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FORWARD 

This document has been prepared for the Langley Parawing 
Program Office under contract No. NAS1-6957. The main 
purpose of this paper is the detailed documentation of the 
weights, center of gravity, and inertias for a 24 ft all 
flexible single keel parawing,model 2. This model is part 
of a flight test program of a contractor, Northrop Inoor- 
porated, Ventura, California. The work was performed for 
the Applied Materials and Physics Division of Langley Research 
Center and under the technical cognizance of Mr. Sherwood 
Hoffman. 
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This paper presents the mass moment of ine r t i a  tests and results 
of a 24 Ft. Single Keel Parawing, Model 2. 
flight test program of a contractor, Northrop Inc.. 
conducted i n  the Langley 60 ft. vacuum sphere. The pressure and 
temperature inside the sphere was sea level. The w i n g  tested was 
mounted on a pendulum supported frame and they were osci l la ted t o  
measure periods. "he data recorded consisted of stop watch times, 
damped osci l la t ions on oscillograph paper, pressure and temperature 
i n  the sphere, and moisture content. The damped oscil lations were 
measured by accelerometers mounted on the  pendulum. 

This w i n g  is  par t  of a 
The tests were 

The w i n g  was tested i n  pitch and ro l l .  
of the tares and frames used, as w e l l  as the im?rtias for  the  w i n g s  
alone are presented here-in. The iner t ias  fo r  the w i n g  plus l i n e s  
plus harness axe summarized i n  Table 5 and Figures 12(a) and 12(b). 

The inertias and masses 

The ine r t i a  calculations at the harness end are taken where the 
harness attaches t o  thepayload.This t i e  down point w a s  selected 
fo r  the iner t ias  instead of the confluent point because it is 
intended that the ine r t i a  of the en t i re  w i n g  assembly be m a d e  
readily available fo r  use i n  data analysis. 

All tares are subtracted from the summary data except for  the 
apparent masses associated with the s tabi l iz ing f i n  of the roll. 
test  and fo r  the transfer of trapped air ine r t i a  of the w i n g  from 
the pendulum knife edge t o  the harness reference. 

The ine r t i a  caJ-culations are based on the parawing keel angle of 
9" 17' w i t h  the horizontal. If' the accrual flight angle is different ,  
then the iner t ias  should be rotated t o  obtain the correct f l i gh t  data. 



INTRODUCTION 

This r e p o r t  has been prepared t o  document t h e  methods, tests,  and 
measurements of t he  weights,  cen te r  of g rav i ty ,  and moments of 
i n e r t i a  of the 24 f t  a l l  f l e x i b l e  Single Keel Parawing, Model 2, 
f o r  t h e  NASA, Langley Research Center. 

The tests were conducted t o  determine t h e  moments of i n e r t i a  of the 
parawing a t  sea  l e v e l  only f o r  p i t c h  and r o l l  axes i n  the  Langley 
60 f t  vacuum sphere. 
No. 1, I n e r t i a  T e s t  of a 24 F t  Single  Keel Parawing, Model 1" by 
LTV Aerospace Corporation. From th is  i n e r t i a  vs. dens i ty  curve,  
the estimate i n e r t i a  vs. dens i ty  curve f o r  Model 2 was es tab l i shed .  

A comparison was made with data from "Report 

The Yaw i n e r t i a  was estimated from Report No. 1 

In  genera l ,  t h e  shroud l i n e s  f o r  Model 2 were about 1 5  percent  
sho r t e r  than those of Model 1. Also, Model 2 weighed 25.9 lbs .  
o r  about 3 pounds more than t h e  first model and had about 
percent more wing planform area. 

v i i i  
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FORMULAS 

r 1. I n e r t i a  of Compound Pendulum ( P i t c h  o r  R o l l )  

2 .  I n e r t i a  of Parawing a t  t h e  Knife Edge ( P i t c h  o r  R o l l )  
I t  II II I I  I I  II -- 

I FRAME KE - I FIN KE 'TARES KE - 'Ypm KE - I WING KE 
3. I n e r t i a  G f  Parawing a t  t h e  Center of Grav i ty  ( P i t c h  o r  Roll) 

2 11 I I  II 11 

- (AL) - 
'WING C.G. - I WING KE g 

4. Inertia of Parawing a t  t h e  Harness ( P i t c h  o r  R o l l )  
I1 II 11 I1 I W I N G H -  - IWINGC.G. + g ( A  L ~ ) ~  

5. I n e r t i a  of T r i f i l l a r  Pendulum (Yaw) 
I1 0 

I PEND 
d n 2  

%IRES 
1 i 3 2  

6. I n e r t i a  of Parawing T r i f i l l a r  System (Yaw) 

7 .  Rota t ion  of Inertia from p r i n c i p a l  t o  body ax i s  (See Sketch) 

Given: 

a. 

b. 

c. 

I n e r t i a  i n  Ro l l  Axis = Ix 

I n e r t i a  i n  Yaw Axis = Iz 

I n e r t i a  i n  P i t c h  Axis =Iy 

Solve : 

a. 1 ~ 1  = I~ c o s  A + xZ s i n 2 A  

b. Iz' = c o s  It +Ix sin2-/t 

0.  Iy'= Ly 

2 

2 

Find : 

Rota te  t o  Angle /-t 

IZx' = (IZ - 1x1  cos.^ s i n h  

I x2 - - 'zl s i n  A A + I x l  c o s  d n  -. 21xzl C o s A J L s i n A A  

8.  Rota t ion  from body ax i s  (1) t o  body ax i s  (2 ) (See  
2 Iz axes 

2 a. 

b. I - I s in2A.A+ Izl c o s 2 d A +  ~Ixz, c o s  A A  s i n L f I t  
z2 - x1 

i x  



8. Rotation o f  Body Axis (continued) 

C.G. of Body Axes 1 

C.G. of  Body Axes 2 

- 
/ 

1' Body Axes 2 
Body Axes 1 

3 Pressure (#/Ft2) 
9. Density (Slugs/Ft ) = 

R (Ft2/Sec2OR) x TOR 

10. Conversion Formulas: 

a. ALTITUDE 

Feet x .305 = Meters 

b. INERTIA 

2 Slugs*Ft2 x 1.356= Kg=m 

c. PRESSURE 

. (1) noaHg x 2.78446 = #/Ft2 

(2)  #/Ft3 x 47.880218 = N/$ 

d. TWPERATURE 

(1) ToFahrenheit f 460° = TORANKINE 

(2)  T OR x .5555 = TOKELVIN 

e. DENSITY 

Slugs/Ft3 x 515.379 = Kgm/M3 

. 

x 



SYMBOLS 

C.Go Center of  Gravity 

K.E. Knife Edge 

ToPo Trifilar Pendulum 

D. Diameter i n  Feet 

p Density Slugs/Ft 3 

g Gravi ty  (32.16 Ft /sec2)  

H Harness 

Length from Center of Gravi ty  t o  Harness Pivot  

Moment of I n e r t i a  i n  Slugs*Ft2 

*%I 

I 

L Pendulum Length i n  Ft 

A L  Length from C.G. t o  K.E. i n  Ft 

R 1715 Ft2/sec2 OR 

TOR T'Rankine (Temp) 

W Weight i n  Lbs. 

P i  (3  ~416) 

5 Summation 

T Period i n  sec/cyc 

X Rol l  Axis 

' Y  P i t ch  Axis 

Z Yaw Axis 

Cross Product 

yF ). Frame S t a t i o n s ,  zero reference a t  apex 

X Distance along leading  eae ,  ft. 

0 Linear Deflection, inches, fkom t h e  osc i l lograph  records,  
o r  de f l ec t ion  angle  f o r  an o s c i l l a t i o n  of t h e  pendulum 
Assembly, deg 

-A Angle between keil  and ho r i zon ta l  reference,  deg 

C.B. Counter Balance 
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SECTION 1 
TEST OBJECTIVE 

The purpose of t h i s  t e s t  is  t o  e s t a b l i s h  t h e  moments of  i n e r t i a  
of t h e  24 Ft  Single Keel Parawing Model 2 i n  t h e  p i toh  snd r o l l  
axes a t  sea l e v e l  only. Yaw axes i n e r t i a  is estimated. 

The r e s u l t s  of  t h i s  series of t e s t s  a r e  oompared with the  i n e r t i a s  
of  a 24 Ft. Single  Keel Parawing Model 1. See "Report No. 1, 
I n e r t i a  Test  of a 24 Ft.  Single  Keel Parawing Model 1" by Dan 0. 
Sumners of  LTV Aerospaoe Corporation. 



B s s i a  engineering mraving design deta; 

The following figures reoord the design date for the 24 Ft 
Single-Keel Parawing, Model 2 

Figure 2(e) - Fsbrio Design 

Figure 2(b)  - Shroud Line Lengths end Weights 

Figure 2 ( 0 )  - Herneas 

2.0 



KEEL 
X ,  K - 1  = -125 
X ,  K-2 = .210 
X, K-3 = .291 
X ,  K-4 = .333 
X ,  K-5 = ,416 
X ,  K-6 = .500 
X ,  K-7 = .583 
X, K - 8  = .667 
X, K-9 = .750 
X ,  K-10= ,833 
X ,  K - 1 1 ~  .917 
x , K-12 1.000 

LEAPING EDGE TRAILING EDGE 
X, L.E.-l = .177 X, T.E. - l  = .150 
X ,  L.E.-2 = .333 X ,  T.E.-2 = .275 
X ,  L.E.-3 3 .SO0 X ,  T.E.-2 3 -450 
X ,  L.E.-4 = .667 X,  T E.-4 =: ,675 
X,  L.E.-5 = .833 
X ,  L.E.-6= 1.000 

l k  = 24.0 F t .  

(a) Fabrio Design 

Model 2 ,  - No. 1 0 5 4  NV 
Figure 2 - Single Keel Perawing Design Data 

2.1 



-in Line \/ 
TYPO Shroud Line Weight = 3 . 6  Grams Q Foot 

Weight of All Shroud Lines = 6.8379 Lbs 

SHROUD LINE 
IDENTIFIC AT1 ON 

(b) - Shroud Lines Design 
Figure 2 - Continued 

end 

,1874 

.1707 1 

.2249 I 

.2267 

.2159 

.2159 / 
I 

- 
2.2 



I '  

... 

I 

Attachment Loops 

Inertias caloulated at  th is  axis 

12.87 in 

\- Ref. Shroud Lines 1 

( 0 )  &ness Design 
Figure 2 - Conciludsd 

2.3 



SECTION 3 
TEST PROCEDURE 

24 F t ,  S i n g l e  Kzel Parawing, Model 2 - Weight and Center of Grav i ty  

A. Bundale Parawing assembly (Parawing, Shroud 'Lines,  and Elarness) 
and weigh on s c a l e s .  25.9 LBS 

3. Center of Grav i ty  o f  Parawing by Board Iviethod 
(See Figure 3) 

1. Suspend a board,  approximately one ( 1 )  i n c h  t h i c k ,  6 inches  
wide and 37 F t .  23 inches  long  p a r a l l e l  t o  f l o o r  w i t h  t h r e e  
( 3 )  s c a l e s .  
See F igu re  No. 3. 

2. Record weight of each scale and t h e i r  l o c a t i o n  frorr! end o f  
board. 
Scale  1 12.0#- Sca le  2 l6.9# Scale  3 10.3# 

3. S t r e t c h  Parawing f l a t  on t h e  f l o o r  and p u l l  a l l  shroud 
l i n e s  s t r a i g h t  from ha rness  t o  a t tachment  w i t h  s a i l ,  s t r e t c h  
t h e  s a i l  i n  t h e  same manner and f o l d  u n t i l  Parawing i s  i n  
a bundle w i t h  shroud l i n e s  s t r a i g h t .  

4. Place Parawing on board without  changing l o c a t i o n  of s c a l e s .  
Record d i s t a n c e  of ha rness  from end of board,  and new weight 
o f  each s c a l e .  
Scale  1 26.3# Sca le  2 22.5# Scale  3 16.3# 

5. Take moments about end of board f o r  wing and board. tieight 
of board and Parawing = 65.1 LBS. 

E MOM = 0 
'"JT OT AL (L")  = VJlL1 + W2L2 + J3L3 
65.1# (L") = 22.5(79.5") + 16.3#(256.5") + 26.3#(373.5' ) 

L = 242.5921 inches 

6. Take,moments about end of board f o r  board a lone.  
l e i n h t  of board = 39.2 LBS. 

33.2 (L) = 16.9#(79.5") + 10.3#(256.5") + 12,0#(373,5 '*)  
L = 216.0076 inches 

7 .  Take moments f o r  wing alone.  
Weight of wing = 25.9 LBS 

%Ii\TG (L)  = 'TCALT) - wB(d$) 
25.9 ( L )  = 65.1#(242.6") - 39.2#(216.008") 

L = 282.8473 inches  

3.0 



SECTION 3 

8. Dimension from harness to center of gravity of Parawing. 

282.8473 
- 35.70 - 
247.15 inches 

9. By Design of Parawing center of gravity is near shroud 
, line no. 8. 

3.1 
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SECTION 4 
TARES 

24 Ft S ing le  Keel Parawing, Model 2 - Tares  

A. Pendulum t a r e s  a r e  l i s t e d  as fol lows:  

1. Standard k n i f e  edge is used w i t h  a l l  pendillurn t a r e s ;  
lower k n i f e  edge only.  (See F igu re  4) 

2 .  6 f t  ex tens ion  t a r e s  used i n  p i t c h  and r o l l  pendulum 
t e s t  f o r  i n e r t i a .  (See Figure 5 )  

4.0 



-7 -LOWER 

KNIFE 

2 IJEIGliT = 7.851 LDS 
INERTIA = ,0025 FT-LBS see 
"T"AVG = 2.49 sec/cyc 

I 

_. ..i 

I 

. 
! 

1 

-- 
J 

L CENTER 0; GRAVITY 
OF KNIFE EDGE PENDULUM 

STANDARD KNIFE EDGE PENDULUM 
LOidER KNIFE EDGE 
FIGURE 4 

4.1 
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COMBINED C.G. TO KNIFE EDGE =..20.7804 INCH OR 1.7317 FT. 
TOTAL WEIGHT = 16.3822 LBS. 

"T" AVG = 2.5556 se2/cyc2 
" T ~ ~ ~ A V G  = 6.53109 sec /cyc2 
9.'' TARES K.E. 4.69325 slugg ft 
"I" TARES C.G. = 3.1656 slugs f t2  

78.242 inch 
REF. 

- -  

; I -  
t 

sm UP c 
,LOIJER KNLPF: EDGE 
6 FT. EXTENSION 

TARES 
FIGURE 5 

4.2 
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SECTION 5 

FRAME 

24 F t .  S ing le  Keel Frame - Weight, Center o f  Gravity, and Moments o f  
Ine r t i a  

A. Frame Data Derived from Report No. 1 

1. Weight - 23.45 lbs. 
2. Center of Grav i ty  - Z s t a "  0 

(Station i n  i nches )  .- Y sta -= +l.99 
- X sta = 96.0 

3. Frame moments of i n e r t i a  about c e n t e r  o f  g r a v i t y  with 
keel  p a r a l l e l  t o  f l o o r .  

P ' tc t . t  = 16.92256 slugs'ft 2 

YWN Z. 26.45905 slugs.ft 2 
> - I  2 , G c h  20.23297 s i . ~ g s . r t  

H. Frame 1)a+,~ .iotated for t h i s  l e s t  

1. fieisct . Same 
2. \;ent,er ?f Grevity - Same 
3 .  Frame Moments o f  fncrtia about Center o f  Gravity w;",i; 

Keel r o t a t e d  3'17' t o  f l o o r ,  which was the r e f e r e n c e  
i n c l i n a t i o n .  

( a )  

(b) R o l l  i n e r t i a  a t  c e n t e r  o f  g r a v i t y ,  Ix. 

Pitc;h incrtta at  can te r  o f  gravity, I ~ .  9 16.92256 sLugs.ft& (same) 

T I 1  (COS'A 1 -+ r ~ ~ * ' y ~ f l  (sj$h> 30LL I - 
'111'm~.ah4E C.G. - 
I 1  TI1 

1'i*'FBad3 ,-..-a = 20.394878 slugs-ft2 ( e s t ima ted )  

-- 20.23297 ( . 98690)2+ (26.45905) ( .  16132)2 FRAME C,G. -- 

. 2  I 1  1 1 1  

I'"'EiSAME C.G. 26.296822 slugs*ft2 ( e s t ima ted )  
FRAME 2.G. -- 26.45905 (.97397)2+20.23297 (.E132) 

( t i )  CrOSS-prodUCtS: t h e  Z axis of t h e  frame was a i jgncd  
w i t h  t h e  v e r t i c a l  axis of t h e  pendulum k n i f e  edge making 
IXz F R ~ E  ~~(3.z 0. For a 9'17' r o t a t i o n ,  I X L  F R A ~ ~ ~ E ~  
(Iz - Ix) c o ~ s i n . A . . I X z  FRAME = (26.296 - 20,355) 

r) 

( ,97397) ( .16132) , Ixz FRAME z .927 Slugs * ft&. 

5.0 



SECTION 6 
OSCILLATION DEVICE 

Solenoid O s c i l l a t i o n  Device 
See F igu re  6 

A .  Purpose: 

To o s c i l l a t e  pendulum assembly i n s i d e  60 f t  sphere f o r  
both p i t c h  and r o l l  t e s t s .  

B. Operated from second f l o o r  c o n t r o l  room of sphere.  

C .  Descr ipt ion:  

1. C o n s i s t s  of two s c i s s o r  arms a c t u a t e d  by a s o l e n o i d  
t o  ,hole  o r  r e l e a s e  a l i n e  a t t a c h e d  parawing. 

2 .  S c i s s o r  assembly is moved forward or backward on a 
rod by a s y s t e m  of c a b l e s  a c t i v s t e d  by a v a r i a b l e  
speed motor  w i th  r e v e r s e  d i r e c t i o n  oon t ro l .  

6.0 
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SOLIENOID OSCILLATING DEVICE 
FIGURL 6 

,. 

! 

6.1. 
t 

INCH 
DIA. 



A. Purpose (See Figure 7 j  is  t o  e q u a l i z e  a i r  r e s i s t a n c e  
o f  parawing pendulum assembly which has a tendency t o  
yaw wi thou t  t h e  f i n .  

B. Fin is  a t t a c h e d  t o  forward k e e l  shroud l i n e s  loca t ed  
t o  balance s a i l  a r e a  o f  aft p o r t i o n  of parswing. 

C .  F i n  is made o f  .004 t h i c k  p l a s t i c .  

7 . 0  



c -  
.. . .."_ " . .. . . .. 

FITJ 
WEIGHT = .5467 L3S 
ARM =30.65 FT2 
TEICDTESS = .004 in 
INE3TIA C.G. = .Oh489 SLUGS*FT2 

i 
i I +. .~ 75.0 i n .  

I DIA.  ! ! 

, A  / 

i PLUMB LINE 
REF. 

,/ 
I 

/ CENTER OF 
FRAME KEEL 

- 
REF, 

FIGURE 7 - FIN FOR ROLL TEST OXLY. 
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SECTION 8 
PENDULUM TESTS 

24 F t  S ing le  Keel Parawing, Model 2 - Pendulum Tes t .  
P i t c h  and R o l l  Per iods.  

The fo l lowing  Pendulum T e s t s  were conducted t o  determine t h e  pe r iods  
for p i t c h  and roll tes ts  f o r  each assembly a t  sea l e v e l  a l t i t u d e .  
The t e s t  was conducted i n  t h e  60 ft sphere wi th  the 6 ft ex tens ion ;  
lower k n i f e  edge, t a r e s ;  24 f t  s i n g l e  k e e l  frame, 24 f t  s i n g l e  k e e l  
parawing; and f i n  used i n  r o l l  only.  

The pendulum pe r iods  e r e  used t o  c a l c u l a t e  t h e  moments o f  inertia. 
The s t o p  watch pe r iods  and l i n e a r  d e f l e c t i o n  r e c o r d s ,  f o r  each i n d i -  
v i d u a l  pendulum t e s t ,  fo l lows  each t e s t  d e s c r i p t i o n .  

F igu re  8 is a photograph o f  t h e  Langley 60 f t  vacuum sphere f a c i l i t y .  
F igu re  9 shows t h e  parawing assembly i n  t h e  sphere wi th  a s t a b i l i z i n g  
f i n  f o r  r o l l  t e s t .  
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SECTION 8 
PENDULUM TEST NO. 1 

OUTLIlVE 

Pendulum T e s t  - 24 F t  S ing le  Keel Parawing, Model 2,  Shroud L ines ,  
Harness,  Frame, and Tares .  

PITCH INERTIA "6FT" EXT. TARES 
(Figure  10 ') 

A. EQUIPMENT 
1. Tares  (F igure  5 ) - 6 F t  Zxt.  Set-up C Lower Knife Edge. 
2 a Parawing Assembly. 
3. Frame (24 F t  S ingle  Keel) .  
4. Two ( 2 )  Accelerometers,  " 3 G " ,  i n s t a l l e d  on Tares  f o r o s o i l l a t i o n ,  

5. Solenoid O s c i l l a t i n g  Device. 
6 .  Plumb Bob Attached t o  50 F t .  Tape. 
7. Hoist .  

Quick Look and Permenant Record. 

B. TEST CONDUCTED AT THE FOLLOWING ALTITUDE: 
A l t i t u d e  Pres  s u r  e Temperature 
Sea Level 760 mmHg 530°R 

C. TEST SET-UP PROCEDUFiE FOR TEST NO. 1 
1. 

2. 
3. 

4. 

5 : 

6. 
7. 

9. 

10. 

a. 

11. 

Assemble Frame and Suspend Approximately One (1) F t .  Above 
Floor  I n s i d e  Sphere. 
At tach  Parawing t o  Frame. 
Attach Harness t o  Hois t  and L i f t  Parawing t o  F ive  ( 5 )  F t .  
Above Floor .  
Measure P o i n t s  on Parswing t o  F loor  f o r  Keel Angle. 
( a )  FWD Keel t o  F loor  4 1  inches  
( b )  AFT Keel t o  F loor  72 inches  
( c )  Angle of Keel t o  F loo r  9'17' 
Hois t  Assembly t o  Top of Sphere and I n s t a l l  Tares ;  6 F t .  Ex t . ,  
Set-up C ,  Lower Knife Edge. 
I n s t a l l  Accelerometers,  ( two) ,  on Tares .  
I n s t a l l  O s c i l l a t i n g  Device and P u l l  Line.  
Tes t  O s c i l l a t i o n  of Pendulum i n  P i t c h  Plane.  
Drop Plumb Line and Measure Dis tance  From Knife Edge t o  Frame, 

P u l l  Assembly AFT Three (3)  Fee t  w i t h  Solenoid O s c i l l a t i n g  Device, 
Hold P o s i t i o n  u n t i l  S e t t l e d  and Steady. Release and After  a 
Smooth Swing i s  Noted, Two people wi th  Stop-LVatches t ake  Cycle 
Counts. 
Repeat No. 10 f o r  Three (3)  Tes t s .  

33.516 F t .  

Run Osci l lograph  Reoords one minute a t  .25"/sec. 
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33.516 FT. 
PLUM LINE 

30.907 FT. 

LINE 

PITCH 
F I G U R E  10.- PITCH PENDULUM, 6 FT, LOWER K N I F E  EDGE, 24 FT S I N G L E  KEEL PARAWING, MODEL 2 

* -cc 

' i  
3 
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TEST NO. 

ALTITUDE 

TABLE 1 
24 FT. SINGLE KEEL 

FARAWINO, MODEL 2 
SKROUD LINES, & HARNiSS, 

T K E S  d FRAME I N  60 FT. SPiiBRE 
PENDULUIVi TEST 

STOP WATCH RECORD 
P ITC 14 

1-6 FT. EXT. OSC RECORD NO. 7875 t o  78 

Sea Leve l  PRESSURE 760 mHg 

STOP WATCH 
NO. L J M  

33.2 sec 

33.0 

P ITC H 

NO. 2MH 

33.2 seo 

33. 1 

33.1 

33.1 11 
33.1 II 

~ 

138.7 
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TABLE 2 
24 FT SINGLE KEEL PARAWING, 

MODEL 2 ,  INERTIA TESTS 

07875 
Tes t  No. l-, Run No. 76,77,78,  . Date 10/10/68 

Wing ._-. NV 2 4 '  Single  K ,  Mod? P i t c h  Pend. 6 F t .  

P re s s .  -760 mmH_g_. .Ut. --- S. L. Time Scale Factor  4 .0  s e c / i n  -.- 

Temp. 70°F Amplitude Factor  2.141 dx/in - 
. . . . . . . . . . . .  ............... . .  1 

. . . .  ...... 

....... .......... ........ 

! 

PEAKS 

i 

.680 ' 1.9 i 

i 
! 
i 

0 

i 
1 .495 .?28 

. ........ ......... .. ... - .  t .--- i 
? 

2 .375 i ,551 i 

i 

I 

I 1 i 

I .441 
i 
! 3 .300 

1 ........ _I_I' I.__. ____-_-- 
f 
I I 4 ,245 1 ,360 

I r 
I I i - .  -c - 

i 

I 1 i 

.441 i 3 .300 
1 ........ _I_I' I.__. ____-_-- 

f 
I I 4 ,245 1 ,360 

I r 
I I i t I i 5 ,208 .305 i 

i 

. . . . . .  . i _I___- 

! --- ; 
i i 

! 
1 

6 .175 .257 

.145 i ,213 n 

8 

9 

i 

. -------&- .- I 

I i 
10 

----- _.-..A__ - -  . 

Time f o r  n cyc le s  = 11.52 i n  = 46.08 sec  

n =  7 

T = 6.583 sec /cyc le  
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SECTION 8 
PENDULUM TEST NO. 2 

OUTLINE 

Pendulum T e s t  - 24 F t  S ing le  Keel Parawing, Model 2 ,  Shroud L i n e s ,  
Harness, Frame, and Tares.  

ROLL INERTIA " 6  FT" EXT TARES 
(F igure  11) 

A. EQUIPMENT 
1. F i n  - 75 inch  diameter .  (Figure 7 )  
2. All o t h e r  equipment t o  be t h e  same as f o r  T e s t  No. 1. 

9. TEST CONDUCTED AT THE FOLLOWING ALTITUDES: 
A l t i t ude  
Sea Level 760 mmHg 5 30 O R  

Pressu r  e T e mp e r a t ur e 

C. TEST SET-UP PRKEDURE FOR TEST NO. 2 
1. Add f i n  per Figure 7. 
2. 

3. Relocate  p u l l  l i n e  a t  bottom of parawing. 
4. Same as f o r  T e s t  No. 1. 

I i s ta te  pendulum assembly 90' a t  a t t a c k  p o i n t  w i t h  base 
on k n i f e  edge. 
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----.....-._. 
--=.._. 

---- . 
.._ -- -"- 

1 L 
- ROTATE PEUDULUM - .  

AT THIS SURFACE 
3 / ,r- LOWER KRTIFE 

i 
I 

-- 
1.732 FT. 

C.G. TARES 
WT. 16.382 LBS. 
iT 

EDGE 

-7 I 1 

i 

\. 

\ \ 

i \ \ 

I 
30.907 FT. 

24 FT. SINGLE 
KEEL CONTRACTORS 

WT. 25.9 LES 

OSCILLATING 

C.G. FRAME 
ROLL WT. 23.45 LEE. 

FIGURE 11 - ROLL PENDULUM, 6FT. EXT., LOWEX KNIFE EDGE, 
24 FT. SINGLE KEEL PARAWING, MODEL 2 
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TEST XC. 2-5F t .  Ext .  

ALTITUDE Sea Leve l  

TZST NO. 

TABLE 3 
24 FT. SIXGLZ KEEL 

PARAWING, MODEL 2 
SIBOUD LIi\JES, 9 XAiiXdSS, 

TARES, & FR&@ IN 50 FT. SP3:KE 
PElJDiJLUM TEST 

STOF iYATCH R E C k D  
3 CLL 

CYCLES 

OSC. ZECORD NO. 7880 t o  83 ?LOLL 

rn-7 r PRESSURE 760 mmHg I l!,hiPEiAT-URi3 5 30'' 3 

STOP IVATCH 
Ho . 1 J I J  

STOP NATCH 
!io. 2:IH 

I 2 1 3  
24.2 24.2 

24.6 I 24.3 // 

8.9 



TABLE 4 
24 FT SINGLE KEEL PARAWING, 

MODEL 2 ,  INERTIA TESTS 
07880 

Test No. 2 , Run No. 81,82,83 Date 10/10/68 

Wing NV 24' Single K , Mode Roll Pend. 6 F t .  

Press.  760 mmHg , A l t .  S. L. , Time Scale Factor 4.0 sec/in 

Temp. 70°F , Amplitude Factor 2.141 deg/in 

I - I - - -  

i- 
~ 

^ ^  ... . 

- ... . - . 
.218 

I__ 

.083 .163 

3 

4 

Time f o r  n cycles  ~ 1 0 . 3 0  i n  '= 41.21 sec 

T = 8.24 sec/cgcle  
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SECTION 9 

TEST DATA AND INERTIAS 

This  s e c t i o n  c o n t a i n s  t h e  per iod and i n e r t i a  summary f o r  both pendulum 
tes ts  conducted i n  t h e  60 f t .  sphere.  Table 5 r e c o r d s  a l l  environmental  
d a t a :  d a t e ,  p r e s s u r e ,  temperature ,  d e n s i t y ,  and moisture  con ten t  of a i r ,  
r e l a t e d  t o  each t e s t .  The t a b l e  a l s o  r e c o r d s  t h e  fo l lowing  i n e r t i a s :  

1. I n e r t i a  of pendulum a t  t h e  k n i f e  edge 
2. I n e r t i a  of Parawing a t  t h e  k n i f e  edge 
3. I n e r t i a  of Parawing a t  t h e  c e n t e r  of g r a v i t y  
4. I n e r t i a  of Parawing a t  t h e  ha rness  

Sample c a l c u l a t i o n s  a r e  shown f o r  computing d e n s i t y  and i n e r t i a  f o r  
Tes t  No .  2 ,  r o l l ,  ( 6  f t .  ex t .  tares).  The methods apply f o r  a l l  compound 
pendulum tests. Yaw i n e r t i a  was est imated u s i n g  t h e  s e a  l e v e l  per iod 
f o r  t h e  24 f t .  S ing le  Keel Parawing i n  Report No. 1 and t h e  mass and 
c e n t e r  of g r a v i t y  o f  model 2. The a c t u a l  yaw period may be less than  
shown r e s u l t i n g  i n  a lower i n e r t i a  a t  t h e  harness .  

The average cu rves ,  F igu re  1 2 ( a >  and 1 2 ( b ) ,  r eco rd  t h e  c a l c u l a t e d  p o i n t s  
a t  760 mmHg p r e s s u r e  f o r  t h e  model 2 parawing. The s o l i d  l i n e s  a r e  t h e  
average curves i n  p i t c h  and r o l l  a x i s  f o r  t h e  model 1 parawing taken 
from Report No. 1. The d o t t e d  l i n e s  a r e  t h e  est imated i n e r t i a  vs  d e n s i t y  
average curve f o r  model 2. 

The i n e r t i a  c a l c u l a t i o n  a t  t h e  ha rness  end a r e  t aken  where t h e  h a r n e s s l o o p  is  
l o c a t e d  ( s e e  Fig.  20). 
i n s t e a d  of t h e  conf luen t  po in t  because it is intended t h a t  t h e  i n e r t i a  
of t h e  e n t i r e  wing assembly be made r e s d i l y  a v a i l a b l e  f o r  u se  i n  d a t a  
a n a l y s i s .  It should be noted,  t h a t  t h e  plumb l i n e  is  t h e  v e r t i c a l  r e f e r e n c e  
for t h e s e  r e s u l t s .  
c e n t e r  of g r a v i t y  of t h e  wing was r o t a t e d  only 48 minutes counter  clockwise 
from t h e , p o i n t  of t h e  plumb l i n e .  

This  r e s u l t  was confirmed by 
was s e t  up by t h e  F l e x i b l e  Wing Sec t ion  of F u l l  Scale  Research Div i s ion  
f o r  t h e  c a l c u l a t i o n  of i n e r t i a s  i n  a vacuum. 

This  t i e  down po in t  was s e l e c t e d  for t h e  i n e r t i a s  

C a l c u l a t i o n  showed t h a t  t h e  v e r t i c a l  a x i s  through t h e  

This  g ives  a va lue  of Ixz of about 
-1.3 s l u g s . f t 2 .  an  a n a l y t i c a l  program which 

A l l  t a r e s  a r e  s u b t r a c t e d  from t h e  summary d a t a  except f o r  t h e  apparent  
masses a s s o c i a t e d  w i t h  t h e  s t a b i l i z i n g  f i n  of t h e  r o l l  t es t  and f o r  t h e  
t r a n s f e r  of t rapped a i r  i n e r t i a  of t h e  wing from t h e  pendulum k n i f e  edge 
t o  t h e  harness  r e f e r e n c e .  The t rapped a i r  i n e r t i a s  a r e  approximately 
equal  t o  those  f o r  model 1 ( ref .  1 )  s i n c e  both wings were s imular .  This 
l a t t e r  c o r r e c t i o n  is  out  of t h e  scope of t h i s  paper and, t h e r e f o r e ,  has 
not  been made. 

The i n e r t i a  e s t i m a t e s  i n  f i g u r e  l 2 ( a )  and 12(b)  were ex t r apo la t ed  
approximately 18,000 f t .  a l t i t u d e  only.  Another t e s t  point  should be 
e s t a b l i s h e d  i n  t h e  lower d e n s i t y  environment be fo re  t h e  est imated 
i n e r t i a  curves  can be completed w i t h  any degree o f  accuracy. 
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Sample Calculations Pendulum Test No. 2 ,  Roll 

1. Density 
Given : 

1. Pressure -- 760 mmHg 
2. Temperature = 33O0R2 
3. RAm = 1715 FT /sec O R  

Find : Density 

Formula : 
2 @ =  Pressure #/Ft 

p ~ 760 x 2.7844611715 x 530'R 

? -= .00232816 slugs/f t 

/ R ~ t , * / s e c ~  OR 

3 

2. Density Altitude E 700 feet. 

i 
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Sample Calcualations Pendulum Test No. 2, R o l l  

I n e r t i a s :  (Figure 11) 
Given: 

Weights 
Parawing Weight 25 l b s .  
Frame Weight 23.45 lbs. 
Tares Weight 16.3822 l b s .  
Fin Weight ,5467 lbs. 
Combination Weight 66.2789 lbs .  

Length o f  Knife Edge 
Parawing C.G.  t o  K.E. 25.827 F t  
Frame C.G. t o  K.E. 30.907 F t  
Fin C.G. t o  K.E. 28.2656 F t  
Parawing C.G. t o  Harness 15.167 F t  
Combination C . G .  t o  K.E. 2.6885 Ft 

R o l l  I n e r t i a  
11 I" 20.3949 s lug  f t2 

FRAME C.G. n 

I t  I" 4.69325 s l u g s * f t G  
TARES K.E. - 

I 1  I" 
F I N  C.G. 

.04490 s lugs  f t': 

Period Based on Oscillograph Record 
Period "T" 8.24 sec/cyc 

"TI1 67.8976 sec/oyc 

I 
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Sample Caloulat ions Pendulum Test  No. 2 ,  R o l l  
(Continued) 

Find: @I Sea Level Alt i tude f o r  R o l l  Axis 

1. 
2. 
3. 
4. 
5. 
6. 

1. 

2. 

3 .  

4. 

5. 

Fin  i n e r t i a  a t  k n i f e  edge 
Frame i n e r t i a  a t  k n i f e  edge 
Pendulum i n e r t i a  a t  k n i f e  edge 
Parawing i n e r t i a  a t  k n i f e  edge 
Parawing i n e r t i a  a t  cen te r  of gravi ty  
Parawing i n e r t i a  a t  harness end. 

Fin I n e r t i a  a t  Knife Edge ( R o l l )  

= 716.915178 s l u g s ' f t 2  11 Til .L 

FRUdZ K.E. 

Pendulum I n e r t i a  a t  Knife Edge 
WLT2 

"'"PEND K,E. = afi': 
(66I2789) (21.689) ( 8.24)2 

1 ' 1 1 ' ~ ~ ~ ~  K. E.= 39.478 

'""PEND K.E.- - 2472.37 s l u g s - f t 2  

PARAWING INJIRTIA AT KNIFE EDGE 
I I  1" - " I l l  

WING K.E. = "I"PEND K.E. 
11 I" = 2472.374 - 4.693 - 716.9152 - 12.6824 

WING K. E. 

TARES K.E. -   FRAME K.E. - " '"FIN K.E. 

Parawing I n e r t i a  a t  Center o f  Gravity 
11 I" I 1  I" - g (nL)2 

WING C.G. = WING K.E. e: n 

= 1738.08 - 25*9 -(25.827)' 
1 1 1 1 1 ~ ~ ~ ~  C.G. 32.16 
I 1  I" = 1200.89 s l u g s * f t 2  WING C.G. 
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6. Parawinp: I n e r t i a  a t  Harness 
Y "I" - 11 p + -  w (ALH)2 

WING H -  WING C.G. 9 

(15. 167)2 
2 

25.9 = 1200.89 + - "'"WING H 32.16 
1386.19 slugsnft "'"WING H = 

9.4 
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SECTION 10 

DISCUSSION OF ACCURACY 

A. The accuracy of measurements r e l a t i v e  t o  mean va lues  are es t ima ted  
t o  be  as fo l lows:  

1. Center  of g r a v i t y  l o c a t i o n  .166 f t .  
2. Stop watch per iod  (5  c y c l e s )  .1 sec lcyc .  
3. Osci l lograph  record  per iod  ( 7  c y c l e s )  .05 sec/cyc.  
4. Moment of i n e r t i a  about  k n i f e  edge 20 s l u g s .  f t 2  
5. Moment of i n e r t i a  about  ha rness  20 s l u g s .  f t 2  
6. Moment of i n e r t i a  about  c e n t e r  of g r a v i t y  20 s l u g s  - f t 2  
7. Sphere p r e s s u r e  2% 
8. Sphere tempera ture  2% 

B. The i n e r t i a  c a l c u l a t i o n s  are based on t h e  parawing k e e l  ang le  of 
9' 17 '  w i t h  t h e  h o r i z o n t a l .  
d i f f e r e n t ,  t hen  t h e  i n e r t i a s  should be r o t a t e d  t o  o b t a i n  t h e  
c o r r e c t  f l i g h t  d a t a .  

If t h e  a c c r u a l  f l i g h t  angle  is 

Cross products  of i n e r t i a ,  Ixz, are r e q u i r e d  t o  a c c u r a t e l y  r o t a t e  
the r e f e r e n c e  a x i s .  The c ross -products  were c a l c u l a t e d  f o r  
vacuum cond i t ions  and a re  be l ieved  q u i t e  a c c u r a t e ,  s i n c e  good 
agreement w a s  ob ta ined  between t h e  measured and c a l c u l a t e d  
moments o f  i n e r t i a  i n  p i t c h ,  roll, and yaw f o r  no a i r .  
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SECTION 11 

The data contained i n  t h i s  r e p o r t  is  recorded i n  Engl ish 
u n i t s .  Table 6 shows the  da t a  converted i n t o  metric 
un i t s .  
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TABLE 6 

(OF) Fahrenheit 

6 90 

70' 

DATA CONVERSION FROM ENGLISH SYSTEM 
TO MmRIC SYSTEN 

(OR) Rankine (OK) Kelvin (OC) Centigrade 

529' 38.33" 20.550 

530' 38.89' 21.110 

(a) Temperature 

Gage Reading 

Related Altitude 
Ft. W g  

760 Sea Level 

I Ehglish System I1 Metric System 

Metric System 

Newtons/Meters 2 Related Altitude 

101,323.6 Sea Level 

Meters 

1 I 

.00232816 700 1.1998477 

.00233202 700 1.20118741 
I 

(b) Pressure 

I 
Related Altitude I 

Meters I 

213.5 

213.5 
L 4 

( c )  Density 

Related Altitude I F t .  
Slugs/Ft3 
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