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3, HEMORANDUN REPORT

4 PLIGHT DETERMINATION OF THE MOMENTS OF THE Y&-1B

for

Ammy Alir Corps

TAPERED BLADE ROTOR ABOUT THE HWE TRUNNIONS

By F. J. BAILEY, JR.

INTRODUCTION _
At the request of the lateriel Division, Wright Field,

‘the National Advisopy'Committee for Aeranauticsvis'condﬁs%~

ing & program of f£light tests on a Kellett YG-1B auvbtogiro

‘equipped ﬁith e new tyne‘of robor blade. The new blades

a?e tapered in both plan form and thi@kness and are de-~

;signed to avoid periodic blade twisb. one phase of the
| |investigation, involving dobermination of the moments of

%:ha resultant rotor force about the trunnions on which the

hub 1a pivoted for cqntrolg ‘hea ‘been completed. The results

obbained are. report@d herein.

© APPARATUS AND METHODS
The new blades were tested on & standard YG-1B rotor
hub. The lateral and lengitudinel trunnions ebout which
\this hub is yivoted for eontrol intersect in s polint /16

inch to the left and 1«-5/8 inches ehead of the rotor aexls,

~
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and lie in a plane 2-3/4 inches below the plane of the
| flapping hinges.

| Ordinarily the moments of the resultant rotor force
: 1

vector sabout the trunnions are counteracted by the moments
epplisd by the pilot through the control system, plus thé
mﬂmenté appliéd to the hub by the bungee spring. In the

- present tests the bunga@ spring was wedged open until,lyith

' the bungee lever full forwsrd, the bungee cable became slack

" as soon as the stick was moved approximately an inch back

i

from its full forwerd position. All records were taken wiih

|
|

;ithe‘bungee lever full forward and the stick more than an inch
s

| aft of its full forward positlon. Hence the moments con-
| tributed by, the bungee spring were zero In every case.

The lateral and lengitudinal moments spplied to the

?control system by the pllot were recorded simulbtaneously on
) .

féﬁ N, 4o Co Ao stick type control force recbrdefo Malti-
'plication of these woments by tho lateral and longitudinal
imeehaﬁleal advantages of the control system established the

'moments of the rotor vector about the trunnion axes.

- In addition to records of control forece; records of

icbntrol position and air speed were obtained during each

'rgnna »Preséure altitude‘and”rotor speed were noted by thé
pilot. |
glides at indicated elr speeds ranging from Zero to 110 miles

’ Bec0rds‘Were taken in steandy level flight and in steady
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Two flizhts were meds, In the first flight the alr-speed

recorder was connected to the same service head to which the
~ pilot?s meter is'&ttached; in the second it was connected
% a S@iveling.heaﬁ.mounted on & boom exbending to & point
_several feet outbosrd of the service head. Comparison of
recbrded air speed witb raadinga of the pilotts air-spaad‘
meter for the two flights indicated that the aecwracy of
 air speeds recordsd with the service head wes satlsfaetory.

The air-speed recorder installatlon was also chocked

|
-
] to insure that no appreciedle error resulited from rates of
| ,
| change of static pressure comparsble to those enecountered in
i‘ 3
| glides. .

The gross weight cf the autcgiro at teke-off was 1,960

L pomds»

BESULTS AND DISCUSSION
»é Data cbtained durzng each run are tabulated in table I.
Tae 1ateva1 and longitudinal trunnicn moments are pl@tt@d
against cne asnother in flgure 1 for the level=flight condition
and in figure 2 for the gllde condition. Average velues of the
tipaspeed ratie corresponding ta several valuea of longltudineld
trunnion mcment ere indicated on figures 1l and 2. These tip=

speeq ratios were determined fram the falred curves of longl-

e . e

o 'tuﬁinal trunnion moment versus tipwapeed ratio shomn in figure Se
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The actual stiék.force applied by the pilct can be
obbained by dividing the corresponding trunnion moment by
the produet of the stick length, 1.906 feet, and the mechanical
advantage of the control system, 3.86 longitudinglly and 5,287

| laterally, The figures given for the mechanlecal adventages

‘were obbained from simultanecus measurenments of hud and stiek

angles made previously on an sutogiro of the ¥G-1B t&gé.
‘The ﬁagnitude of the accidental errors ié indieated by
the scatter of the experimental points on figures 1 and 2,
In interpreting this scatbter it‘must be remembered that a
lateral trunnion woment of 20 foot-pounds corresponds to a

lateral stick foree of only 2 pounds. Nost of the test

- records skwwed third narmonic variaitlions of stick force having

an anglitude of several pounds, and.maﬂy‘alse showed non=-

- veriodic variations of stick force probably traceaitle to pusts,

S O S

| The pilot cormented particularly om the difficuity of holding

the autogiro‘steady»in_fhe lewegpeed glideg, where the nost

i serieus discrepancies ogeur,

The consistent differences shown between moments in glides

end in level flight on figure 3 are believed to be indicative

of the effect of the propeller sllipstream on the rotor,

b
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Control positions, expressed in terms of the tilt

angles of the hub relatlve to the fusélagé reference axes

©are shown in figures ¢ and 5.

- Langley lemoriasl Aeronsutical Laboratory,

' Hationsl Advisory Committee for Aeronautlcs; .
' Langley Field; Va., lovember 16, 1939. .
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