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THE DESIGN Ai'JD DEVELOFMENT 01. AH AIR-BEARING POR THE MEASUREIJENT 
OF' DA&PING IN YAW ON A JET-BLOWING MODEL 

A. I?. cox 

This Note describes the design and development of an air-bearing support 
assembly, for damped oscillation measurements of yaw damping derivatives on 
V./S.T.O.L. blowing models, commencing with a jet-flap model, The bearing, 
fitted within the fuselage, allowed freedom in yaw, but supported all the 
other forces and moments, Typically, with a bearing air supply of 0.07 lb/set 
at 60 p.s.i.g., a vertical load of I,00 lb could be sustained, or a pitching- 
moment of 650 lb in. with the vertical load reduced to 150 lb. Fhm measure- 
ments of the overall rig damping rate, the internal damping of the bearing was 
determined by allowing for the contributions from spring hysteresis loss and 
external aerodynamic loads. The internal damping of the bearing, which was 
unaffected by the transmission of the s-imulatcd wing airflow (amounting to 
2 lb/set at 15 p.s,i,g.), was found to be negligible as long as the bearing 
capacity was not exceeded. 
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1 INTRODUCTION 

Although a considerable amount of wind-tunnel model testing has now been 
completed for S.T.O.L. and V.T.O.L. aircraft employing jet-blowing devices to 

' obtain high lift, this has not included much work on the measurement of dynsmio 
stability derivatives, A programnc of model tests has started at R.A.E. to 
ascertain the adequacy of conventional quasi-static methods of prediction fa 
such configurations, The first experiments, on an existing jet-flap model, 
concerned the measurement of the yaw-damping derivative, No Q' 

by a free- 
2 

oscillation technique, 

_; An air connection and model support system was required whioh permitted 
the model to yaw freely over an angular range of 26’ without affecting, or 
being affected by, the air supply to the jet-flap wings. \ This Note describes 
the design and development of a suitable internal air-bearing support 
arrangement, including some measurements of the bearing friction and its load 
and moment capacity. The various problems which arose during development in 
1960 have been considered in some detail, to indicate those features which 
would require attention in any future design, A separate report will be issued 
on the aerodynamic measurements made on the particular jet-flap model mentioned 
above. 

2 DESIGN OF BEARING ASSEXBLY 
. 

The initial decision to USC an internal bearing support arrangement 
: (enclosed within the confines of the jet-flap model fuselage) rather than an 

external bearing, was influenced by various considerations. 'J!he additional 
defiection problem of an external bearing arrangement would probably have 

ri introduced design oamplications. Further, the larger drag and sideforce 
moments would have involved increases inbearing area and friction, Moreover, 
since it was likely that internal bearing arrangements would prove necessary 
for possible future rigs with several degrees of freedom, it was desirable to 
investigate the associated air distribution problems, Finally, the relatively 
large fuselage allowed a plausible internal arrangement to be envisaged. 

2.1 Specification 

As the jet-flap model had already been the subject of extensive balance 
measurementsI, it was possible to evaluate the maximum nett loads that the 
bearing assembly would have to withstand, A vertical load capacity of 2150 lb 
was necessary to support the possible combination s of aerodynamic lift and'model 
weight. Further, assuming that the horizontal forces and moments were to be 
taken completely by two bearings, some 7,5 in, apart vertically, as determined 
by the fuselage size, each of these bearings might be subjected to a maximum 
load of about 100 lb, The maximum quantity of air that tho bearing assembly had 

s to transmit to the wings was about 2 lb/set, at an exit pressure ratio of 2:l. 
The model had to be able to yaw through at least 26’ without throttling the flow 
of the jet-blowing air or altering its distribution botween the wings. Lastly, 

L provision had to be made for measuring the angle of rotation by means'of a 
suitable transducer to obtain a continuous record of model oscillations, . 



2,2 Detailed design 

A sectional drawing of the bearing, as originally designed, is shown in 
Fig. 1. The bearing consisted essentially of two plane horizontal and two 
quasi-cylindrical vertical air-bearing surfaces. All the bearing faces were 
made as large as available space would allow, and the vertical bearings were 
placed as far apart as possible to minimise the loads on these bearings 
arising from the moments applied to the model. As each of these vertical 
surfaces was required to carry a maximum load of 100 lb,-the small upper 
bearing clearly had to support a much higher maximum load per unit area than 
the lower one. Tests of an experimental device, consisting of two bearings on 
a shaft, showed that the upper vertical bearing would have at most a maximum 
load-carrying capacity of 50 lb at 60 p,s.i.g, However, an estimate'S or' the 
load-carrying capacity of the horizontal bearing faces showed that they should 
be capable of supporting a maximum vertical load of 2580 lb at 60 p.s.i.g., 
compared with the required range of only ?I50 lb. It was therefore hoped that 
this excess capacity might assist in supporting pitching ard rolling moments; 
subsequent tests (see para.3.3) confirmed that the necessary contribution from 
the horizontal bearing faces to the moment-carrying capacity was, in fact, 
obtained, 

The quantity of air which could be supplied to the bearings was severely 
limited by the small space available for connecting supply pipes, so each of 
the lower bearing faces was restricted to a single row of nozzles. In the case 
of the horizontal faces, the nozzles were placed as near the outer edge as 
possible to give the bearing greater stiffness for withstanding moments. To 
ensure adequate air distribution at small clearances, the nozzles were connec- 
ted to l/16 in. wide V-grooves in the bearing faces, Each nozzle discharged 
into a separate section of the groove, -which was subdivided (using an epoxy 
resin filling) to enable the bearing to sustain asymmetrical loads. Every 
air-bearing gap had to be adjustable with the bearing assembled, so the quasi- 
cylindrical bearings were slightly tapered. Initially, all gaps were set at 
0,003 in, 

Duralumin was used in the construction of the bearing, to simplify 
initial manufacture and subsequent modification, However, the duralumin 
bearing surfaces proved prone to damage, especially if any relative movement of 
opposing faces occurred in the absence of the air supply to the bearing, 

2.3 Instrumentation ‘ 

An air-spaced, twin-ganged variable capacitor, giving a linear change of 
oapacitance with angle of rotation of 1 p?L? for Go, was incorporated in the top 

.of the bearing assembly, The moving vanes were fixed to an insulated spindle 
which, in the original design was connected to the outer casing of the bearing 
assembly by means of a phosphor-bronze strip, This strip prevented sideways 
motion and imposed a small downward load on an air-bearing at the lower erxd of 

"The empirical method of estimation, which was based on the results of earlier 
tests, erabled a general comparison to be made readily between different 
bearing configurations, .4. 25'5 drop in pressure through the nozzles was 
assumed, with a linear variation of static pressure in the bearing from the 
nozzles to the edge of the bearing, The resulting pressure distribution in 
the bearing face was integrated to give the load-carrying capaoity. 
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the spindle which ensured a smooth motion with complete freedom from stLcking. 
The fixed sets of plates of the twin-ganged capacitor nere connected by~co+.xijl 
cable to the measuring equipment, from which the voltage output, directly 
proportional to capacitance and hence linearly dependent on the angle of rota- 
tion, was fed into a trace recorder.- 

2.4 Modifications 

During preliminary laboratory tests, several modifications0 were found to 
t be necessary (see Fig.2); Eg.3 shows the bearing assembly prior to its 

installation in the model. - I 

i The bearing, as originally made, floated freely with the central *jet- 
blowing duct at atmospherio pressure. However, pressurisation of this duct 
caused air to leak asymmetrically down the 0.003 in. gap between the central 
portions of the inner and outer casings, forming an unstable air-bearing 
arrangement. Consequently, the outer casing was forced sideways, and the air- 
bearing assembly jammed. To cure this trouble, grooves were cut around the 
oircumferenoe of the outer casing at intervals, thus avoiding pressure variation 
around the circumference. Below the lowest groove, whidh was vented to ' I 
atmosphere, the 0.003 in. gap was enlarged to 0.030 in. 

Considerable difficulty was cxperienccd in measuring gap va'riations with 
the bearing under load, Two dial gauges reading to 0.0001 in. 'nere'mounted as 
shown in Fig.4. Gauges A and B indicated variations in the lower and upper 

7 gaps respoctivoly of the horizontal bearings, Xeadings obtained during early 
tests showod poor repeatability and were difficult to interpret. It was found 
that the gaps set during assembly could be completely altered by differential 

t movements in the two screw threads of the lower bearing when the bearing was 
pressurised. In order to improve the repeatability by prcloading the threads, ' 
the lid of the pressure box was forced upwards by a ring of steel balls bedded 
on an annulus of P.V.C., and eight clamping plates were added bchveen-the two 
main components of the outer casing. (See Fig.2.) Before -this fault was fully 
appreciated, it kas believed erroneously that the bearing was floating with 
unequal top and bottom gaps. To try to rectify this, the size of the nozzles 
in the upper horizontal bearing was increased to 3/64 in. n However, this change 
had little apparent offectton bearing pcrformanco; &., . 

One further deficiency only appeared after considerable use in the wind 
tunnel, Under conditions of model buffeting, spurious vibrations were indicated 
by the capacitance measuring equipment. By this time, the bearing had already 
been stripped down, lapped and reassembled several times following minor damage 
to the bearing faces and, consequently, the stiffness in pitch and roll was 
somewhat reduced, Because the lower end of the capacitor spindle was located 
in the fixed side of the assembly whilst the upper end was connected to the 

c moving side, the spindle tilted when the model vibrated, resulting in capaci- 
tance fluctuations, To remedy this behaviour, 
of the spindle, 

a ball race pras added at the top 
so'that both ends of the spindle were now supported by the 

3 fixed part of the bearing. Also, tne rotation of the moving part was trans- 
ferrcd'to the capacitor by a wire link, insensitivo to pitch and roll, This 
modification, although successful, required careful vertical adjustment of the 
ball race to avoid overloading the small air-bearing supporting the spindle. 
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3 r  STATIC LOADIRG TESTS , a 

3. I Procedure . 

After modification, as described in Section 2.4, the bearing asscmbly,waS 
subjected to loading tests, Dial gauges were attaohcd, as shown in Fig.4, and 
a loading frame was fixed to the outer casing to permit simulation of lift and 
pitching-moment, Positive lifts were represented by inverting the bearing 
assembly, The value of air pressure just sufficient to float the loaded 
assembly could be easily determined by the freedom in yaw*. However, the need 
to avoid any constraint in yaw made the simulation of drag difficult, and so 
tho combined effect of lift, drag and pitching-moment was not determined 
direoltly. Instead, the performance of the bearing assembly was evaluated in 
terms of the lift and pitchin, a-moment combination equivalent to the worst 
combination of lift, drag and pitching-moment expected in practice. 

3.2 Lift capacity 

The variation of minimum floating pressure with positive lift load is 
shown in Fig.5, together with the corresponding empirical estimate (see 
footnote to Page 5). The rasult for negative lift, which are not presented. 
in this Note, were invariably similar to those for positive lift. Variation 
of the total (top + bottom) gap had little effect on the lift capacity at a 
given.air pressure. 'Jith the smallest total gap (0.0035 in.), the variations 
of bottom gap and total gap with load and pressures are shown in Fig.7; the 
variations in total gap arose from the remaining flexibility of the bearing 
structure (see para,2,&). 

3.3 Pitching-moment and drag capacity 

As the required horizontal force and moment capacity exceeded that of the 
two quasi-cylindrical bearings alone (see Section 2.2), it was necessary to 
obtain some contribution from the horizontal bearings, The minimum floating 
pressure was therefore determined for various combinations of lift and pitching- 
moment by eccentric loading, with the total (top -c bottom) 
reduced from 0.006 in. to 0.005 in. and then to 0.0035 in, 7 

ap progressively 
Fig.6). With the 

latter gap, there was a substantial incrcasc in the moment capacity, indicating 
a contribution by the horizontal bearings. With this gap setting, which was 
used throughout the subsequent testing, it was possible to support the maximum 
required loading (150 lb lift, 650 lb in. moment) at a bearing air pressure of 
60 p.s.i.g. 

3.4 Air consumption 

The mass flow rate of air suppliod to the bearing surfaces was measured 
and found to be 0.07 lb por set at 60 p.s.i.g., with the bearing in its final 
form, 

*It had originally been hoped to use the electrical resistance across the 
bearing gaps as a measure of bearing overload, This did not prove feasible 
during development testing, because electrical contact inexplicably existed 
across the bearing, although it was floating quite freely, However, the 
short circuit disappeared during the subsequent mind tunnel tests, allowing 
the adoption of the electrical technique. 



4 MEASIIRE~T OF OSCILLATORY DAMPING DUE TO REARING 

The variation of bearing friction near the limit of load-carrying . 
capacity was first dotcrmined (para.4.2). Below this limit, the intcrnal 
damping of the bearing was then assessed Prom moasurcmcnts of overall dqping, 
with due allowance for the contributions from the spring hysteresis and the 
aerodynamic loads on tho moving assembly (para.4.3). Some final tests 
concerned-the changes in damping resulting from pressurisation of the central 
air duct and transmission of jet-blowing air at representative flow rates 

z (pan 4.4). 

The magnitude of the measured rig damping rates was, in fact, very low, 
? The maximum dsmping in the rig, attributable mainly to spring hysteresis, 

amounted to some 3x4 of the mean value expected in the wind-tunnel tests. Under 
conditions of minimum rig damping, as much as 12 @nutes was needed for the 
amplitude of oscillation to decay from +- $, to t $o/e, where e rcprcsents the 
usual cxponontial factor, _ . 

4.1 Tkohniquc' of measurement 

The loading frame was replaced by a structure (see Fig.8) which consisted 
of a discharge pipe for the air rcprescnting the flow to the wings of the model, 
together with a horizontal bar carrying vcights to vary the load and moment of 
inertia of the system. The two pipes connected to the outlet ports on the air- 
bearing assembly were joined at a point above an3 on the axis of the bearing so 
that tho air could be discharged vertically upwards along the axis, thus avoid- c ing the generation of torquos and moments. The member carrying the weights was 
stiffened by a length of 2 in, x 1 in. duralumin rectangular bar, The whole of 
the stationary side of the system was*also rradc as rigid as possible-, since even 
slight flexibility had a marked effect at the low damping rates being measured. 

The coil springs regulating the oscillatory motion were conncctcd to the 
weight bar at various distances apart, Eormally the amplitude of oscillation 
was measured visually by means of a pointer attached to the,end of the bar moving 
over a scale, At higher damping rates; the recording equipment was employ& 

The value of the dsmping derivative, Pti was determined by the free osoilla- 
tion technique, with observations of the period of oscillation and the decay of 
amplitude with time from an initial value, $,. Usually, a value of 6O was 

chosen for io, but a rcduocd valuo of 3’ was sometimes used due to.limitations 
of spring extension. 

4.2 Bearing: friction at maximum load 

As it was not known whether bearing friction increased gradually or 
d suddenly when the maximum capacity was approached, this was investigated by 

applying a "negative lift': load and reducing the .air ,supply pressure to-the 
bearing by small increments. At each stage a damping curve was recorded and the 

* equivalent bearing static friction calculated from,thc expression, 

762 dJ 
6!=-TXdt , (see Appendix I), where C represents the yawing moment of '* 

. * 
inertia, and T the period of oscillation, 
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Vith a oonstant value for Q over the amplitude range, d;t-'/dt also would 
be constant and &ping would occur at a uniform rate. This happened in 
practice once the bearing friction was appreciable and the associated damping + 
aurves (Fig.9)' were thus characteristically different from cxponcntial danqqing 
curves obtained with the freely-floating bearing. Because there was a con- 
siderable risk of damaging the bearing faces, this test w&s not extended to 
overload by a combined lift and pitching-moment. From the results plotted in 
Fig.10, it will be seen that for all practical purposes, with lift loading 
O&Y", the bearing was either "solid" or completely free. 

4.3 Bearing in-term1 damping - without main air flow 

The internal wing of tho bearing in the freely-floating COnditiOn was 
determined from measurements of the damping rate with the free oscillation 
technique, Using standard methods (see Appendix I), the overall damping 
coefficient, P 

$' 
was calculated from measurements on different spring and 

inertia combinations, not -exceeding the bearing capacity. In order to deduce 
the internal friction of the bearing, Nib, from the measured overall damping 

coefficient, allowance had to be made for the spring hysteresis damping, N' $S' 
as well as the aerodynamic damping, N' 

lfc' 
due to the external shape of the rig. 

In order to measure the scrodynamic damping due to the external'shape of 
the rig, a lightweight replica of the moving components was mounted inverted 
on the top of the outlet nozzle. The increase in damping caused by this 
addition, which represented the external damping of the basic rig, amounted to 
only about 0.005 lb ft/radian/seo. kbreovcr, there was no significant varia- 
tion with the position of the dummy weights. To assess the damping contribu- 
tion due to spring hysteresis, NV J1s, it was assumed that the springs only 
released a proportion, $, of their stored eneru in each half cycle. The 
damping jf the ensuing motion would be exponential (see Appendix I), with 
NiS 

a T& for a given pair of springs. As the variation of N* with weight 
$e 

position was negligible, the contribution of spring hysteresis was directly 
obtained by variation of the moment of inertia with the springs at a fixed 
spring spacing (see Fig.??). The expected linear variation of W with Te:! 

JI 
was obtained. However the value of a(N+)/8(Td2) increased when the springs 
were closely spaced, which could have resulted from variations in the overall 
system s 2 iffness. At each spring spacing, however, the extrapolated value of 
N* as 

JI 
T4 -+ 0 amounted to about -0.005 lb ft/rad. sec. Since this was fully 

accounted for by the measured external damping, N* $e' it was therefore 
concluded that the internal damping of the bearing, N* 

'lb 
was negligible, 

*In prqctice, the wind-tunnel tests sometimes showed a more gradual increase 
in friction as the limiting capacity was approached. Particularly with a 
large moment load, the presence of static friction could not always be 
readily detected from the appearance of the damping curves. The measurement 
of a virtually infinite electrical resistance WQS found to bo a more 
reliable indication that a metallic air-bearing was floating completely 
freely. 

C  



4.4 Effect of pressure ard flow of jet-blowing air 

By sealing off the outlet nozzle, it was possible to pressurise the 
, central air duct in the bearing assembly. TlTith this pressure set at 15 p.s.i,g,, 

the damping rate was measured, The outlet was unscaled and the experiment was 
repeated with 2 lb/set of air passing through the bearing at the same pressure. 
It was found that there was no measurable cffcct on damping in tither case. 
Moreover, the static pressure in one limb of the exit pipe stayed at a steady 
v3lue, showing that oscillation did not alter the flow distribution between 

F the two bearing outlets. 

5 FUTURE DEVELOI?Ji3?JTS 
. 

While the yaw bearing proved reasonably satisfactory, its USC was limited 
to the measurement of one derivative on a particular model, and its moment- 
carrying capacity was only just sufficient to cope with experimental require- 
ments. For a more versatile bearing, it would be advantageous to avoid support- 
ing moments within the confines of the model. For instance, some form of 
spherical bearing might well bo used, giving freedom about any desired axis, 
although the problem of how to apply the required constraints would have to 
be solved, 

The use of duralumin, although convenient, proved rather unsatisfactory 
because the bearing was so easily damaged by contact between opposing surfaces. 
As an alternative to metallic machined bearings, it would be worth investigating 
newer constructional methods such as the USC of elcctro-deposition or epoxy- 'T resins particularly in view of the possibility of forming one surface on 
anotner. 

a 
0 

an 

C 

L 
. 

M 

initi,il amplitude of spring 

amplitude of spring after (n) cycles 

total yawing moment of inertia of rig (slugs ft') 

total spring stiffness (lb ft/radian) 

stiffness of one,spring (lb/in.) _ 

moment arm of each spring (ft) 

lift applied to bearing (lb) 

pitching-moment applied to bearing (lb/in.) 
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SmOLS (Cont'dl 
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9 
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$0 

if 

No. 
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2 
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yawing-moment (lb ft) 

internal bearing damping contribution to N* 
4f 

external rig damping contribution to N' 
tf 

spring hysteresis damping contribution to N 
J, 

bearing-air supply pressure (p.s,i,g,) 

sliding friction of bearing (lb ft) 

time for amplitude to decrease from ;i;, to 3; 

time for amplitude to decrease frcm To to Jo/e 

period of oscillation 

ratio of energy released by spring after one half cycle 

angle of yaw (generally the amplitude of oscillation) 

initial amplitude of oscillation 

amplitude of oscillation after (t) sets. 

Author Title, etc. 

Butler, S.F.J. Six-component low-speed tunnel tests of jet-flap complete 
Guyett, KB. models with variation of aspect-ratio, dihedral, and 
May, B.A. sweepback, including the influence of ground proximity. 

R.&E. Report No, Aero 2652, A.R.C.23432, Junc9 1961, 

Lessing, KC. A system for measuring the dynamic lateral stability 
Fryer, T.B. derivatives in high-speed wind tunnels, 
Mead, M. H. N.A.C.A. T.N.3348, 'A.R.C. 24578, Dbbember, 1954, 
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(a) Basic equations 

Providing the load-carrying capacity of the bearing is not exceeded, so 
that it is floating freely, the normal type of oscillatory motior ensues Mith 
exponential decay of peak ,vrlplitude from the initial amplitude, $,. Thus 

2 
.  .  

dt> o 
= $ e 

(Ni. t , /2C > 

cos(Zxt/T) * 

with the peak amplitude envelope defined by 

(I’$. t/X) - 
w i foe (2) 

If tA is the time for the peak amplitudeW of oscillation to decay from 
Go to jo/euthen, by (2), 

.(It can also be shown that 
sensitive to small changes 

N* = 
9 

’ -(2C/td) (3) 
I 

t, is also the decay time at which v is most. 
in N u $1 

The time period of oscillation is given by 

T = 2n m 

where, C is the moment of inertia 

and k . is the spring moment stiffness 

For a given pair of springs, each&at a distance 4 
of rotation, and each having stiffness K (lb/in.), 

then k = 24 K e2 (lb U/radian) 

s and hence, c = k T2/ix2 = 0.6075 K T2 C2 

1 . (b) S&ing hystkrosis’danlpinq 

(ft) from the centre 

e 

(5) 
. 

slugs ft2 (6) . 
'* , 

there is a variation During each half-cycle of t'ne oscillatory motion, 
in the spring energy proportional to the square of the amplitude, a , If a 

0 

(4) 

constant fraction (? - $) of this energy is dissipated in each half-cycle, the . 
energy is reduced by a factor $, with a corresponding reduction of . 

in the am$litude of the motion. 
- Is- 



Appendix 1 

After n cycles, 

but 

so that 

a = n a0 d" 

t = nT 

a = n 
aO $WQ 

= 
a e(t/w%e d 

0 

(7) 

03) 

(9) 

Comparing (2) with (9), we can define an equivalent spring hysteresis 
damping coefficient, N$s, where 

(N@= = t. log,(#)/T 

i. e, Nb3 = @C/The($) (10) 

so that from (6) N$s = 1.215 ?I T C2 log,(#) (y) 

Thus, with a given pair of springs, N $s a: TC 2 and N$s 4 0 as T + O+ 

(c) Bearing static friction in overloaded condition 

Consider a more general osoillatory motion, 

JI = if(t) cos(27~/T) (12) 

where $(t) again defines the peak amplitude envelope. 
each cycle when $(t) = f(t), 

At the completion of 
all the energy is contained by the springs, and 

this energy is of the form 

E = constant + k J2/2 (13) 

Thus, in a particular cycle, the decrease in energy is given by 

SE c k $ S$ 04) 

but S;r; fi (dF/dt).T (15) 

and using (6) 6E ti - (4n2 C/T).i$(t). (d$/dt) 06) 

Let Q be the frictiona?, torque, assumed constant. During each cycle, the 
total angular movement is 4.$(t) and the energy dissipation is therefore equal 
to 4% J;(t). By comparison with (16), it follows that 

*In practice, $ is amplitude dependent2, so that N' 
+s 

is generally of the 
form, N' 

*s 
= T(a + b$). However, in the present case, damping due to spring 

hysteresis was sufficiently close to logarithmic for this effect to be ignored, 
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Appendix I 

4.Q.W) = - b2 C/T),f(t). (df’h) 
i.e. Q = - (x2 C/T>. @i?dt> 

.Yith the constant value for Q, this implies linear, rather than 
exponential, damping of the oscillatory motion. 

. 

F 
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FIG.8. ARRANGEMENT FOR THE MEASUREMENT OF 
INTERNAL OSCILLATORY DAMPING 

LINEAR DAMPING DUE TO 
CONSTANT SLIDING FRICTION. 
/ 

FIG.9. TYPICAL TRACE OF OSCILLATORY DAMPING 
WITH THE BEARING OVERLOADED 
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The internal damping or the bearing, which was UWrrected by the tmU3- 1 
mission or the simulated wing aMlow (amounting to 2 lb/set at 15 p.s.i.g.), j 
was round to be negligible as long as the bearing capacl ty ~18 not exceeded. 

The internal damping or the bearing, which ms unarrected by the trans- The Internal damping Or the bearing, which WLS unarrected by the trans- 
mission or the simulated wing airflow &mounting to 2 lb/&c at 15 p.s.i.g), mission of the simulated wing airflow (amounting to 2 lb/set at 15 pg.1.g. ) , 
rsas round to be negligible as long as the bearing capacity was not exceeded. ms found to be negligible as long as the bearing capacity was not exceeded. 
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