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SPOILER OPERATING MECHANISM 

Span 
Chord 

Panel area 
Maximum angle 

Figure 3.- Three view drawing of DHC-6 Twin Otter with wing s p o i l e r  modification. 

pane 1 

1.22 m (4.0 f t )  
0.305 m (1.0 f t )  
51° 
0.372 m2 (4.0 f t 2 )  

TABLE 1. - SPOILER. CHARACTERISTICS 

Location of hinge l i n e  
sft of t h e  wing lead- 
ing  edge 

0.763 m (2.50 f t ) ,  
0.385 E 

DESCRIPTION OF J?LIGHT TEST 

Test Airplane 

Lower 
sur face  

panel 

1.22 m (4.0 f t )  
0.229 m (0.75 f t )  
51" 
0.279 m2 (3.9 f t 2 )  
4 
2 
1.085 m (3.56 f t ) ,  

0.548 c' 

The DeHavilland DHC-6, series 100 Twin O t t e r  a i rp l ane  is  shown i n  f l i g h t  ( f ig .  1) 
with the upper outboard s p o i l e r  panels (RUO) and left-upper outboard s p o i l e r  panel 
(LUO) deployed. Figure 2 shows t h e  a i rp l ane  on t h e  ground with a l l  spo i l e r  panels 
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f u l l y  deployed. 
c a t i o n  of t h e  s p o i l e r  pane ls  f o r  t h e  a i r p l a n e  is shown (fig. 3). A ske tch  of t h e  
s p o i l e r  ope ra t ing  mechanism is included i n  t h e  inset. The b a s i c  a i r p l a n e  genera l  
c h a r a c t e r i s t i c s  are l i s t e d  i n  t a b l e  2 .  

The s p o i l e r  modi f ica t ion ,  the e s s e n t i a l  dimensions, and t h e  i d e n t i f i -  

TABLE 2.- TEST AIRPLANE CHARACTERISTICS 

lWeight - maximum takeoff . . .  .5,252 kg (11,579 l b )  - maximum landing  . . .  .4,990 kg (11,000 l b )  
Engines . . . . . . . . . . . .  (2)PT6a-20A (579 ESHP) 
Flaps  . . . . . . . . . . . .  . F u l l  span, double s l o t t e d  
Wing loading ,  W/S . . . . . .  .127.92 kg/m2 (26.2 l b / f t 2 )  
Power loading  . . . . . . . .  .3.05 kg/ESHP (10.0 lb/ESHP) 
Wing span . . . . . . . . . .  .19.81 m (65 f t )  
Wing area . . . . . . . . . .  .39.02 m2 (420 f t 2 )  
Mean aerodynamic chord . . . .  .1.98 m (6.5 f t )  
Aspect r a t i o  . . . . . . . . .  .10.0 
A i r f o i l  s e c t i o n  . . . . . . .  .DHC L-18 
A i r f o i l  t h i ckness  r a t i o  . . .  .17X 
Maximum l i f t  c o e f f i c i e n t  . . .  .2.6 
S t a l l  speed, Vs, . . . . . . .  .56 KCAS 
Approach speed, 1.3 Vso . . .  .73 KCAS 

S p o i l e r  System 

The Twin Otter winq-spoiler modi f ica t ion  cons i s t ed  of two upper- and two lower- 
s u r f a c e  hinged-plate  pane ls  on each wing f o r  g l idepa th  c o n t r o l .  
upper and lower outboard panel i d e n t i c a l  t o  those  f o r  g l i d e p a t h  c o n t r o l  was provided 
outboard of t h e  g l idepa th  pane ls  on each wing. 

For r o l l  c o n t r o l ,  an 

These s p o i l e r s  are similar t o  those i n  c u r r e n t  use on s a i l p l a n e s  manufactured i n  
t h e  United S t a t e s .  
( f i g .  3 i n s e t ) .  

The upper and lower pane l s  are l inked  t o  a common torque  tube  

A l l  s p o i l e r  panels were loca ted  a t  approximately t h e  50% wing chord pos i t i on .  
The exact chordwise and spanwise l o c a t i o n  of t h e  s p o i l e r  pane ls  and o t h e r  geometric 
d e t a i l s  can be seen ( f i g s .  3-5). P r i n c i p a l  c h a r a c t e r i s t i c s  are given i n  t a b l e  1. 

To reduce t h e  aerodynamic wake e f f e c t s ,  t h e  s p o i l e r  pane ls  were vented by s l o t s  
No ven t ing  pa th  e x i s t e d  between t h e  lower and located near  t h e  hinge l i n e  ( r e f .  2 ) .  

upper panels,  and i t  was not f e a s i b l e  t o  provide one because of t h e  i n t e r f e r e n c e  of 
t h e  wing s t r u c t u r e  . 

The p a r t i c u l a r  s p o i l e r  pane l s  which were used t o  determine hinge moments were t h e  
outboard upper and lower s p o i l e r  set i d e n t i f i e d  as r igh t -uppe r  outboard s p o i l e r  panel 
(RUO), le f t -upper  outboard s p o i l e r  panel (LlJO), r ight- lower outboard s p o i l e r  panel 
(RLO), and le f t - lower  outboard s p o i l e r  panel (LLO) (fig. 3). The inboard edges of 
t hese  pane ls  a r e  loca ted  about 8 i n .  outboard of t h e  p r o p e l l e r  a r c ,  and are t h u s  
l i k e l y  t o  avoid t h e  in f luence  of t h e  p r o p e l l e r  wake. The area of t h e  upper gane ls  
was 4.0 f t 2 ,  and t h e  area of t h e  lower panels was 0.28 m2 (3.0 f t ' ) ,  
t i o n  was approximately 51" f o r  bo th  upper and lower su r faces .  

Maximum de f l ec -  

4 



Flight Plan of Test 

Data for upper and lower spoilers were recorded during steady-state trimmed 
flight at each of three conditions: 75 knots indicated airspeed, knots (KIAS) with 
maximum flaps, and 90 KIAS and 125 KIAS with zero flaps. 
CL - 1 . 4 ,  1.0, and 0 . 5 ,  respectively. 
full deployment in 6 steps, allowing 1 min of data taking at each spoiler opening. 

This corresponds t o  
At each speed, the spoilers were sequenced to 

Engine power was set to the value required for level flight with spoilers closed; 

After data were taken for each speed and spoiler configuration at full spoiler 
therefore altitude was lost as the spoilers were progressively opened for each data 
point. 
deflection, an additional data point was taken with idle thrust t o  assess the effects 
of propeller slipstream on the hinge moments. 

Since the upper and lower spoiler panels are both connected to a common torque 
tube (fig. 31, the ones to be removed had to be alternately disconnected and recon- 
nected via the appropriate push-pull rods. 
removing their push-pull rods, the panels were retained on the airplane by bolting 
their trailing edges to the wing skin. 
hinge pins, and push-pull rod assemblies were removed from the airplane. 

When the upper panels were deactivated by 

With the lower panels, the entire panels, 

Data System 

The data acquisition and recording system used in the Twin Otter airplane had a 
maximum capability of 180 channels of information (ref. 3 ) .  For these 
only 30 data channels were required. 

The primary source of data telemetered in real time to the ground 
displayed by alphanumeric printouts on an electrostatic printer (table 
time-history traces on strip-chart recorders. These data sources were 
airborne and ground-generated magnetic tape recordings. 

tests, however, 

facility, and 
3) and also by 
supported by 

Instrumentation and Data Reduction 

Cockpit instrumentation consisted of Twin Otter conventional blind flying panel 
plus the Electronic Attitude Director Indicator and the Electronic Horizontal Situa- 
Lion Indicator (ref. 1). This instrumentation was only important to these tests in 
that the digital airspeed readout and the z:Jtopilot speed-hold mode simplified the 
piloting task of stabilizing airspeed whiie deploying the spoilers. 
was displayed by micrometer edge gauges mounted on the glareshield. 

Spoiler position 

To measure the spoiler hinge moments, strain gauge differential pressure sensors 
were installed across the two sides of the double action pistons of the spoilers' 
hydraulic actuators. 
the actuator to the spoilers through the control linkage geometry. 
lower-spoiler actuating systems are shown in figures 4 and 5 .  

Hinge moments were then calculated from the force applied by 
The upper- and 

Since the spoiler actuating system results in a nonlinear gearing, the mechanical 
The gearing advantage of the system was determined as a function of spoiler position. 

that resulted from the hydraulic actuator was then combined with the mechanical gear- 
ing to fcrm a multiplying factor - at a given spoiler deflection - which determines 
spoiler hinge moment when milriplied by hydraulic actuator differential pressure 
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ORIGINAL PAGE IS 
OF POOR WALnV 

Figure 4.- Upper s p o i l e r  a c t u a t i n g  system. 

(SPPRS). 
f i g u r e  6.  

The mul t ip ly ing  f a c t o r s  f o r  upper and lower s p o i l e r  s y s t e m s  are shown i n  
The method of  de r iv ing  t h e  mul t ip ly ing  f a c t o r s  is given i n  the  appendix. 

Data Process ing  

The hinge moment c a l c u l a t i o n s  were performed manually from t h e  alphanumeric 
p r in tou t s  ( t a b l e  3) .  
real time. 
i n  the  hinge moment p l o t s  was computed from a b u r s t  of real time d a t a  of .approximately 
45 sec.  
than one-half of t h e  mean va lues .  
each poin t .  

These p r i n t o u t s  cons i s t ed  of blocks of d i s c r e t e  d a t a  b u r s t s  i n  
Each poin t  shown The p e r t i n e n t  mnemonics are given i n  t h e  nomenclature. 

Wild po in t s  were d iscarded  and were def ined as g r e a t e r  than twice ,  o r  less 
One sigma v a r i a t i o n s  were computed and p l o t t e d  f o r  
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NOT TO SCALE 

Figure 5 . -  Lower spoiler actuating system. 

RZSULTS AND DISCUSSION 

Upper Surface Spoilers  

Upper-surface spoiler-hinge moments are plotted as a function of spoiler deflec- 
tion in figures 7a, b, and c. 
coefficient envelope are defined by one-sigma values from the extreme data points as 
indicated on the plots. 

The upper and lower boundaries of the hinge moment 

A dashed line (fig. 7) for the hinge moment indicates the resulting sooi ler  drag 
coefficient of 

panel area. 
structural design requirements. 

C D ~ ~  = 2.0 (refs, 4 and 5 )  acting at the centroid of the exposed 
T h i s  estimate of hinge moment was made to establish a lower lim-it foi the 

For small values of spoiler deflection - up t o  10' for the 75-knot case, and 20" 
to 25' for the 90-knot and 125-knot cases - the hinge moments were negative. 
without a closing hinge moment applied, the snoilers would have free-floated to those 
angles. 

Thus, 

The most surprising revelation of these data can be seen in the 75-knot case 
(fig. 7a), which was the o n l y  flapped configuration tested. A sharp discontinuity can 
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be  seen ir .  t h e  d a t a  a t  about 10" 
d e f l e c t i o n .  A t  t h a t  p o i n t ,  as 
the s p o i l e r s  were slowly deployed, 
t h e  a i r f l o w  a f t  of t h e  s p o i l e r  
panel  rea t tached  a f t e r  having 
been sepa ra t ed  f o r  lower angles  
of deployment. 

The a i r f l o w  around t h e  
s p o i l e r s  can be  v i sua l i zed  by 
observing t h e  t u f t  photographs i n  
f i g u r e  8 .  With s p o i l e r s  c losed  
( f i g .  8a )  t h e  flow i s  a t t ached ,  as 
would be expected. With t h e  
s p o i l e r s  open approximately I!?" 
( f i g .  8b ) ,  t h e  flow betwcen t h e  
s p o i l e r  and t h e  f l a g  is separa ted ,  
w i th  some rewrse flow ind ica t ed .  
With s p o i l e r s  f u l l y  open ( f i g .  8 c ) ,  
t h e  flow has  rea t tached  and was 
observed t o  r e a t t a c h  a t  approxi- 
mately 15" s p o i l e r  de f l ec t ion .  It  
is  poss ib l e  t h a t  t h i s  flow 
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t h e  d i s c o n t i n u i t y  i n  t h e  hinge- 
moment d a t a ,  a l though no s p e c i f i c  Figure 6 . -  Upper and lower s p o i l e r  mult iply-  
t e s t i n g  was done t o  make t h i s  i ng  f a c t o r s  t o  account f o r  mechanical and 
determinat ion.  hydrau l i c  gear ing.  

The 90-knot and 125-knot zero  f l a p  conf igu ra t ions  ( f i g s .  7b-c), i n d i c a t e  a con- 
t inuous v a r i a t i o n  of  hinge moment c o e f f i c i e n t  w i th  respect t o  s p o i l e r  angle .  Observa- 
t i o n s  of t h e  t u f t s  dur ing  f l i g h t  i nd ica t ed  t h a t  f l o u  sepa ra t ion  occurred immediately 
as t h e  s p o i l e r s  were opened, and, un l ike  t h e  75-knot, 40"-flap conf igu ra t ion ,  t h e  flow 
remained separated a i t  of t he  s p o i l e r s  f o r  a l l  angles  of deployment. 

The only c h a r a c t e r i s t i c  of t h e  90-knot d a t a  which might be  considered anomalous 
is t h e  nega t ive  s lope  of ch v s  6sp f o r  t h e  first few degrees  of deployment. 

The 90-knot and 125-knot data had a very small d i spe r s ion  of  s tandard  dev ia t ion  
compared wi th  t h e  75-knot case .  The impl ica t ion  is t h a t  t h e  flow was less t u r b u l e n t ,  
al though sepa ra t ed ,  arc .nd t h e  s p o i l e r  panels  f o r  t h e  zero  f l a p  conf igu ra t ions  t h a t  
i t  w a s  f o r  t h e  40"-flap case. 

Figure 3 i n d i c a t e s  a 5-in. l a te ra l  sepa ra t ion  between t h e  p r o p e l l e r  arc and t h e  
inboard edge of t h e  a c t i v e  s p o i l e r  panel .  S ince  it  appeared poss ib l e  fo r  t h e  propel-  
ler  sl ipstream t o  effect  :tie hinge moment measurement, t he  d a t a  poin t  a t  maximum 
s p o i l e r  d e f l e c t i o n  was repeated wi th  i d l e  t h r u s t .  

I d l e  t h r u s t  d a t a  was then compared with power-on d a t a  ( f i g s .  8a and 8c) .  The 
i d l e  da t a ,  e .g . ,  t h e  flagged p o i n t s  ( s l i g h t l y  lower va lue  than t h e  power po in t s )  were 
separa ted  by less than one sigma v a r i a t i o n  than t h e  powered po in t s  were. Therefore ,  
p rope l l e r  s l i p s L r e a m  d id  l o t  seem t o  have a s i g n i f i c a n t  inf  hence  on t h e  hinge moment. 
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Figure 7.- Upper s p o i l e r  hinge moment c o e f f i c i e n t .  

Lower Surf ace Spo i l e r s  

Hinge-moment c o e f f i c i e n t  da t a  f o r  t h e  lower s u r f a c e  s p o i l e r s  i n d i c a t e  a r e l a -  
t i v e l y  cons tan t  value,  almost independen: of spoiler d e f l e c t i o n  angle ,  f o r  a l l  condi- 
t i o n s  t e s t e d  ( f i g .  9).  As t h e  spoilers were deployed, t h e  hinge moment c o e f f i c i e n t  
quickly b u i l t  up t o  a vdLue oi ch 6 s ~  2 40" 
when t h e  moments decreased with f u r t h e r  deployment. 

-0.1, and maintained t h a t  va lue  u n t i l  

Nc flow v i s u a l i z a t i m  techniques were attempted t o  i l l u s t r a t e  a i r f l c w  p a t t e r n s  
on t h e  lower wing sur face .  
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Figure 9 . -  Lower spoiler hinge moment coefficient. 

CONCLUSIONS 

In-flight measurements were made to determine hinge moment coefficients of upper 
and lower wing surface hinged-plate spoilers installed on a DHC-6 Twin Otter turboprop 
STOL trans por t .  

In general, the inagnitude of the hinge moments measured i n  flight were lower than 
predicted. 
a significant discontinuity existed fur spoiler deflections <IO' and >IOo. The reason 
for the discontinuity cannot be established; however, it was observed to coincide with 
flow reattachment aft of the spoiler panel for spoiler deflections exceeding 10". 

Furthermore, for upper surface spoilers with the maximum flap deflection, 
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APPENDIX 

The procedure used t o  determine t h e  mechanical gear ing f o r  both upper and lower 
s p o i l e r - c o n t r o l  l inkage  systems is descr ibed.  
geometries r e s u l t s  i n  a n c n l i n e a r  r e l a t i o n s h i p  between t h e  input  torque-tube moment 
and t h e  output  spoi ler-hinge moment. 
determining s i n e  va lues  f o r  t h r e e  l e v e r  angles  from a graph and by s u b s t i t u t i n g  i n t o  
t h e  expression.  
s p o i l e r  d e f l e c t i o n  angle .  

The i n t e r p l a y  of t h e  c o n t r o l  l e v e r  

A t r igonometr ic  expression can be der ived by 

The gear  r a t i o ,  or mult iplying f a c t o r ,  can then be determined f o r  any 

I n  a d d i t i o n ,  t h e  hydraul ic  advantage, or gear ing  is c a l c u l a t e d  as a f a c t o r  t o  be 
mul t ip l ied  by d i f f e r e n t i a l  hydraul ic  p r e s s u r e  (SPPRS) t o  determin-. input  f o r c e  t o  t h e  
c o n t r o l  l inkage  systems. 
s p o i l e r s  s i n c e  t h e  same a c t u a t o r  is used f o r  both systems. 

This  mul t ip ly ing  f a c t o r  is t h e  same for upper and lower 

Upper S p o i l e r  Mechanical and Hydraulic Gearing 

Figure A1 shows t h e  re levant  f e a t u r e s  
of t h e  upper s p o i l e r  c o n t r o l  l inkage.  The 
forces, angles ,  and dimensions required to 
c a l c u l a t e  s p o i l e r  hinge moment are i n d i c a t e d .  
Assume zero f r i c t i o n  and s ta t ic  loads  \ 

I %T = MSP 
+ MTT 

I 

= F,d, s i n  a 

= F,d, s i n  B 
Figure A I . -  Upper s p o i l e r  c o n t r o l  

l inkage. s i n  a 
F2 = Fldi  d, s i n  6 

%.Sp. = F 2 d 3  sin ' 
F,d, s i n  a d 3  s i n  0 

d, s i n  8 
- - 

F 1 d l d 3  s i n  a s i n  9 
d2 s i n  B 

=- 

The angular  r e l a t i o n s h i p  of t h e  upper s p o i l e r  with respec t  t o  t h e  var ious  l e v e r  
angles  i s  shown i n  f i g u r e  A 2 .  
funct ion of s p o i l e r  p o s i t i o n .  

Now t h e  s p o i l e r  hinge moments can be expressed a s  a 

$J.SP. 

F, = hydraul ic  pressure  (SPPRS) x exposed p i s t o n  a r e a  (Aeff) 

lT - - = - [(3.335,) - (i.4302)] = 7.13 cm2 (1.105 in.,) A e f f  - * p i s t  *rod 4 
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3 = ANGLE BETWEEN ACTUATOR AND TORQUE TUBE 

J = ANGLE BETWEEN TORQUE TUBE LEVER AND 
LEVER 

PUSH-PULL ROD 
0 = ANGLE BETWEEN PUSH-PULL ROO AND SPOILER 

LEVER 

I I 1 I I 1 

0 10 20 30 40 50 60 
UPPER SPOILER DEFLECTION ANGLE. deg 

./ 
Figure A 2 . -  Upper s p o i l e r  l e v e r  angles  wi th  r e spec t  t o  s p o i l e r  angle .  

F i  = 7.13 SPPRS, kg (1,105 SPPRS, l b )  

d ,  = 0.0432 m ( 1 . 7  i n . )  

d, = 0.0762 m (3.0 i n . )  

d ,  = 0.0762 m ( 3 . 0  i n . )  

S u b s t i t u t i n g  t h e  above i n t o  t h e  moment equat ion  y i e l d s  t h e  following: 

= 0.0216 SPPRS '1 , ma kg Mv. SP. 3 %. SP. b. SP. 
s i n  a sin li" = 0.15654 SPPRS [ sin 3 , f t - l b  

1s U.SP. 

The combined mul t ip ly ing  factcrr f o r  upper s p o i l e r s  is  p l o t t e d  a g a i n s t  s p o i l e r  de f l ec -  
t i o n  angle  i n  f i g u r e  6 of t h e  t e x t .  

15 



.- . _.. . 
ORIGINAL FAGE !3 
OF Q u A L r n  

Lower Spo i l e r  Nechanical and Hydraul ic  Gearing 

Figure A: shcqrs t h e  e s s e n t i a l  f e a t u r e s  of t h e  lower s p o i l e r  c o n t r o l  l inkage ,  and 
the information requi red  t o  c a l c u l a t e  s p o i l e r  hinge moment are ind ica t ed .  

Figure A3.-  Lower s p o i l e r  c o n t r o l  l inkage.  

Assume zero f r i c t i o n  and s t a t i c  loads .  

The d e r i v a t i o n  of lower s p o i l e r  hinge moments is i d e n t i c a l  t o  t h e  upper s p o i l e r s .  

The angclar  r e l a t i o n s h i p  o f  t h e  lower s p o i l e r  with respec t  t o  t h e  var ious  l e v e r  
angles  i s  shown i n  f i g u r e  A 4 .  
moments as a func t ion  of  lower s p o i l e r  pos i t i on .  

This  information p e r m i t s  t h e  express ion  of hinge 

F, i s  c a l c u l a t e d  i n  the  same manner as f o r  upper s p o i l e r s .  

E', = 7 .13  SPPRS, kg (1.105 SPPRS, l b )  

d ,  = 0 .0432 m (1 .70  i n . )  

16 



a = ANGLE BETWEEN ACTUATOR 
AND TOROUE TUBE LEVER 

ROD AND TORQUE TUBE 
LEVER 

tl = ANGLE BETWEEN 
SPLR LEVER AND 

0rnT.J.Y. 
OF mt? 

3 = ANGLE BETWEEN PUSH-PULL 

P 120 - 
PUSH-PULL ROD 

0 

100 - 

vi 

(3 z 80 
U 
K 
w 

w 
J 

- 

I 

0 10 20 30 40 50 60 
LOWER SPOILER DEFLECTION ANGLE, deg 

Figure  A 4 . -  Lower s p o i l e r  l e v e r  a n g l e s  G i t h  r e s p e c t  t o  s p o i l e r  a n g l e .  

d ,  = 0.0699 m ( 2 . 7 5  i n . )  

d ,  = 0.0704 m ( 2 . 7 7  i n . )  

S u b s t i t u t i n g  t h e s e  v a l u e s  i n t o  t h c  moment e q u a t i o n  y i e l d s  t h e  f o l l o w i n g .  

s i n  c1 s i n  i 
= 0.02091 SPPRS [ ~ sin ] , m-kg %.SP. ~ 1 'L. SP. sL. SP. 

= 0.15768 SPPRS [sin sin '1 , f t - l b  s i n  6 
L. SP. 

The combined m u l t i p l y i n g  f a c t o r  f o r  lower s p o i l e r s  i s  p l o t t e d  i n  f i g u r e  6 of  t h e  
t e x t ,  w i t h  t h e  m u l t i p l y i n g  f a c t o r  f o r  upper  s p o i l e r s .  
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