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SOME TOFBIONAL-DAMF'ING OF IAMBWED BEAMS 

Atwood R. Heath, Jr. 

SUMMARY 

'I!he structural  w i n g ,  obtained  experimentally, i n  the torsion 
mode of vibration of a series of untwisted, laminated, thin beams 
s-ting propeller blades is presented In this report. The nunfber 
of laminations were varied, as wel l  as the bonding material and the 
method of joinlfnP the laminations. 

Application of these damping data t o  the calculation of the mini- 
mum f lu t t e r  speed of thin laminated propeller blades indicates s m a l l  
increases Fn the minimum f lu t t e r  speed f o r  models w t t h  no bonding mate- 
r i a l .  The use of Cycleweld  cement as a bond between le~nhat ions 
increased the damping t o  the extent that appreciable gains in minirmzm 
f lu t t e r  speed are hdicated. 

INTRODUCTION 

The use of thin  supersonic  propeller blades has brought  about a 
reduction of the stal l - f lut ter   veloci ty  of propellers  to  the  point where 
 tall f lu t t e r  may be experienced in the take-off range of operating con- 
ditions. One promising method for  al leviating this condition  without 
changing the primary aerodynamic characteristics is the me of propeller 
blades w i t h  large values of torsional  structural  w i n g .  Previous 
research  (ref. 1) has shown that the damping of built-up structures  in 
the bending mode can be increased by the use of inserts of various mate- 
rials between components. In the investigation  reported  herein, & series 
of models simulating the dhensions of thfn propeller  blades have been 
tested t o  determine the effect of the nwiber of l&mhations and the 
bonding materials on the  structural w i n g  i n  the torsion mode. This 
work is  presented as one direction of research which may ultimately help 
i n  providing  torsional damping in propeller blade8 and does not neces- 

3 sarily represent a practical  solution t o  the problem. 
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SYMBOLS 

MACA RM 

b blade  semichord,  ft 

& structural damping coefficient for torsional  mode 

GJ torsional  stiffness,  Ib-ft 2 

i f  

c 

L blade  length,  ft 

n nmiber of cycles 

V velocity,  ft/sec 

U t i p  angular deflection,  radians 

% first natural torsional  frequency,  radianslsec 

Apparatus. - The  equipment  used  in  these  tests is s h m  with a model 
in place in figure 1. The model was clamped  tightly  in  the  claqping 
device  attached to the  upper  head,  which was in turn securely  bolted to 
one  of thi wide-flange  beams of the building  structure. A vane m s  
c-d to the  unrestrained  lower  end  of  the  model  in a plane  perpen- 
dicular to that of the  model  surface.  The  vane was designed  to  facili- 
tate  the  holding of the  model in a twisted position until  ready  for 
release  and also to offer the minimum amount of surface  in the direction 
of motion. The vane also made possible a release  in  which only 8 small 
amount of bending m s  introduced  into the torsional  vibration. An adjust- 
able  lever system connected -t;o a solenoid  fastened to the lower  head. 
The hooks of the lever  system  engaged  the  vane  in  the  twisted  position 
and were held by the  energized  solenoid,  until the release  was  made. 
The components of the  optical  and  recording  system (fig. 2) were a fie- 
filament  light  source, a 12-inch  focal-length  lens, 8 front-eurfsce 
mirror, and a film  recorder w i t h  timing  light.  The  light-source  fila- 
ment was reflected  from the mirror on the model as a vertical Fmage 
which  together w t t h  the narrow  horizontal  slot of the  recorder  produced 
a spot on the  film. 

.1 

- 

Models.- The models-  tested  were  rectangular  in  cross  section and 
had a 3-inch chord  and 0.0417 thickness  ratio  regardless of n-er of 
laminations. A l l  of the  models had a length of 17 inches w i t h  the 
exception  of  one  which  had a length  of 18 inches. All the  models had 
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.- a c-d length of 2 inches. The models differed  in nuniber of lamina- 
tions and bonding material and w e r e  made of ground t oo l   s t ee l  of the f o l -  
lowing percent composition: carbon, 0.85 - 0.95; silicon, 0.20 - 0.35; 

properties of the m o d e l s ;  figure 3 shows the model cross  sections; and a 
detailed  explanstion of their construction is as follows: 

- manganese, 1.30 - 1.50; and molybdenum, 0.20 - 0.30. Table I Usts some 

(1) Wdel I was composed of so l id  steel. 

(2 1 Modei I1 was composed of two laminations  fastened  together i n  
roughly the same manner as brazed hollow-steel  propeller blades. O n  one 
face of each  lamination, a bevel was ground on the leading and t ra i l ing  
edges. The two plates were then joined and silver-soldered  together and 
the  mdel was  then ground back t o  i ts  original chord dimension. 

(3 ) M e 1  I11 was composed of four laminations, and i ts  construction 
was the sam= &E that of model 11. 

(4) Model IV was composed of four laminations; each lamination was 
attached t o  an adjacent one by a thin fi lm of s o f t  solder a c r o s s  the 
entire surf ace 

(5) W e 1  V w m  composed of two laminations bonded together w i t h  
Cycleweld  cement, a thermosetting,  rubber-plastic-base  adhesive, by the 
CB-4 process. Four force-fi t  dowels were used t o  Une up the sheets 
and were located two at the 8.33-percent-chord station and tno st the 

P 91.67-percent-chord station. 

( 6 )  Mdel VI was constructed sfmilar to model V w i t h  the exception 
that the dowels were omitted. The leading edge of the model was silver- 
soldered in the same m e r  as were models 11 and XI. 

(7) Mxlel VI-A was constructed the stme a s  model VI, the only dif- 
ference  being the length, which wss 18 inches. 

(8) %del VI1 was similar t o  model V I  but had both leaafng and 
t ra i l ing  edges eilver-soldered. 

Tests.- All d e l s  were twisted to 0.174 radian and released with 
the  resulting  torsional  vibration  being  recorded on film. This w a s  
repeated until a t  . l e a s t  two essentially pure torsion records,  sharing 
only mll amounts of bending vibration, were obtained f o r  each model. 
Figure 4 shows a typical  record of the torsional  vibration. During the 
investigation,  several itam required  additional checking. It a s  
necessary t o  tes t   the   r ig id i ty  of t h e   c l m i n g  device.  Steel wedges 
were therefore  driven between the clamping device and the mounting beam, 
and vibration  records were obtained w i t h  model I and compared w i t h  pre- 
vious  records  for the wedged clarnping device.  $hen model V w-as being 
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tested,  it W&B discovered  that  the  second  bending  mode  was  interacting 
with the first  torsional mode, so weights were added to the  extremities 
of the  vane  to  separate  the  frequencies  of  these two modes. Model I 
m a  also tested in this  latter  configuration and compared with previous 
tests using no weights on the  vane  to  determine any changes  in  damping 
caused by using the  weighted vane. It was  found  impossfble  by  practical 
means to separate the first  torsion and second  bending  frequencies of 
model VI sufficiently  to  give a good  record;  therefore, a model of 
longer length, model VI-A, WRS tested. 

Reduction of data.- The torsional  structural  damping  coefficients 
were  evaluated  by means of  the  following  equation  which hag been  devel- 
oped  in  reference 2, and  in  which the log decrement 6 is eqml to x&: 

’&e damping-coefficient  curves  were  determined  from  at  least two 
different  tests with a maxfrmun relative  error  involved  of  about s per- 
cent and with a general  relative  error  of  about fl percent. As the 
damping  coefficients  were  evaluated by determining  the  slope of the 
envelope of the  decaying  vibration, much of the  error  involved  cas  be 
attributed  to  the  fairing of the  envelope  curves as well as the  graph- 
ic& method  used for determining  the slope of this curve.  The  abeolute 
value of the damping mqy a l s o  be  in  error  by some indeterminate  amowit 
due to the  interaction  of the model  and  the  vane.  Since  models I to IV 
were  tested  under  the same conditions, any error involved  should  be  the 
same for  each one. With weights on  the  vane  for  model I, the curve of 
damping  coefficient was displaced  upnard  about 0.0010 from the  original. 
Since  model V was  tested  with  the  weighted  vane,  it  is  seen  that  the 
increase in damping  coefficient of 0.0010 would amount  to 1.5 percent, 
which is w e l l  within  the  accuracy of determination of this  curve. 
Results  of the tests  with tple wedged  clamping  device for model I showed 
a curve  that  varied only slightly from that of the wedged model  and 
w t t h  no noticeable  difference  in  trend. As the data from tests on 
model VI-A were  repeatable and the  damping-coefficient  curve f e l l  
approximately in the  center of a’  group of curves  obtained from model VI, 
the information from model VI-A is therefore  comparable to the mode l s  of 
shorter  length. 

m m s  AND DISCUSSION 

The data f r o m  these  tests  are shown in figures 5 and 6 where tor- 
sional  structural w i n g  coefficient  is  ,plotted for variation in tip 
angular  deflection. The w i n g  curve for model I agrees  at  the  lower 
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tip  angular  deflections  with data obtained  on a bar of SAE 4130 steel 
reported in reference 3 but has a slightly  lower  slope  which  results 
in a discrepancy  in  AAmping  coefficient  of 0.001 at the  highest  tip 
.mqg&u deflections  shown.  Because of the  close  agreement of the data, 
'and because  the  reference  data  were  obtained on a cylindrical  bar  for 
which  the  air  damping  should  be  negligible, no correction f o r  air  damping 
is  considered  to  be  necessary  for the model  configuration  reported  herein. 

The structural  damping  discussed  in  this  report  is  presented  in 
coefficient form as an equivalent  viscous m i n g  and is  assumed to be 
primarily  composed of two types of damping, the  first  being  the  internal 
or hysteresis  damping of the steel  and  the  bonding  materials, and the 
second,  dry-friction  damping  which  is  associated with the  movement 
between  laminattons in models  with no bonding  material. An Inspection 
of the curves in  figures 5 and 6 would lead to the following inferences 
in  regard to the types of damping  present  for  each  model. 9hen dry- 
friction  damping  is  expressed  as  equivalent viscous damping,  as  in  this 
report,  it  varies  inversely as the mrplitude of vibration  when  the  fre- 
quency  remains  constant.  Therefore,  as  the  average s h p e s  of the  curves 
for models Il and I11 are  lower than that for model I, It appears  that 
dry-friction  damping, as well as internal  damping,  is  present  in  these 
two models. The decrease  in  slope of the damping  curves for models 11 
and III from  that  of  model I is about half of  that  which would be ' 
expected from calculations  in which the  difference  between the curves 
of models 11 and I and  between  those of models I11 and I is assumed to 
be  dry-friction  damping. kdel I11 has more  sliding  surfaces  than 
model 11; hence,  higher  dsnrping values may be  expected as Shawn.  %e 
curve  for  model IV, which has a much  higher  slope,  acts  like a homoge- 
new beam of higher  internal-damping capaciw than mdel I, caused no 
doubt by the  soft  solder  between  surfaces. 

In figure 6 ,  the damping  curve for model VI1 has a slightly  higher 
slope than model 1 and  varies  approximately  linearly  with  deflection, 
slmi lar  to a homogeneous  beam of higher  internal&amping  capacity. 
Models V and VI -A  have  damping  curves  that are probably indicative of 
a nonhomogeneous  structure  and  are  nonlinear  throughout  the  deflection 
range. As portions of these  curves  have a lower slope than  that of 
model V I I ,  the  addition  of  dry-friction dmping possibly  caused  by 
rupture  of  the  Cycleweld  bond  would  seem to be  indicated. Howevw, au 
examination of these models at the end of the tests  showed  that the bond 
was  still  intact.  The  difference in ming curves  between mdels V and I 
is assumed to  be  representative of the  Fnternal-damping  capacity of 
Qcleweld. As model VI-A had  the  leading  edge  fastened, less working of 
the  Cycleweld  is  expected, and hence,  less  damping. As the  damping  coef- 
ficient for model I at  the  lowest  tip angular deflection sham apees 
with  previously  published data (ref. 41, comparisons wi l l  be  made at 
this  condition. 
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A method for  calculating the stall-flutter  parameter V m  of 
thin w i n g s  by using the  experimental  aerodynamic  torsional damping- 
moment  coefficients has been  presented  in  reference 5. As the  mode  of 
vibration  in stal l  flutter  was  found to be  essentially  torsional,  the 
torsional  structural  damping  coefficients  reported  herein  will  be 
applied along with  the  aerodynamic  torsional  damping-moment  coefficients 
obtained  for  the  axis  of  rotation  at  the  50-percent chord to  obtain  the 
minimum flutter  parameter.  The analysis will be  based on the  structural 
properties  of  an  NACA. 16-004 airfoil  section  composed of steel. The 
minimum  flutter  parameters  calculated from the  above  are assumed to 
apply to thin  propellere  using  the  0.8-b~ade-1ength  statLon 88 a refer- 
ence  section, and these  parameters  are  summrized  in  table I. 

m e  minimum  flutter  parameter ( v . ) ~ .  8L is  increased  from 1.04 
for  model I to 1.41 for  model 111, or to 1-36 percent of that  for  model I. 
An increase  in  the  torsional  frequency m a  also  obtained  (table I) but 
is  not  considered  significant  as a variation  was  noted  for models I 
to Iv. 

The  increase  in dmping coefficient  for  model V over model I at the 
w e s t  tip a w  deflection,  from 0.0012 to 0.0562, is  sufficient  to 
raise'  the minimum flutter parameter to 300 percent  of 1.04, or 3.14. AB 
a 5.8-percent  reduction  in  torsional  frequency was also  obtained,  the 
increase  in  flutter  speed would be less than that  shown  for  the  flutter 
parameter . 

Model VI-A, with  the  leading edge silver-soldered,  gave a structural- 
dearping  curve  that faUg between  those  for  models I and V. The  increase 
in  damping  coefficient over model I from 0.0012 to 0.0240 is  sufficient c 

to  raise  the minimum flutter  parameter  from 1.04 to 2.44, or to 235 per- 
cent of that f o r  model I. As there  is  no  reduction  in the torsional f're- 
quency of this model, when  corrected  to. a =-inch  free  length, the mini- 
mum flutter  speed will increase  directly  aa the flutter  parameter. 

Mdel VI1 showed an increase in struc-tural  dampLng  over  model  I1 
which had no  Cycleweld bond but only eqwled that of model 111 which 
K ~ B  discussed  above. 

The  torsional-stiffness  factor GJ which  normally  bears a definite 
relation  to  the  torsional  frequency was determined  as a means of veri- 
fying  the  frequency  measurements.  bbdels  V,  VI,  and  VI-A  all  showed a 
similar  decrease  in  torsional  etiffnees  from  that  of  model I, but only 
m o d e l  V shared a corresponding  decrease  in  torsional  frequency. The 
fact  that  the  frequency  remained  constant  which  is  not  consistent  with 
the  decrease  in  torsional-stiffness  factor  would  be  fortuitous  from  the 
flutter  standpoint,  but  the  reason  for  it  is  not  understood.  The 
torsional-stiffness  measurements  also  provided a check  on  the  uniformity 
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of the models. A variation in  stiffness over the length was noted f o r  
models V, V I ,  and VI-A, pos6ibly caused by nonuniformiw of the Qcleweld 
bond; therefore,  average  values have been tabulated In table I. 

Although the  calculated minimum f l u t t e r  parameters were determined 
by using aerodyrm.uk damping coef'ffcients  taken on thin wings, the 
magnitude of the indicated gains euggests that appreciable  increases 
in   the  minimum f l u t t e r  speed of thin  propellers can be exgectml by such 
a means. Of the methods of laminations  stuafed, the Cycleweld-silver- 
solder  construction of model VI-A seems t o  offer the best compramise for  
the practical  construction of a laminated thin  propeller blade. 
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Figure 1.- Test ewpment, with model in position, used for obtainfng 
torsional structural ming. 
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Figure 2.- Schematic drawing of optical system md film recorder. 

1 



NACA RM L53AI-9 

c 

-1 Yodel  I 

/- e i lver  solder 

T a ilver solder 

Model 111 
s o f t -  aolder 

Model IV 

Model V Ugcleweld 

s i l v e r  solder 1 
Model V I  and VI-A 

Note: Figures not to s c a l e  

Figure 3 .- Cross sections of all models. 
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Figure 4.- 'pygical record of &wing vibration. 
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Tip angular  deflection, a, radians 

Figure 5.- Variation of tarsional structural b q i n g  coef'ficient via t i p  
Elngular deflection far solld ana soldered mDdels. w P 
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Figure 6 . -  Variation of torsional structural damping coefficient with tip 
angular deflection f o r  aolid and Cycleveld bonded models. 
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