine-out
situation. Should this corndition tend to lag or deflect a blade suffici-
ently to cause undesirable balance characteristies, the rotor system so
affected could not be utilized.

Unbalance occurs when the c.g. of the rotating mass due to the deflected
or lagging blade is not located on the centerline of rotation.

Investigation of the articulated rotor system will show that if one or
two engines are out, a blade will lag ahout the drag hinge to a degree
sufficient to offset the rotor c.g. from the rotor mast, thereby gener-
ating high in-plane loads induced by the eccentric maec.

With the type of rotor system employed on the Model 1108 aircraft, the
unbalanced load that occurs will be due mainly to blade deflection. This
unbalanced load has been computed to be lese than eight percent of the
loads produced in a similar articulated rotor configuration.

b.1.1 Analysis of Unsymmetrical Thrust Conditions on an Articulated
Rotor System

Equilibrium about the drag hinge for a single biade is determined by
equating the hinge moments to zero. igure 1 presents the geometry of
the blade about the lag hinge.

The angle { 1s defined as the lead-lag angle between the blade mass
centroid line passing through the lag hinge and the line passing through
the lag hinge and the axis of rotation. The angle { 1s considered posi-
tive in the lagging position. The angles {, and C2 are the angles be-
tween no-lag position and the line of action of the blade and tip weight
centrifugal forces, respectively. The distances Z, and 22 are the moment
arms from the lag hinge to the respective lines of action of centrifugal
forces.

Computing Z, and Z, in Terms of (:

Assuming that the blade centrifugal force acts at one-half the rotor
radius, the centrifugal force location with respect to the lead-lag axis
may be expressed as R/2 - eR. Then:

(g- - eR) tan ;..g- tan (, ¢~ ¢(1-2e) (for small angles)
Thus: Z, m eR(, m~ eR(1 -2e)¢

13




Also, since
R tan () ~ R(1- e) tan ( ; o~ ¢(1-e) (for smll angles)

Thus : ZznseRcam(eR(l-e)c

The other forces to be considered are blade drag, D, and net engine
thrust less nacelle drag, FN - D,,. Blade drag is assumed to act at
3/4R - eR, and F, - is assumed to act at R - eR. Utilizing these
forces and their radial positions, the expression for blade drag may
be written as:

(Fy - D)(R - eR)
D = — 7R —eR) (2)

The moment equation about the lead-lag hinge may now be written as:

W
D( % R - eR) - (Fy - D)(R)(1-¢) - -ég Ra® [er(1 - e)¢]

W2
-2 2 [eR(1- 2¢)¢] = 0

Solving for the lead-lag angle {, this equation can be rewritten as:

[p@-o - -ppa-o
3T g% 2
eR 2¢2(l- e) +1-2e

B

(3)

The geometry of an unbalanced, four-blade, articulated rotor system
will now be shown. (See Figure 2.)

Ewploying the arms shown in Figure 2, the c.g. of the unbelan~ed rotor
may be determined.

Assume: tan ' = ¢' and tan ( = { ((' = lag angle of blade
with reduced thrust)

The total moment of the system is:

9
W .Xx= Z v, X
RG & Y1
and wm = R(VB* w,r) + wH - th(l + ‘2) + wH

Now, determining the system c.g. location, X, from the center of rota-
tioen:

14




R(l-e)tan {'———=

cl
R( -é-- e Jtan( ' —
R
f=——R/2
R(%- e )tan(
¢

R(l-e)tanf —

Figure 2, Blade Deflection Diagram - Articulated Bystem,
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Lil wixi WT[- R +R(1 - e)c +R + R{1 - e)cv] +

wpl-Zend-eac+Bend- )¢’ | + wy(o)
= R(L-e)¥, (¢'+¢) +R(Z - elWy(¢' +0)

= B¢+ 0 [Wg1- o) +upG - 0]

And, using the expression for total weight, X becomes:

- wa[#a(l'e) +(% - e)j_

x =R(g'+ b

€'+ W (17 g,) +Wy ()

Using Equation (4), the in-plane force due to urnbalance may be calcu-
lated from: -2

ACF = M x Q (5)

4.1.2 HRumerical Analysis of Articulated and Universally Mounted Rotors

To determine the effects of the engine-out condition as affected by
rotor system type, the following analysis is presented for the unbalance
characteristics of the Model 1108 and a similar articulated rotor system
helicopter. The following physical characteristics are appropriate for
the Model 1108:

36159 IEYE2e) 0000000000000000000000000000000000C 592 f.p.s.
RAdiUB . .vvvnnrnrrossssnnnnnns Ceereereceenaes 56 ft.
Thrust/engine .....coevevvvenrcennsrecvessses 1,525 1b,
Nacelle drag ...... e rerereneseseaseeenae 260 1b.

Tip welght ... ciivivntovrrrsecesaessvencsnse 1,200 1b,
Blade velght ..iivvverrerrrserressrersrsasses 2,000 1D,
Bub and retention weight .....e:vveevessevses 8,000 1b,
Rotor £ to lag hinge, ¢ .......cce0vvvvusees.  0.10R (assumed)

Two engines/blade
Four blades

(tip npeed/mdiuu)2 - o s 111.7%

$o (Wi Mrage!
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Four-Bladec Articulated System:

Solving for drag, using Equation (2),

_ (FN - DR)(]- = e)

—G7eT

- {3050 - 260)(.9)
)

g

b
1

3863 1b.

Solving for {, using Equation {3) for a particular rotor system, the
only parameter vhich will vary is Fy. Thus, Equation (3) may be sim-
plified as follows:

2g [D(3/4 - €) - (Fy - D)1 - e)]
WaneR [2¢2(1- e) + 1 - 2e]

c:

_2(32.2) [3863(.75 - 1) - (Fy - 260)(1 - .1)]
¢~ 26000 5138 [20B)1- 1)+ 1 - 20.1)]

¢ = (7512 - 2.463 F )07

Substituting F_ into the above to determine the effects of the engine-
out conditions,

At Fp=30501b., (= O

At Fh = 1525 1b., ¢ = .03756 radians, or 2.15 degrees

At FN =0, { = .0751 radians, or k.30 degrees

The amount of unbalance and the irncrement of centrifugal force are now
calculated.

R(C+ ¢' Wy [#o(1-e)+ (1/2 - )]
W+ 5,0 ¥ Wy

Keeping ({ + (') variable, the equation may be written:

56(¢+ ¢ 12000 [.6(1 < .2) + (.5-.1)]
SR 1) S - AL A

x|

17




For the one-engine-out condition:

X = 5.06(0+ .03756) = .19 £t

H

W

oG Ama(z + ¢2) v W = k{2,000){(1 + .6) + 8,000

= 20,800
o oy B AR 2@,800{.13%111.72 - 13,715 1b.

For the two-engines-out condition:
X = 5.06(0+ .0751) = .38 ft.

20,800(.38)(131.75)

4CF = 552

= 27,431 1b.

Four-Blade,Universally Mounted Rotor System

In the rigid blade, universally mounted rotor system, eccentric unbal-
ance is caused by one or two engines failing, the amount of the deflec-
tion being a function of the chordwise stiffness of the blade.

To illustrate the magnitude of this, Figure 3 shows blade deflection in
inches, plotted against blade station, and indicates the maximum effects
of the following conditions:

1) Full power

2) One engine out

3) Two engines out

These deflections are calculated from EI values established for the
subject helicopter rotor blades.

Figure 4 depicts the rotor geometry that results from the deflections
illustrated in Figure 3.

Balance analysis:

One engine out -

Wi(-R*A*A *R)+ Wp(- g’ Ay tAg? g)' Wy(0)

b 4
¥Rro
1,200(.08 +.08) + =,000(,03 +.02) _ — _
or 4 20,808_—- X .Olh ft-
18
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33-2!‘ !. A=.08'

A = One Engine Jut
B = Two Engines Out

By = .03' —==

Bl = 013'_'**

= , i
A3 02

= ,08'

Figure 4. Blade Deflection Diagram.
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20,800(. 014 }(111.75)

acr = 35.2

= 1,011 1b.

Two engines out -

Wi(-R*B*E *R) + W (- 3 + B, *B, + 5 )+ W.(0)

3 B .3
= X
"Ro
or 1,200( .2k *-13)28 36800(-08 * )1 - .05 1t
b4
- 20,800(;§223(111-75) = 2,310 1b.

4.2 Aircraft Belance

4.,2.1 Aircraft Center-of-Gravity Renge Considerations

Experience at Hiller Aircraft Company has indicated that a helicopter
employling a universally mounted rotor is generally at a disadvantage
when its center-of-gravity travel 1s compared to that of a helicopter
with an articulated rotor system; however, when a helicopter of the size
of the Model 1108 is considered, the linear center-of-gravity travel of
a universally mounted rotor system becomes sufficleatly extensive to en-
compass all loading variations.

In the case of the subject helicopter, it was determined that the mis-
sion paylcad would be centrally located and its effect on horizontal
center of gravity would be small; therefore, a center-of-gravity range
was derived by considering the teetering angle of the rotor which moves
angularly about the teetering axis a total of 20 degrees from a l-degree
forward tilt vertical.

From experience with existing universally mounted rotor systems, 1t 1is
known that of this 20-degree travel between stops, approximately 36
minutes is allowed aft of the teetering axis for aft limit boundary
(controllability margin in rearward flight), and 4943’ 15 allowed
forward of teetering for forward limit boundery (controllebility
margin in forward flight).

Using these two angular limites to establish the maximum permissible

center-of-gravity range allows a linear reldtionship to be established
as follows:

21




£ rotation and
teetering axis

Lowest vertical

1 T e c.g. location
“— a——.i———b—-|

Figure 5. Center-of-Gravity Range.

The distance h is established by determining the vertical center of
gravity at gross welght and measuring its distance from the teetering
axis.

The distance a i1s the maximum allowable distance of center-of-gravity
movement forward of a vertical drawn through the teetering axis.

The distance b is the maximum allowabie distance of center-of-gravity
movement aft of a vertical drawn through the teetering axis.

The distence h was determined to be 11.4 feet,

then a = tan(L.43°-19)(11.4) = .0GM96(11.4) = .74 £t
= 8.9 in.
ard b = tan(1® + 36')(11.4) = .02792(11.4) = .32 ft.
= 3.8 in.

The centerline of rotation has been established as being at station 2C.0
(240.0).

The center-of-gravity limits, therefore, are from (240.0 - 8.9) to
(240.0 + 3.8) = Station 231.1 to Station 243.8.

These limits will remain in effect until either proven or disproven by
actual flight test.
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4L.2.2 Preliminary Alrcraft Balance

24

Iten L) X Wx 2 Wz
Rotor Group 16,398 20.0 327,960 27.5 450,950
Tail Group 473 25,992 6,946

Tail rotor 216 58.0 12,528 15.5 3,348

Stabilizer 257 52.0 13,364 14,0 3,598
Body Group b, o3k 106,688 84 396

Fuselage 3,203 22.5 72,068 15.0 49,045

Pylon 1,731 20.0 34,600 21.0 36,351
Landing Cear Group 2,897 20.0 57,940 6.0 17,382
Flight Controls Group 1,434 19.0 27,246 22.0 31,548
Engine Section Group 1,559 20.0 27,180 22.0 29,898
Power Plant Group 5,539 119,580 ]_28!626

Engines 2,920 20.0 58,400 27.5 80,300

Cooling system 80 20.0 1,600 27.5 2,200

Cear boxes and drives 367 40.0 14,680 16.0 5,872

A.P.U. units 3¢5 2k.0 8,760 1€.0 5,840

Starting system 140 20.0 2,800 27.5 3,850

Engine controls 100 20.0 2,000 20.0 2,000

Fuel system 1,292 20.0 25,840 17.0 21,964

Rotor mast 275 20.0 5,500 24.0 €,600
Instrument Group 296 2.5 _734__0 15.5 4,588
Electrical Group 750 20.0 15,000 15.0 11,250
Electronics Group 2715 2.5 6688 15.0 4125
Furnishings Group 345 5.0 1,720 15.0 5,160
EMPTY WEIGHT 34,700 (20.5) 70,634 (22.3) 774,869

Crew koo 4.5 1,800 15.5 €,200V

0ii 80 20.0 1,600 27.5 2,200

Cargo 24,000 20.0 480,000 15.0 360,000

Fuel 12,92k 20.0 258,480 15.0  193,86€0
GROSS WEIGHT 72,10k (20.1) 1,k52 914 (18.5) 1,337,129
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