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1. INTRODUCTION 

1. 1 Background 

Isogrid i s  an efficient integrally stiffened waffle type construction 
in which the stiffeners a r e  arranged in an isosceles triangular pattern rather 
that the rectangular grid pattern of conventional waffle structures. Analysis 
and test data indicate isogrid structures generally tend to be somewhat lighter 
than equivalent strength waffle o r  skin/stringer structures. However, to 
utilize isogrid to i ts  maximum efficiency, accurate prediction of failure loads 
i s  required. Local and general instability compression failure modes a r e  of 
primary interest.  Isogrid element crippling and buckling loads can be ac- 
curately predicted with current analytical techniques. However, as  for other 
compression critical s tructures,  a wide disparity may exist between general 
instability failure loads a s  predicted by theory and measured by test.  It is  
thus necessary to test full scale structural elements to determine and eval- 
uate empirical correction o r  "knock down" factors which can be applied to 
theory to accurately predict general instability failure. 

Most of the ear ly  isogrid work was performed by McDonnell Douglas 
Astronautics Company on blade stiffened stable skin designs applied to cylin- 
drical structures. To improve the structural efficiency of isogrid, the Convair 
Aerospace Division of General Dynamics has developed isogrid designs with 
flanged stiffeners which permit skin buckling in compression a t  low load levels 
in a manner similar to conventional skin-stringer designs. Many applications 
of isogrid to structures other than cylindrical shells have been identified. 

Specifically, several potential applications of isogrid to conical 
structures have been identified in current launch vehicle and Tug studies. To 
demonstrate the feasibility of applying isogrid to conical structures Convair 
Aerospace designed and manufactured a full scale (10 ft diameter) flanged iso- 
grid conical adapter similar in configuration to the D- 1 Centaur equipment 
module. This adapter was then tested by Convair Aerospace under the subject 
NASA MSFC contract to evaluate the response of the conical isogrid structure 
tovarious combinationsof bending and axial compression loading and to deter- 
mine if current analysis technique s and "knock down" factors developed for 
cylindrical isogrid structures can be used to accurately predict the conical 
isogrid structural capability. 

1 .2  Purpose and Scope 

The conical isogrid test  program was designed to (a) evaluate the 
response of the conical isogrid structure to various combinations of bending 





and axial compression loading, and (b) establish the ultimate capability of 
the structure in compression for comparison with analytical predictions. 

The test  program was divided into two phases. The f i r s t  phase 
consisted of a ser ies  of survey tests using five different combinations of 
axial and bending loads. Survey test loads were selectedso that s t resses  in 
the structure remained in the elastic region. The Centaur D- 1 equipment 
module design loads, which are  representative of typical current launch 
vehicle and Tug requirements, were used as  the basis for these survey test 
loads.. 

After completion of the survey tests the isogrid adapter was tested 
to failure in compression. 

1 .3  Description of Test Article 

The test  article (Figure 1.3-1) was a flanged isogrid 45' conical 
frustum 30 inches high with a 120 in diameter base. The structure was fab- 
ricated from six gore segments machined in the flat from 2024-T35 1 aluminum 
plate, brake formed to the proper contour and then aged to the T851 temper. 

A typical gore segment i s  shown in Figure 1.3-2. The gore segments 
were joined along their longitudinal edges by inside and outside splice plates 
which maintain panel-to-panel structural continuity between grid members. 
The splices were segmented to avoid hard points at  the longitudinal joints. 
Flanged pocketed transition sections at  the fore and aft adapter interfaces were 
designed to redistribute flange loads into the basic isogrid structure. One 
pocket was machined at each of the flange bolt locations. The conical adapter 
design details a r e  shown in Figure 1. 3-3. 

To accurately correlate test results with analysis i t  was necessary 
to measure and record the actual detail dimensions of the test specimen after 
fabrication. Inspection records a r e  tabulated in Figure 1. 3-4. Due to machin- 
ing difficulties several of the panels had undersize and damaged areas  which 
required repairs .  These repaired areas  a r e  also indicated in Figure 1. 3-4. 
The center of the best panel was selected a s  the point of maximum compressive 
test loading (0' point in Figure 1. 3-4). 

1 . 4  Test  Set-Up 

Tests were conducted at the Convair Aerospace Structures Test 
Facilities (Building 52) in San Diego, California. The overall test set-up is  
shown in Figure 1 .4-  1. 
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1.4. 1 Load Application Fixtures 

Two steel load application fixtures were fabricated to apply test  
loads to the conical isogrid adapter. Since the adapter was tested in an in- 
verted position, the lower loading fixture, which consists of a 60-inch dia- 
mete r  by l inch thick by 18 inch high steel cylinder welded to two 12 W F  
106 steel beams, was bolted to the 60 inch diameter adapter interface. A 
ring frame was provided at  the adapter to tes t  fixture interface to react  the 
radial kick loads from the 45 degree conical adapter to cylindrical fixture 
transition. 

The upper loading fixture consisted of a 120 inch diameter by 1 inch 
thick by 20 inch high steel cylinder welded to a 124 inch square loading frame 
made of 8 inch by 318 inch wall square tubing. Loading cylinder clevis attach- 
ments were provided a t  the four corners of the loading frame. A ring frame 
was provided a t  the adapter interface to react  the radial kick loads from the 
conical adapter to cylindrical fixture transition. Design details of the loading 
fixtures a r e  shown in Figure 1.4-2. 

1 .4 .2  Loadingsubsystem 

Four hydraulic cylinders and load cells were installed to provide test 
loads and load measuring capability. An additional load cylinder was used to 
relieve the lg dead weight of the 120 inch diameter test  fixture and the asso- 
ciated hydraulic cylinders and load cells. An Edison Load Maintainer was 
used to control the loading and dead weight hydraulic cylinders. 

1 .5  Instrumentation 

1. 5. 1 Strain Gages 

Forty axial s train gages were installed at  the locations shown in 
Figure 1. 5-1. Gages S-1 thru S-38 were mounted in pairs  on the isogrid 
stiffeners and were oriented along the stiffener axis. Gages S-39 and 5-40 
were applied to two skin panel repair patches. These two gages were oriented 
in the loading direction. 

1. 5 .2  Deflection Transducers 

Ten electrical deflection transducers (D-1 thru D-10) capable of . 001 
in resolution were mounted normal to the conical adapter surface at  the loca- 
tions shown in Figure l. 5-1. Four deflection transducers (D-11 thru D-14) 
were mounted inboard of the four load points to measure axial deflections. 
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1.5.  3 Load Cells 

Four load cells were used to measure loads applied to the test  
specimen by the four hydraulic load cylinders. Locations of the four load 
cells, designated LD1 thru LD4, a r e  shown in  Figure 1. 5- 1. 

1. 5 . 4  Test Data Recording and Print  Out 

All data were recorded on magnetic tape using a high-speed record- 
ing system. Data were printed out in digital form and corrected to engineering 
units on a high speed printer. Data were printed out in the following units: 
deflections in 10-3 inches, loads in pounds and strains in micro-inches per 
inch. Plus indicates hydraulic ram tension load, specimen tension strain, 
specimen outward radial movement and lengthening in the axial direction. 

1. 6 Test Loads 

The f i rs t  phase of testing consisted of a se r ies  of survey tests using 
five different combinations of axial and bending loads. 

Survey test  loads were based on the maximum design loads applied 
to the D-1 Centaur equipment module by a 4000 lb payload mounted on the 
equipment module. For the five survey test  conditions maximum loading was 
limited to the equipment module design loads shown in Table 1. 6-1. Since 
the test bending moments were not shear induced the test  loading along the 
adapter for  a given loading condition did not match the design load variation 
exactly. This was not considered significant since the total test loads enve- 
lope closely matched the design loading distribution. 

A full range of combined loading conditions, from pure bending to 
pure compression, was desired. However, test  set-up limitations precluded 
running of a pure bending case. The five conditions shown in Table 1. 6-2 
were therefore selected for the survey tests.  Maximum survey test loads 
applied to the conical isogrid adapter by the four hydraulic loading cylinders 
a r e  shown in Table 1.6-3.  Load cylinder orientation i s  shown in Figure 1. 6- 1. 

After completion of the survey tests,  the adapter was loaded to failure. 
A combined axial and bending loading condition based on survey test  condition 
C2 was selected for the ultimate test for the following reasons: 

(a) Several of the panels making up the isogrid adapter had under- 
size a reas  and repairs  due to machining e r r o r s .  To ensure 
failure did not occur in one of these panels i t  was desirable to 
concentrate maximum compression loading a t  the center of the 
best panel. 

Preceding page blank 1 1-13 





TABLE 1.6-1 D-1 EQUIPMENT MODULE DESIGN LIMIT LOADING 

NOTE: Loads shown a r e  for a 4000 lb  payload mounted on 
the equipment module. Loads do not inclde the effects  a l  
fairing helper springs or equipment mounted on the module. 

r 

M 
(In lb)  
P 
(lb) 
Nx 

(lblin) 

TABLE 1.6-2 ISOGRID CONICAL ADAPTER TEST LOADS 

TABLE 1.6-3 ISOGRID CONICAL ADAPTER TEST CYLINDER LOADS 

Comprcmslon Ca.o 

Load 
Cond 

C1 

C2  

C3 

C 4  

C 5  

Note.: IT) = Tension cylinder Load. (C) . Comprao8lon cyllnder load 
Tendon  cylinder load producso compraoalon i n  loogrid adapter. 

Tannion a 8 0  

Top 

.442x106 

24.000 

284.0 

'-I7 p&gjmNG PAGE BLANK NOT 

Bottom 

. 9 k 1 0 6  

0 

-81.4 

Middle 

. s2rx.iab 

24.000 

166.7 

To6 

. 6 ~ ~ 1 0 6  

0 

-240.0 

Applled L o a d l q  

Bottom 

.59ario6 

24.000 

116.5 

Middle 

. aox106 

0 - 

- -126.0 

Deacrlption 

Max Bending 
(max tension) 

75% bending 

50;o bending 

25% bending 

Max axial 

Maximum Llna Loading (Iblln) 

Axial 
(Ib) 

11.350 

15.500 

31.000 

38.000 

44.000 -- 

Comp Side (oO) Bending 
(in lbl 

.63x106 

. 5 1 x 1 0 ~  

. 3 4 x 1 0 ~  

. 1 7 x 1 0 ~  

0 

- 
Top 

283.0 

262.6 

284.7 

261.7 

233.4 

Tension Side ( 1 8 0 ~ )  

Top 

-162.6 

-98. 1 

44.2 

141.5 

233.4 

hliddie 

139.2 

135.0 

163.1 

161.1 

155.6 

Bottom 

85.8 

86.2 

112. 3 

115.8 

116.7 

Middle 

-58.9 

-25. 3 

56. 2 

107.7 

155.6 

Bottom 

-25.6 

-4. 0 

52.2 

85.8 

.116.7 



CYLINDER 4 2  

CYLINDER # 3 i 

I 
LOAD 

CYLINDERS '- CYLINDERS 
# 3 &  14 If1 & #2 

(b) F o r  a pure bending condition the 60 inch  d i ame te r  adapter 
to  t e s t  f ixture interface joint tension capability would be 
exceeded p r io r  to failing the adapter  i n  compression.  

( c )  The combined loading condition i s  m o r e  representat ive of 
actual  loading experienced by typical launch vehicle and 
Tug s t ruc tu res .  

By ana lys i s  of the isogrid adapter ,  the ult imate fa i lure  load was 

predicted to  be 40070 of the survey tes t  condition C2 loading. 

1.7 T e s t  P rocedure  

Following a shakedown run  to 2570 of the Condition 1 maximum loading, 
the 60 inch d iameter  flange on the t e s t  f ixture (F igu re  1.4-1) was filled with 
"toolstone", a hard  tooling cement,  to evaluate the effects of increased  edge 
fixity on s t r e s s e s  and deflections. Three  runs  were  made with the toolstone 
in place. The toolstone was then removed for the remainder  of the testing. 

A total  of 14 t e s t  runs,  summar ized  in Table 1.7-1, were  made. 
F o r  each run  loading was  varied f rom ze ro  to  maximum in  1070 increments .  
All instrumentation output was recorded  a t  each loading increment.  Except 
a s  noted, the maximum compress ive  loading was applied along the "0°" ax is  
a s  denoted in  F igu re  1. 5-1. 

F o r  the ult imate condition C -2F  ( r u n s  13 and 13A), loading was  
periodically reduced to  40% and data recorded  t o  evaluate res idual  s t r a in  a s  
a m e a s u r e  of yielding of the s t ructure .  

1-18 



TABLE 1 .7 -1  

CONICAL ISOGRID ADAPTER TEST SEQUENCE 

NOTE: SEE TABLES 1 .6-2  AND 1 .6 -3  FOR DEFINITION O F  LOADING CONDITIONS. 

RUN 
NO. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 
13A 

TEST 
COND. 

C 1 
C 5 
C 3 
C 1 
C 5 
C 2 
C 4 
C 3 
C 1 
C 1 
C 1 
C 1 
C 2 
C 2 

TYPE 
TEST 

SURVEY 

I 

? 
SURVEY 
ULT. 
ULT. 

LOAD - % 
MAX COND. 

100 
8 0 

100 

I 
100 
70 

338 
555 

DESIG. 

C 1 
C5 
C3 
C 1 
C5-2 
CZ-  1 
C4- 1 
C3-2 
C1-3 
C1-90 
C1-180 
C1-270 
CZ-F 
C2-F 

REMARKS 

Toolstone removed for  run  4 and on. 
Axial deflection gages relocated for run  5 and on. 

0 M a x c o m p r e s s i o n l o a d a t 9 0  ( F i g u r e 1 . 5 - 1 ) .  
Max compression load at 180' (F igure  1.5-1) .  
Max compression load a t  270' (Figure 1. 5-1). 
Stopped to adjust  Edison Load Maintainer.  
Specimen failed a t  555% of Cond C2. 



2. TEST RESULTS AND ANALYSIS 

2.1 Survey T e s t  Resul ts  

S t ra in  and deflection data recorded  during the 12 survey t e s t  runs  
a r e  presented in Appendix A-1. Table 1 .7-1 defines the applicable loading 
condition for  each run. Inst rumentat ion locations a r e  defined in  F igu re  1.5-1. 

To help evaluate response  of the s t ruc tu re  to  var ious  types of loading, 
s t r a in s  f r o m  a represen ta t ive  run  for  each  of the five loading conditions 
were  plotted ve r sus  percent  load i n  F i g u r e s  2.1-1 thru 2.1-5. S t ra in  gages 
a r e  grouped a t  angular locations of 0°, 6O, la0,  42O, 66O, 174O, 330° and 354O 
around the c i rcumference  of the adapter  (F igu re  1. 5-1). Each  graph plots 
data f r o m  4 o r  6 s t r a i n  gages grouped a t  the specified angular locations. 

Axial deflections measu red  a t  the four loading points a r e  plotted 
ve r sus  percent  load in  F i g u r e s  2.1-6 th ru  2.1-12 for  each of the five survey 
loading conditions (C 1 th ru  C 5) and conditions C 1-90 and C 1 - 180. 

P o l a r  plots of deflections measu red  normal  to the conical adapter 
su r f ace  a t  approximate mid height of the adapter  a r e  presented in F igu res  
2.1-13 thru 2.1-19. Deflections a r e  plotted a t  50% and 100% load f o r  each 
of the five survey  loading conditions, (C1 thru  C5) and conditions C1-90 
and C1-180. 

2.2 Ultimate T e s t  Resul t s  

S t ra in  and deflection data recorded  during the ult imate t e s t  a r e  
presented in Appendix A-2. Tes t  condition C2 a s  defined i n  Tables  1.6-2 
and 1. 6-3 was selected a s  the bas i s  for  the ult imate tes t  loads.  Ins t rumen-  
tation locations a r e  defined in  F igu re  1. 5-  1. The initial ult imate t e s t  run  
( r u n  13) was terminated a t  338% of condition C2 loading to  adjust  the capacity 
of the Edison Load Maintainer sys tem.  After adjusting the sys t em the t e s t  
was r e r u n  to fa i lure  (Run 13A). The t e s t  specimen failed a t  55570 of the 
condition 2 loading. Calculated loads a t  fa i lure  a r e  summar ized  below: 

Applied Moment = 2 .  83 x l o6  in  l b  
Applied Axial Load = 86025 l b  
Equivalent N x  max (60 in  dia) = 1457 l b l i n  
Equivalent Nx max (120 in dia)  = 478 l b l i n  

S t ra ins  measu red  during run 13A a r e  plotted ve r sus  percent  load 
i n  F igu re  2.2-1. S t ra in  gages  a r e  grouped a t  angular locations of 0°, 6O, 



lEO, 42O, 66O, 174O, 330° and 354' around the circumfere'nce of the adapter  
(F igure  1.5-1). Each  graph plots data f r o m  four  o r  s ix  s t ra in  gages grouped 
a t  the specified angular locations. 

To  help evaluate yielding of the specimen, loads were  periodically 
reduced to 40% of condition C 2  during t e s t  runs 13 and 13A and data recorded. 
Residual s t r a in  a s  a m e a s u r e  of permanent se t  was then calculated by comparing 
the s t r a ins  a t  these  40% increments  with the initial condition C 2  40% load 
increment.  Residual s t r a in  data a r e  plotted in  F igure  2.  2 -2 .  

Axial deflections measured  a t  the four loading points a r e  plotted 
versus  percent load in  F igure  2 . 2  - 3 .  Pola r  plots of deflections measured  
normal  to the conical adapter surface a t  approximate mid height of the adapter 
a r e  presented in F igure  2.2-4. Normal deflections a r e  plotted a t  100% and 
150% of condition C 2  loading. (Normal  deflection pots were  disconnected a t  
160% loading). 



FIGURE 2.1-1 STRAIN MEASUREMENTS -CONDITION C l  (RUN 9 )  

ISOGRID CONICAL AMPTER TEST CONDITION C1 @ 6" 



FIGURE 2.1-1 STRAIN MEASUREMENTS -CONDITION C1 (RUN 9) 
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FIGURE 2.1-1 STRAIN MEASUREMENTS - CONDITION Cl(RUN 9 )  

ISOGRID CONICAL ADAPTER TEST CONDITION C1 @ 64O 
ISOCIRID W M C A L  ADAPTER TEST WNDITION C1 B 174' h 330° 



FIGURE 2.1-1 STRAIN MEASUREMENTS - CONDITION C1 (RUNS) 



. 
FIGURE 2.1-2 STRAIN MEASUREMENTS -CONDITION CZ(RUN 6) . . 

ISOGRID CONICAL ADAPTER TEST CONDITION CZ. @ 6" 



L - l  FIGURE 2.1-2 STRAIN MEASUREMENTS -CONDITION C2(R,UN6) - 

ISffiUlD WMCAL ADAPTER TEST WNDITION CZ. @ la0 ISoCRlD WMCAL ADAFTER TEST WNDIllON CZ @ 42O 

R LOAD 



FIGURE 2.1-2 STRAIN MEASUREMENTS -CONDITION C2(RUN 6) 

ISCGRID CONICAL ADAPTER TEST CONDITION CZ @ 64O 



. FIGURE 2.1-2 STRAIN MEASUREh4ENTS -CONDITION C2(RUN 6 )  

ISOGBID CQMCAL ADAPTER TEST CONDITION CZ @ 354O lSOGRID COMCAL ADAPTER TEST CONOnON CZ @ 354O 

% L0.4D % LOAD 



ISOGRID CONICAL ADAPTER TEST CONDITION C3 @ o0 ' 

:S -CONDITION C3 (RUN 8) 

% LOAD 



rsoGlUD CONICAL ADAPTER TEST CONDITION C3 @ la0 ' 



F I G U R E  2.1-3 S T R A I N  M E A S U R E M E N T S  - C O N D I T I O N  C 3  ( R U N  8) 

ISOGRID CONICAL ADAPTER TEST CONDITION C3 @ 64O ISOCRID CONICAL ADAPTER TEST CONDITION C3 @ 174O h 330° 

% LOAD 



FIGURE 2.1-3 STRAIN MEASUREMENTS -CONDITION C3 (RUN 8) 

ISOGRID CONICAL ADAPTER TEST CONDITION C3 O 3540' 

% LOAD 



FIGURE 2.1-4 STRAIN MEASUREMENTS -CONDITION C4 (RUN 7)  

lSOGRlD COMCAL. ADAPTER TEST CONDITION C4 @ 0' I S f f i R l D  CONICAL ADAPTER TEST CONDITION C4 @ 6' 



F I G U R E  2.1-4 STRAIN MEASUREMENTS -CONDITION C4  (RUN 7) 



.F IGURE 2.1-4STRAIN MEASUREMENTS -CONDITION C4 (RUN71 . . 

ISOCRID CONICAL ADAPTER TEST CONDlTION C4 @ 64' ISOCRID CONICAL ADAPTER TEST CONDITION C4 @ 174O k 330° 

k LOAD I 



F I G U R E  2.1-4 STRAIN M E A S U R E m N T S  -CONDITION C4 (RUN 7)  

ISOGRID W M C A L  ADAPTER TEST CONDITION C4 @ 354O 
ISoGRID WNICAL ADAPTER TEST WNDITION UI @ 354' 

4: LOAD 



FIGURE 2.1-5 STRAIN MEASUREMENTS -CONDITION C5 (RUN 5) 

LSffiRID WNICAL ADAPTER TEST MNDInON C 5 .  @ 6" 

% LOAD i % LOAD 



FIGURE 2.1-5 STRAIN MEASUREMENTS -CONDITION C5 (RUN 5) 

ISOGRlD CONICAL ADAPTER TEST CONMTWN C5 @ 42' 



FIGURE 2.1-5 STRAIN MEASUREMENTS - CONDITION C5 (RUN 5) 

l s m R I D  WMCAL ADAPTER TEST CONWTION ~5 o 64' ISKRID CONICAL ADAPTER TEST CONDITION ~5 B 171° k 330° 
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FIGURE 2.1-5 STRAIN MEASUREMENTS -CONDITION C5 (RUN 5) 



FIGURE 2.1-6 AXIAL DEFLECTION-CONDITION C1 (RUN 9) 
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FIGURE 2.1-7 AXLAL DEFLECTION=CONDITION C1-90(RUN 10) 
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FIGURE. 2.1-10 AXIAL DEFLECTION-CONDITION C3(RUN 8) 

PERCENT LOAD 



FIGURE 2.1-12 AXIAL DEFLECTION -CONDITION C5(RUN 5) 





FIGURE 2.1-14 DEFLECTIONS NORMAL TO SURFACE-CONDITION C1-90(RUN 10) 



FIGURE 2.1-15 DEFLECTIONS NORMAL TO SURFACE-CONDITION C1-180(RUN 11) 

.. - 



FIGURE 2.1-16 DEFLECTIONS NORMAL T O  SURFACE-CONDITION CZ(RUN 6) 



FIGURE 2.1-17 DEFLECTIONS NORMAL TO SURFACE-CONDITION C3(RUN 8) 



F I G U R E  2.1-18 D E F L E C T I O N S  N O R W L  T O  SURFACE-CONDITION C4(RUN 7) 



FIGURE 2.1-19 DEFLECTIONS NORMAL T O  SURFACE-CONDITION - . . - C5(RUN 5) 



FIGURE 2.2-1 STRAIN MEASUREMENTS-CONDITION CZ-F(RUN 13A), 

ISOGBID CONICAL ADAFTER TEST WNmTXON 13A @ 0' 
-10.000 

-9000 

-:1000 

CONDITION CZ 

% LOAD % LOAD 



F I G U R E  2.2-1 STRAIN MEASUREMENTS-CONDITION C2 -F (RUN 13A) 

% LOAD % LOAD 



FIGURE 2.2 -1 STRAIN MEASUREMENTS -CONDITION C2 -F(RUN13A) 
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FIGURE 2.2-1 STRAIN MEASUREMENTS-CONDITION C2-F(RUN 13A) 



, FIGURE 2.2-2 RESIDUAL STRAIN UL 
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FIGURE 2.2-2 RESIDUAL STRAIN ULTIlvLATE T E S T  CONDITION C2-F(RUN 13 & 13A) 
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F I G U R E  2.2-2 RESIDUAL STRAIN U L T I ~ T E  T E S T  CONDITION CZ-F(RUN 13 & 13A) 

% LOAD % LOAD 



F I G U R E  2 .2-2  R E S I D U A L  STRAIN U L T I M A T E  TEST CONDITION C Z - F ( R U N  13 8r 13A) 

ISOCRID CONICAL AMPTEU. T&T CONDITION C2-F B 35d0 



FIGURE 2 .2 -3  
CONICAL ISOGRID ADAPTER TEST 
AXIAL DEFLECTION CONDITION CZ-F (RUN 13A) 
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FIGURE 2.2-4 DEFLECTIONS NORMAL T O  SURFACE ULTIh/LATE CONDITION . ~ C 2 - F  . -~ (RUN 13) . . 



3.0 ANALYSIS OF  TEST RESULTS 

3.1 Comparison of Measured  and Theoret ical  Loading Distribution 

F o r  valid comparison of t e s t  and analysis  r e su l t s  i t  was necessary  
to verify that the t e s t  loading distribution in  the s t ruc ture  matched the 
theoretical  distribution used for  analytical  prediction of fa i lure  loads. This  
was accomplished by converting s t r a in  gage data to equivalent loading intensit ies 
in poundslinch a t  s eve ra l  points around the c i rcumference  and comparing 
these resu l t s  with the corresponding theoret ical  line loading given by : 

Nx = P + M cos  €3 

2 ~ r  r r 2  

Where 
Nx = Load intensity in  direct ion of loading, l b / in  
P = applied axial  load, l b  
M = applied bending moment ,  i n  l b  
r = local rad ius  of curva ture  perpendicular to direct ion of loading, in. 
€3 = circumferent ia l  angle f r o m  point of maximum loading, degrees  

A major  task  in evaluating the measu red  loading distribution was establishing 
the effective st iffener c ross -sec t ion ,  including effective skin, a t  the points 
s t ra ins  w e r e  measured.  Inspection data f rom F igure  1. 3-4 was used to es tabl ish 
the basic  stiffener c ross -sec t ion  dimensions.  Since the skins buckled a t  
relatively low loads seve ra l  methods were  evaluated for  calculating a n  "effective" 
skin width to  be included in the s t i f fener  c r o s s  sectional a rea .  Best resu l t s  
were  obtained using a n  effective width given by: 

where W = effective width of skin on each side of the st iffener,  i n  
ts = skin thickness,  in 
E = Youngs modulus, psi  
Fc= compression s t r e s s  measu red  by s t r a in  gage on skin side of 

st iffener,  psi  

Data f r o m  the ult imate t e s t  condition CZ-F (Run 13A) was  used to evaluate the 
loading distribution. Resul ts  of th i s  compar ison  a t  s eve ra l  points on the 
s t ruc ture  a r e  summar ized  in Table 3. 1-1. 

In genera l  the measu red  and theoret ical  loading distributions ag reed  reasonably 

well ( the average of N, meas/N, theory r a t io s  in Table 3. 1-1 i s  1.04). At 
higher load levels  the peak load intensity (nea r  0') was  somewhat lower than 
the theoret ical  prediction. This  suggests  that t he re  may  have been some load 
redistribution into adjacent panels of the s t ruc tu re  a s  the s t ruc tu re  neared  failure.  



This  p r e m i s e  i s  fur ther  substantiated by a compar ison  of the data at 100% and 
540% loading for  gages 5-2315-24 which a r e  nea r  the point of maximum tension 
(174O). At 100% loading the measured  and theoretical  loading were  in c lose  
agreement .  However, a t  540% the measu red  tension loading i s  a lmost  30% 
higher than theoret ical  suggesting a redistribution of loading away f r o m  the 
point of peak compress ion  s t r e s s .  The individual s t r a in  plots in F igure  
2.2-1 a l s o  indicate a general  "softening" of the s t ruc tu re  and redistribution 
of load near  failure.  



TARLE 3 . 1 - 1  
COMPARISON O F  LIEASURED AND THEORETICAL LOADING DISTRIEUTION 

W 
I 

W 

WTE;. :  
I .  Nx Theory = 2 + Mcoa e 

2 T r  F 
, 7 3 0  , 3 7 5  

2 .  Nx hleasured P s t i ~ f .  o s  4 5 0  
S p a c i n ~  

CROSS-SECTION 



3.2 Comparison of Measured and P red ic t ed  Fa i lu re  Loads 

3.2.1 Damaged Area  Inspection Data 

A post t e s t  analysis  was performed to determine i f  the  measured  
f a i lu re  loads  could be accura te ly  predicted using actual  section propert ies  in 
the failed a r e a s  of the adapter  and cu r ren t  ana lys i s  methods developed for 
cyl indrical  i sogr id  s t ruc tures .  F o r  purposes  of th i s  evaluation only the failed 
a r e a s  i n  panels 1,  2 and 6 were  considered. The damaged a r e a s  result ing 
f r o m  t e s t  specimen fa i lure  a t  ult imate load a r e  shown in F igu res  3.2-1 t h r u  
3.2-5. F igu re  3.2-6 summar izes  the average  c ross -sec t iona l  dimensions 
of the s t ruc ture  in the damaged a r e a s  of panels 1, 2 and 6. This data was 
selected f rom the I sogr id  Conical Adapter Inspection Reference (F igure  1. 3-4). 

3.2.2 Theoret ical  Fa i lu re  Loads Analysis 

The load car ry ing  capability of the t e s t  specimen was evaluated on 
the  bas i s  of general  instabil i ty,  skin buckling, web crippling, flange crippling, 
column buckling and ma te r i a l  (F ) yield propert ies .  Two methods for p re -  

c Y 
dicting isogrid general  instability fa i lure  loads w e r e  used. These were  the 
McDonnell Douglas analysis  f rom Reference 3-1 and the analogy with a skin 
s t r inge r  analysis  (by Becker)  f r o m  Reference 3-2 developed a t  Convair 
Aerospace (Appendix B). Analytical techniques for the other  fa i lure  modes 
a r e  a l s o  descr ibed in References Appendix B. 

The above general  instability analyses  a r e  fo r  cylindrical  shel ls  of 
revolution and mus t  be modified for application to a conical shell of revolution. 
The model a s sumed  for  this modification i s  shown in F igu re  3.2-7. The allow- 
ab le  general  instability edge load intensity,  Ncr, i n  the plane of the conical 
s t ruc tu re  a t  a point 0 i s  computed on the bas i s  of a n  equivalent cylindrical  
shell  rad ius  of R s in  8 a s  defined i n  F igure  3.2-7. 

3.2. 3 Actual Fa i lu re  Loads Analysis 

At the t ime  s t ruc tura l  fa i lure  occurred  in the tes t  specimen it was 
not possible to de te rmine  the point a t  which the init ial  fa i lure  occurred.  I t  
can only be concluded with reasonable  cer ta in ty  that  the fai lure  s ta r ted  some-  
where in the damaged a r e a s  of panels 1, 2 o r  6. 

The applied edge load intensit ies in the damaged a r e a s  a t  the t ime 
of f a i lu re  were  computed using the known overa l l  axial  and bending loads 
applied to the specimen a t  fa i lure  (Moment = 2.83 X lo6  in. lb; Axial Load = 
86025 lb)  and the equation: 

- 
N c r  - 86025 + 2.8_3 X lo6  c o s  @ 

2 7 ~ ~  cos 450 VRL cos  45O 

where  Ncr = Cri t ica l  load intensity in plane of isogrid,  lb/in.  
R = Local  rad ius  of curvature ,  in (See Fig. 3.2-7) 

@ = Circumferent ia l  angle f r o m  point of rnax loading, degrees  



FIGURE 3.2-1 FAILED TEST SPECIMEN- EXTERNAL VLEW 





FIGURE 3-2-3 FAILED TEST SPECIhAEN- PANEL 1 
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FIGURE 3.2-5 FALED TEST SPECIMEN- PANEL 6 



DAMAGED AREA 

P A N E L  
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do 

FIGURE 3 .2 -6  SUMMARY O F  INSPECTION DATA I N  DAMAGED AREAS O F  

CONICAL ISOGRID A D A P T E R  

1 

. 424 

. 083 

. 058 

. 079 

. 043 

. 055 

. 237 

2 
. 4 0 8  
. 044 
. 054 
. 078 
. 033 
. 052 
. 2 3 7  

6 
.415 
. 052 
. 047 
. 077 
. 031 
. 050 
. 2 3 7  

AVERAGE FOR 
P A N E L S  1 , 2  & 6  

. 4 2 4 8  

. 0690 . 

. 0558 

. 0648 
. 0364 
. 0575 
. 2 37 
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F I G U R E  3.2 -7 EQUIVALENT CYLINDER G E O M E T R Y  



This  analysis  i s  based on the assumption of uniform adapter  st iffness which 
may  be in  e r r o r  by up to 15% due to  apparent  variations i n p a n e l  quality ( s e e  
F igu re  1. 3-4). Unequal axial  deflection measu remen t s  (F igu res  2. 1-6 th ru  
2. 1-12 and 2.2-3) and unequal s t ra in  gage readings on symmet r i ca l  gr id  
m e m b e r s  a t  constant station planes tend t o  confirm the p remise  of nonuniform 
stiffness. The  detailed analysis  of section 3. 1, however, shows good ag reemen t  
between the theoretical  loading distribution and the actual measu red  loading 
distribution within the t e s t  specimen. 

3.2.4 Theoret ical  and Actual Fa i lu re  Loads Data Presenta t ion  

F igu res  3.2-8 th ru  3.2-17 present  the theoretical  and calculated 
actual  fa i lure  loads data for  damaged a r e a s  in  panels 1, 2 and 6 a s  descr ibed 
in  F igu re  3.2-6. The theoretical  general  instability allowables in F igu res  
3.2-8 thru 3.2-12 a r e  based on the McDonnell Douglas method of analysis  of 
Reference 3-1. The cu rves  of cr i t ical  load intensity,  Ncr, a r e  a l l  plotted a s  
a function of A ,  the node- to-node spacing in the plane of the isogrid.  

F igu res  3.2-13 thru  3.2-17 present  s imi l a r  data except the general  
instabil i ty allowables a r e  based on the Becker analysis  methodology of 
Appendix B and column buckling allowables a r e  presented in place of the mater ia l  
( F , ~ )  allowables. 

In mos t  c a s e s  c r i t i ca l  loads due to flange and web crippling fall a t  
l eve l s  beyond the chosen ordinant sca les  and therefore  do not appear  in the 
plots. 



3. 6. 9 I2 IS 

fl INCHES 
T:0.036 D:0.60S 5:0.730 W:0.q2S 

U:0.0SB E0.067 6:0.0S6 E:0.06Z 





3. 6. 9. 12. IS. 

R INCHES 
T:0.033 D:0.63'l 5:0.730 W:O.'lOB 

U:0.0r;Z C:0.0'lLI 6:0.0S'l E0.078 



3. 6. 9. 1 1  I E 

R INCHES 
T:0.03 I D:0.628 5:0.730 W:0.L1 I S 

U=0.050 C:0.0SZ 6=0.0'17 E:0.077 



- 
FIGURE 3.2-12 THEORETICAL (McDONNELL DOUGLAS ANALYSIS) 

I V S  ACTUAL CRITICAL LOADS BASED ON ONE O F  THE MINIMUM 

h 9. 12. I S .  

fl INCHES 
T:0.032 D:0.63q 50.730 W:0.'116 

U:0.0S0 C:0.0LI6 6:0.0W E:0.066 



A INCHES 
T:0.036 Dz0.605 50.730 W:0.qZS 

U:0.0SB Cz0.067 6=0.0S6 E: 0.06s 



- 
PIGURE 3.2-14 THEORETICAL (BECKER ANALYSIS) vs 
I ACTUAL CRITICAL LOADS BASED O N  AVERAGE 



3. 6. 9. I2 I E 

R INCHES 
Tz0.033 D:0.63L.I 5:0.730 W:0.L.I08 

U:0.0SZ C:O.OqLi 6:EI.OSL.I Ez0.073 



3. 6. 9. I2 

R INCHES 
T:0.03 I Dz0.628 50.730 W:O.q l S 

U:0.0S0 Cz0.052 8:0.0q7 Ez0.077 



3. E 9. 12 IS. 

R INCHES 
T~0.033 0~0.638 5:0.730 W:0.L120 

U:0.0q9 C:0.0L13 8=0.0'IL1 Ez0.060 



4. CONCLUSIONS 

Six potential f a i lu re  modes  w e r e  considered in the analysis  of 
Section 3.2; skin buckling, ma te r i a l  f s t iffener flange crippling, st iffener 

CY'  
web crippling, column buckling and general  instability. Comparing the 
theoretical  c r i t i ca l  loading fo r  each of these fai lure  modes with the actual  
loading in F igu res  3.2-8 th ru  3.2-17 the mos t  likely fai lure  mode for the 
adapter can be selected.  

4.1 Skin Pane l  Buckling 

The flanged i sogr id  t e s t  specimen was  designed to r eac t  loads and 
maintain stability p r imar i ly  as a resu l t  of the load car ry ing  capabili t ies of 
the integrally machined I-beam c ross - sec t ion  grid members .  Compress ion  
buckling of the t r iangular  skin panels i s  permitted.  As seen  in F i g u r e s  3.2-8 
thru  3.2-17 skin buckling occur s  a t  load intensit ies significantly lower than the 
other theoretical  and actual  loads. This does not constitute s t ruc tura l  fa i lure  
since grid members  can r e a c t  load independent of the buckled s ta te  of the skins. 
Since some load i s  obviously c a r r i e d  by the skins,  an effective width of skin 
i s  included in  the st iffener c r o s s  section when calculating c r i t i ca l  loads for  
other modes of failure.  

4.2 Mater ia l  Fc 

Although inelast ic  buckling of the s t ruc ture  is  possible, a l l  of the 
analysis  methods used a s sumed  elast ic  behavior. Cri t ical  loading based on 
the mater ia l  Fcy was  thus selected a s  a convenient upper l imit  cut-off for 
the theoretical  capability of the s t ruc ture .  Comparing the mater ia l  F 

C Y  allowables with the actual fa i lure  loads in F i g u r e s  3.2-8 thru 3.2-17. l t  i s  
obvious that fa i lure  due to  g r o s s  yielding of the s t ruc ture  can be ruled out. 

4.3 Stiffener Flange and Web Crippling 

Cr i t ica l  loads for s t i f fener  flange and web crippling a r e  so  l a rge  
they fall near  o r  outside the l imi t s  of the plots in F igu res  3.2-8 - 3.2-17. 
I t  can thus be concluded that  fa i lure  was  not precipitated by local crippling 
of the stiffener cross-sect ion.  

4.4 Column Buckling and General  Instabil i ty 

Column buckling and genera l  instabil i ty a r e  the two most  difficult 
fa i lure  modes t o  accura te ly  predict. Because of this and the c loseness  of 
the column buckling and general  instabil i ty cu rves  in F igu res  3.2-13 thru  
3.2-17 possible ambiguities ex is t  a s  to whether fa i lure  of the t e s t  specimen 
was attr ibutable to  general  instabil i ty o r  column buckling. Table 4. 3-1 
summar izes  the possible conclusions obtained f r o m  the comparisons of data 
in  F igu res  3.2-8 th ru  3.2-17 with r e fe rence  to  these fai lure  modes.  



The McDonnell Douglas general  instabil i ty ana lys i s  predicts  c r i t i ca l  
loads approximately 2570 higher than the calculated actual  loads whereas  the 
Becker  ana lys i s  p red ic t s  c r i t i ca l  loads approximately 20% lower  than actual. 
The  theoret ical  column buckling and actual  calculated f a i l u re  loads a r e  i n  
c lose  agreement .  F r o m  this comparison i t  i s  obvious that ,  due to the many 
var iables  such a s  ant ic las t ic  curva ture ,  eccent r ic  loading, sect ion warping, 
and column fixity which cannot be accura te ly  accounted f o r  i n  the analyses ,  e i ther  
column buckling o r  overa l l  general  instabil i ty could have precipitated 
fa i lu re  of the t e s t  specimen. 

The approximate  analytical  methods developed in this r epo r t  a r e  
adequate for  init ial  sizing of conical flanged i sogr id  s t ruc tu re s .  However, 
based on the r e su l t s  of the single t e s t  performed,  the general  instability knock 
down fac tor  should be reduced by 25% f o r  the McDonnell Douglas method and 
increased  20% for  the  Becker  method (Appendix B). 

TABLE 4.3-1 SUMMARY OF THEORETICAL AND 
ACTUAL CRITICAL LOADS COMPARISON 

Damaged 
Area 

Avp. P a n e l s  
1, 2 and 6 

Avg. Pane l  1 

Avg. Pane l  2 

Avg. Pane l  6 

Weakeet 
Member  
Pane l  6 

F i g u r e  

3. 2-8 
3. 2-13 

3. 2-9 
3. 2-14 

3 .2 -10  
3 .2-15 

3 .  2-11 
3 .  2-16 

3 .2 -12  
3 .  2-17 

Actual 
Calculated 
Fa i l u r e  Load 
NCr (Avg) 
-1bIin 

1000 

1070 

870 

I000 

930 

THEORETICAL FAILURE LOADS 
COLUMN 

N,, ( ~ v g )  
- Ib / in  

1070 

1230 

810 

910 

900 

GENERAL BUCKLING 

N,, ~h~~~~ 
N~~ ACNal 

1. 07 

1. 15 

. 9 3  

. 9 1  

. 9 7  

4 

N,, IAvg) 
- l b / i n  

1260 

1420 

1130 

1130 

1080 

INSTABILITY 
MDAC 

Ncr Theory  
%r Act"a1 

1. 26 

1. 33 

I .  30 

1.  13 

1. 16 

BECKER 

Ncr (Avg) 
- l b / i n  

870 

1000 

610 

770 

750 

Nc, Theory 
N,, Actual 

87 

93 

70 

77 

. 8 1  



The limited analysis and testing completed to date have successfully 
demonstrated the feasibility of using flanged isogrid for conical structures. 
However, additional work should be accomplished to provide a better under - 
standing of the capabilities of conical isogrid structures. The following a r e  
recommendations for future work relating to conical isogrid structures. 

1. Per fo rm a detailed stability analysis utilizing finite element computer 
programs to predict failure loads and verify design equations. 

2. Verify general instability failure loads by modifying the tes t  specimen 
design to eliminate column buckling a s  a possible failure mode and 
retesting. Existing manufacturing tooling, N / C  tapes and test  fixtures 
could be reused. Some of the l e s s  badly damaged panels from the 
existing test  specimen might a lso  be used in lightly loaded parts  of 
the structure. 

3. Develop a stability theory for conical isogrid shells of revolution. 
This theory could be used to evaluate e r r o r s  in applying cylindrical 
shell theory to a conical structure. 

4. Develop, analyze and test  alternate conical adapter isogrid patterns, 
In particular,  look a t  patterns that have all straight diagonal grid 
members between nodes. 

5. Develop open isogrid fo r  conical adapters. 

6 .  Build and test  photoelastic models of conical isogrid structur es. 

7. Evaluate the application of advanced composites to conical isogrid 
structures. 



6. REFERENCES 

1 - 1  Adapter - Isogrid - Conical Static and Ultimate Load Tests ,  
General ~ ~ n a m i c s / ~ o n v a i r  Aerospace. 12A6621. 

3-1 Isogrid Handbook, McDonnell Douglas Astronautics Company, 
MDCG4295A, February 1973. 

3-2 Becker. H . ,  Handbook of Structural Stability, Part  VI, 
Steength of Stiffened Curved Plates  and Shells,  NACA T. N. 3786. 



APPENDIX A- 1 

SURVEY TEST DATA 



F I L E :  

CHAN 
5 

C 1  10% DATE: 11 / 9 / 73 TIME:  9 : n : 3 7  

3 RECORD: 5 CHANNELS 3 THROUGH 6 0  

+B'~'TR C I  2g~;  DATE:  1 1 /  q /  73 TIME: 3 :  11: : I  

FILE : 3 RECORD1 6 CHANIdELS 3 TYr!OUGH 60 

L.!2 
D2 
D 6  
D l d  
D l ' ,  
5 4  
1~8 
1412 
!$lo 
t t z a  
1124 
!>2 P, 
532 
536 
:,4iJ 



CONICAL EOGRID ADAPTER TEST RUN 1 

KDP TR 

F I L E :  

CHAN 
5 
7 

11 
15 
19 
23 
27 

e i  sesi DATE:  11 1 9 / 7 3  TIME: 9 :  2 1 1  

3 RECORD : 7 CHANNELS 3 T:ifiOUGH 6 0  

'KOPTR C I  Y @ %  DATE: 1 l /  . 7 /  7 3  TI!dE: . : 3 5  : 5 2  

F I L E :  

CHAN 
3 
, 

11 
15 
1') 
23 
27 
3 1  
3 5 
3 9 
4 3  
4 7 
51 
55 
5(? 

RECORD: 8 CHANNELS. 3 THi:OdGH 6 0  



CONICAL ISOGRLD ADAPTER TEST RUN 1 

SDPTR ~ 1  5 8 %  DATE: 11 / 9 / 7 3  TIME: 9 : 52 : 47  

FILE:.  3 RECORD I 9 CHANNELS 3 THROUGH 60 

XDPTR Cl b0% DATE: 1 1 1  4 /  7 3  TIME: 1s : 8 : 55 

F I L E :  3 RECORD: 1 0  CHANNELS 3 THF:OUGH 6 8  

CHAN 
3 

" f  0 
I1 
15 
1  'f 
23 
2 7 
3 1  
35 
3'1 
43 
47 
51 
55 
5 9 



- - 
CONICAL ISOGRLD ADAPTER TEST RUN 1 

~ D P T R  C l  70% DATE: 11 / 9 / 7 3  TIME: 1 0  1 1 5  t 25 

F I L E :  3 RECORD: 11 CHANNELS 3 THROUGH 6 0  

KHAN 
5 

i ; ;  
11 
1 5  
1 9  
2 3  
27  
3 1  
35 
39 
43 
47 
5 1  
55 
5 9  

F I L E :  

CHAN 
5 
7 

11 
1 5  
1 3 
2 3 
2 7 
3 1  
3 5 
33 
4 3 
4 7 
5 1 
5 5 
5 9  

C l  80% DATE: 11 / 9 / 7 3  T I W I  1 H  : 39 : 5: 

3 XECORDI 1 2  CHANIJELS 3 THF:OUtH 60  



CONICAL ISOGRID ADAPTER TEST RUN 1 

F I L E :  

CHAN 
5 

C 1  9 0 %  DATE: 1 1 /  9 /  7 3  TIME: 1 0  : 5 8  : 3'1 

3 RECORDS 1 3  CHANNELS 3 THROUGH 6 8  

CI 1nnx DATE:  11 / 9 / 73 TIME: l a  : 5 /  : 4v 

3 RECORD8 1 4  CHANNELS 3 TjEOUGH 6 0  

LD.? 
0 2  
D 6 
D l 8  
D l 4  
5 0 
1;8 
5 1 2  
516 
!;20 
5 2 4  
5 2 8  
5 3 2  
5 3 6  
5 4 8  



CONICAL ISOGRID ADAPTER TEST RUN 2 

ADPTR C 5  10:; DATE: l l /  9 /  7 3  . TII4E: 1 4 :  9 :  45 

F'I L E  : 3 RECORD: 2 0  CHANNELS 3 THF!OUGH 6 0  

A ~ P T R  cs 28:; D A T E :  11 / o 1 7 3  TIME:  14 : 11 : 27 

F I L E :  3 RECORD: 2 1  CHANNELS 3 T i K O U G H  6 0  



CONICAL ISOGRID ADAPTER TEST RUN 2 

ADPTR ~5 30% DATE: 11 / 9 / 7 3  T IME:  14 : 13 : 11 

f I LEL 3 RECORD: 2 2  CHANNELS 3 THEOUGH 6 0  

ADPTR C 5  40?  DATE: 11 / 9 / 73 TIME: 14 : 11 : 57 

F I L E :  3 RECORD: 2 3  C Y  ANIJELS 3 THF!OUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 2 - 

A O ~ V R  ~5 ! j0% OPTEt 1 1 1  9 /  73 TIME: 1 : 19 : 3 

FFLE: 3 RECORD: 24 CHANNELS 3 T-IROUGH 6 0  

CHAN 
3 

d 
11 
1 5  
19 
23 
2 7 
31 
33 
39 
43 
4 7 
51 
55 
59 

AOPTR 

KHAN 
3 

C 5  6 B %  DATE8 11 / 9 / 73 TIME? 14 : 21 8 21 

3 RECORD1 2 5  CHANNELS 3 THROUGH 60 



- 
CONICAL LSOGRLD ADAPTER TEST RUN 2 

AOPTR C5 78% DATE1 11 / 9 / 7 3  TIME: 14 : 24 : 5 6  

FT LE : 3 RECORD1 26 CHANNELS 3 THROUGH 68  

KHAN 
3 

A ~ P T R  

F ILE: .  

CHAN . 
3 
B 

11 
1 5  
19 
23 
27 
3 1  
35 
39 
4 3 
47 
5 1  
55 
59 

C5 88% DATES 1 1 /  9 /  73 TIME: 1 4  : 29 r 35 

3 RECORDt 27 CHANI4ELS 3 THROUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 3 

ADP TR 

.-_, '1.LEZ 

KHAN 
3 
7 

11 
1 5  
19 
23 
27 
3 1  
35 
34 
43 
4 7 
5 1  
55 
59 

C 3  18:. DATE: 11 / 4 / 7 3  TIME: 14 ! 5lt : 25 

3 RECORD: 38 CHANNELS 3 THROUGH 6 0  

+ 9 6 2 *  LD2 
+3. D2 
-3.  D6 
+5.  D l d  
+4. 0 1 4  
+2. 54 
-52. !;a 
-53. 5 1 2  
' 5 9 .  515 
-59.  52k4 

-9. 524 
-55.  528  
- 4 1 -  532 
-31.  536 
+2. 543 

ADf'TH C 3  20% DATE: 11 / 3 / 7 3  TIME: 4 : 56 : 5 d  

F I L E :  3 RECORD: 3 1  CHANNELS 3 THROUGH 6 8  



CON- ISOGRID ADAPTER TEST RUN 3 

AOPTR 

' ILE:  
d 

CHAN 
3 
g 

11 
1 5  
19 

ADPTR 

\. .. 
' I L E ?  

XHAN 
3 

C3 30% DATE: 11 /  9 /  73  TIMES 1 4  : 58 1 25 

3 RECORD: 3 2  CHANNELS 3 THROUGH 60 

C3 40% DATE: 11 / 9 / 73 TIME: 1 4  t 5 9  : 45 

3 RECORD: 3 3  CHANNELS - 3 'THROUGH 6 8  



CONICAL ISOGRID ADAPTER TEST RUN 3 

ADPTH C3 50% DATE8 I1 / 9 / 73 TIME: 15 : 1 : 39 

F I L E  ? 3 RECORDt 34 CHANNELS 3 THROUGH 60 

CHAN 
3 
P 
11 
15 
19 
23 
27 
3 1  
3 3  
39 
4 3  
47 
51 
55 

ADPTH C 3  bB% DATE: 1 1 /  9 /  73 TIME: 15 : 7 : 4 

F I L E !  3 RECORD: 3 6  CHANNELS 3 THROUGH 60 



CONICAL ISOGRID ADAPTER TEST RUN 3 

ADPTtt C 3  78Z DATE3 11 / 9 / 7 3  TIME? 15 t 8 : 23 
- 

ILE: 3 RECORD: 37 CHANNELS 3 THROUGH 6 0  

ADPTH C 3  88% DATE: 11 / 9 / 7 3  TIME: 1 5  : 11 1 1 6  

F I L E :  3 RECORD: 38 CHANNEL5 3 THROUGH 6 0  

CMAN 
3 
7 '  



CONICAL ISOGRID ADAPTER TEST RUN 3 

ADPTR C3 90% DATE8 11 / 9 / 7 3  TIME: 15 1 14 1 7 

I ILE:  3 RECORD8 39 CHANNELS . 3 THROUGH 6 8  

CHAN 
3 
7 
11 
15 
19 
2 3  
21 
31 
35 
39 
4 3 
47 
51 
55 
59 

ADPTR ~3 188% DATE: 11 / 9 / 73 TIME: 15 : 16 : 8 

FILEL..  ' 3 RECORD: 40  CHANNEL5 3 THROUGH 6 0  



ADPTR C 1  1 8 %  DATE: 11 / 12 / 73 TIME: 9 :  1 J 1  4 1  

FILE:  3 RECORD8 4 6  CHANNELS 3 THROUGH 6 0  

CHAN 
3 
I 

11 
1 5  
1 '3 
23 
27 
3 1  
35 
39 
4 3 
47 
5 1 
55 
54, 

ADPTK 

F I L E :  

CHAN 
3 
a 

11 
1 5  
1 9  
23 
2 7 
31 
3 5 
39 
4 3  
47 
51 
55 
59 

C 1  2 0 %  DATE: 11 / 12 / 73 TIME: 9 : 2 1  : 11 

3 RECORDS 47 CHANtdELS 3 THROUGH 6 0  



CONICAL ISOGRID A D A P T E R  T E S T  RUN 4 

ADPTR 

F I L E :  

CHAN 
3 
7 

11 
1 5  
1 9  
23 
27 
3 1  
35 
39 
43 
47 
5 1  
55 
59 

C l  30% DATE: 11 / 12 / 73 TIME: 9 : 2 2  : 3 3  

3 RECORD: 4 8  CHANNELS 3 THROUGH 68 

ADPTR 

F I L E :  

KHAN 
3 

b ,  '. .; a 
11 
15 
19 

LD2 
D 2 
D 6 
O l d  
D l 4  
5 4 
5 8 
!;I2 
5 1 6  
520 
!;24 
528  
532 
536 
S48 

C l  443% DATE1 11 1 12 / 73 TIME: 3 : 24 : 18 

3 RECORD! 4 9  CHANNELS 3 TYROUGH 68 



ADPTR 

F I L E :  

CHAN 
5 
7 

11 
1 5  
1') 
23 
2: 
3 1 
35 
39 
4 3 
4 7 
5  1 
55 
5  9 

FILE: 

CONICAL ISOGRID ADAPTER TEST RUN 4 

C 1  50% DATE: 11 / 1 2  / 73 TIME:  .j . • 2 ! :  42 

3 RECORD: 5 8  CHANNELS 3 THEOUGH 6 8  

C 1  6 8 : .  DATE: 11 / i.2 / 73  T I M E :  J : 2 ,  : 5 ;  

J RECORD: 5 1  CYANIJELS 3 Ti-IROUGH 6 0  

! -D2 
0 2 
0 6 
D l d  
D 1 lt 
1;4 
1; 8 
512 

2i16 
ri2a 
L)24 
fb28 
532 
1,36 
!44U 



CONICAL ISOGRID ADAPTER TEST RUN 4 

' ADPTR 

F I L E :  

CHAN 
3 

7 
11 
1 5  

23 
27 
3 1  
33  
39 
4 3 
4 ? 
51 
5 3 

5 9 

ADPTF? 

F I L E :  

KHAN 
3 
7 

11 
15 
1') 
2 3 
2 7 
3 1 
3 5 
39 
45 
47 
5 1 

53 
59 

c 1  78'0 DATE: 11 / 12 / 73 TIME: J : 3 3  : 49 

3 RECORD: 52 CHANNELS 3 TdROUGH 60  

C 1  30E DATE: 11 / 12 / 7 3  TIfl,?: i : 3 6  : 55  

3 RECORD: 5 3  CHANtdELS 3 1HF:OUGH 60 



CONICAL ISOGRID ADAPTER TEST RUN 4 

ADPTR 

CHAN 
5 

" - ? I  

11 
15 
14, 
2 3 
2! 
3 1 
35 
39 
4 3 
4 7 
51 
55 
59 

C1 90% DATE: 11 / 12 / 73 TIME: 9 : 3'; : 30 

3 RECORD1 54 CHANNELS 3 THROUGH 6 8  

ADPTR C 1  l e d %  DATE: 1 1 /  i 2 /  73 TIME:  7 :  4 1 :  .I 

F I L E :  . .I RECORD: 5 5 CHANNELS 3 THROUGH 6 8  

CHAN - 
3 
7 

11 
15 
1') 
23 
2 1  
31 
35 
39 
4 3 
47 
5 1 
5 5 
59 



CONICAL ISOGRID ADAPTER TEST RWN 5 

FILE:  

C5-2 1 8 %  DATE: 11 / 12 / 73 TIME: 1 3  : 58 : 1 

4 RECORD: 5 CHANNELS 3 THROUGH 60 

AOPTK C5-< 28% DATE: 11 / 1 2  / 73 T IME:  1 3  : 57 : 1~ 

F I L E :  It RECORD: 6 CHANNELS 3 TrlHOUGH 60 

CHAN 
5 +2169.  L D 1  
/ + 6 -  D l  

11 -. D5 
1 5  4 1 .  D9 
1 '3 - 2 -  013  
25 -9. 5 3  
2 7 - 7 8 .  57 
3 1 -38. 5 1 1  
35 -133. 5 1 5  
3 9 -78. 519 
4 3 -bh.  523 
4 7 - ' ) I-  527 
51 - 6 3 .  5 3 1  
5 5 -96 .  535 
5-3 '-2. 539 

b2142. L D Z  
t4. D2 

+. I)6 
+3. Dlid 
-3. 01'1 

+. 54 
-81. ki8 
-89.  512 

-123.  516  
-138. 52il 
- 1 0 1 -  524 

-77.  528 
-74. :t32 
-68.  ',3?, 
+14. !)48 



CONICAL ISOGRID ADAPTER TEST RUN 5 

ADPTR C5-< 5 0 %  DATE: 11 / 12 / 7 3  TIME: 1 4  : 0 : 45 

F I L E :  4 RECORD: 7 CH ANNEL5 3 THROUGH 6 0  

CHAN 
5 
7  

11 
15 
19 
23 
27 

ADPTR C5-+' 4 6 %  DATE: 11 / 12 / 7 3  TIME: li) : 3 : 15 

F I L E :  I+ RECORD: 8 CYANNELS 3 TYROUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 5 

ADPTR 

F I L E :  

CHAN 
3 

C5-2 SU% DATE: 11 / 12 / 7 3  TIME1 1 4  : 5 : 26 

4 RECORD: 9 CHANNELS 3 THROUGH 60 

ADI'TR C5-2 b d X  DATE:  1 1  / 12 / 73 TIME! 1 4  : 7 :  5 

F I L E :  4 SECORD: 1 0  CHANtJELS 3 T ' iROl lGH b 0  

CHAN 
3 ' 6618 .  -. 
I t23. 

11 +9. 
15 + 2 0 .  
1 )  -2u. 
2 J -27. 
27 -255. 
31 -2'3dm 
3 5 -238. 
3 9  - 2 5 0 .  
4.3 -213. 
4 : -261. 
51 -2 ifl Q 

55 -250. 
59 t l t9.  



ADPTR 

FILE: .  

W A N  - 
3 
7 

11 
15 
19 
2 3 
2 7 
3 1 
35 
39 
43 
47 
51 
55 
59 

ADP TR 

C H A N  
3 
7 

C5-2 70% DATE: 1 1 /  12 / 73 TIME; 1 4  : 9 : 12 

4 RECORD: 11 CHANNELS 3 THFlOUGH 6 0  

i23-;? aid% DATE: 11 / 12 / 7 3  TIME: If 1 13 : 14 

4 RECORD:  1 2  CHANIqELS 3 T:iEOUGH 6 0  



-- CONICAL ISOGRID ADAPTER TEST RUN 5 - 

ADPTR 

FILE: 

CHAN 
5 
7 

11 
1 5  
1 9  
23 
27 
3 1  
35 
39 
4 3 
47 
5; 
55 
53 

C5-2 9 d %  DATE: 11 / 12 / 7 3  TIME: 1 : 1 6  : 4 

4 RECORD: 1 3  CHANNEL5 3 THROUGH 6 0  

ADPTH C 5 - g  1B0Y DATE: 11 / 12 / 73 T I M E :  1 4  : 1 3  : 3 1  

F I L E :  '4 RECORD: 1 4  CHANtdELS 3 TdROUGH 60  

KHAN 
5 +11848.  
7 t 5 4 .  

11 +is. 
1 5  + 4 1 .  
1 Y - 5 d .  
2 3 -39. 
2! -443. 
3 1  - 5 a 2 -  
35 -4d8. 
39 -562. 
43 - 3 6 3 -  
47 -339.  
5 1  -578.  
55 -487.  
59 +145.  



CONICAL ISOGRIJJ ADAPTER TEST RUN 6 

AoPTR ~ 2 - 1  li% DATE1 11/ 1 2 /  73 TIME: 1 4  :. 5 2 :  4 3  

CHAN 
3 

5 RECORD: 5 CHANIJELS 3 THROUGH 68 

+ B *  LD3 
+ *  0 3  

+ 1 *  D7 
-5. D l i  

-12. 5 1  
+. 55 

-34. 5 9  
-51. 5 1 3  
-59 -  517  
-49: 5 2 1  
-31 -  5 2 5  
-51. 5 2 9  
-19- S33 

ADPTR C2-1 20% DATE: 11 / 1 2  / 7 3  TIME: 1 4  : 54  : 11 

F I L E :  . 5 RECORD: 6 CHANNELS 3 THROUGH 60 

CHAN 
5 

" 7 
1 1  -- 
1 5  

+ I 2 1 1  L D i  +1253. 
i + 7 .  D l  +&. 
-5. l l 5  - @ .  

+3. D9 + 1 8 -  
+ l .  D l 3  +4. 

-12. 5 3  -2. 
-83.  t,7 -88. 
-91.. S l i  -94. 
-68. 515  -98 
-49. 513 -184-  
+17. S2.3 +19. 
-93. 527 -89. 
-68.  531 -77. 
-71. 535 -45. 

+9. 537 + 2 *  



CONICAL ISOGRID ADAPTER TEST RUN 6 

PDPTR 

YILE: 

CH AN 
3 
7 

11 
1 5  
1 9  
23 
2 7  
3 1  
35 
3 9. 
43 
47  
51 
55 
59 

C2-1 30% DATE: 11 / 1 2  / 73 TIME: 1 4  1 5 5  : 1 9  

5 RECORD 7 CHANNELS 3 THROUGH 6B 

F I L E :  

CHAN 
3 
7 

11 
1 5  
1 9  
23 
2 7 
3 1 

C2-1 48% DATE: 1 1 1  1 2 /  7 3  TIME: 14 : 57 : 40 

5 RECORD: 8 CHANNELS 3 THROUGH 68  



CONICAL ISOGRID ADAPTER TEST RUN 6 

ADPTR C2-1 50% DATE: 11 C 1 2  / 7 3  TIME: 1 4  : 5 9  : 36 

ILE:  5 RECORDZ 9 CHANNELS 3 THROUGH 68 

CHAN 
5 
7 

11 
1 5  
1 9  
2 3 
27 
3 1 
35 
39 
43 
47 
51 
55 
59 

ADPTR C 2 - i  6 d %  DATE: 11 / 1 2  / 7 3  TIME: 1 5  : B : 5 8  

FILE: 5 RECORD: 1 8  CHANNELS 3 THROUGH 6 0  

CHAN 
3 



CONICAL ISOGRLD ADAPTER TEST RUN 6 

ADPTR C2-1 70% DATE: 11 / 1 2  / 73 TIME: 1 5  t 2 1 27  

' ILEZ 5 RECORD: 11 CHANIJELS - 3 THROUGH 60 . , 
CHAN 

3 
7 

11 
1 5  
1 9  
2 3 
27  
3 1  
.35 
39 
43 
4 7 
5 1  
55 
59 

F I L E :  5 RECORD: 1 2  CHANNELS 3 THROUGH 60 

CHAN 
? 
7 

* 1 
A A 

1 5  
1 9  
2 3 
2 7 
3 1  
3 5 
39 
4 3 
47 
51  
55 
59 



CONICAL ISOGRID ADAPTER TEST RUN 6 

ADPTR 

;ILE:. 
( . I  

CHAN 
3 

C2-1 90% DATE: 11 / 12 / 7 3  TIME: 1 5 :  6 1  28 

5 RECORD: 1 3  CHANNELS 3 THROUGH 60  

+5678.. L D I  
+54. D l  
-26. 05  
+43. D9 
+ 1 5 -  D l 3  
- 5 6 -  53 

-380-  57 
-423. 5 1 1  
-384 -  515  
-198. 513 

t 54 .  523 
-323. 527 
-309. 5 3 1  
-332. 535 
+1kY6' 533 

F I L E : .  

CHAN 
? 
7 

1 1  - - 
1 5  
19 
23 
2 :/ 
3 1 
35 
39 
4 3 
4 7 
51 
55 
59 

C2-1 1004  DATE: 11 / 1 2  / 7 3  TIME: 1 5  : 10  : 9 

5 RECORD: I& CHANNELS 3 THROUGH 60 



CONICAL LSOGRID ADAP'IZR TEST RUN 7 - 

ADPTR 

CHAN 
5 
I 

I i 
15 
19 
23 
27 
31 
3 5 
39 
43 
47 
5 1 
55 - 59 

c4-1 10% O A T E ~  11 / 1 3  / 73 TIME: a :  2 . :  27 

6 RECORDt 5 CHANNELS 3 T9ROUGH 60 

ADPTH C4-1. 2 e X  DATE: 11 / i 3  / 7.5 T I M E :  . : 2 ! : 3 5 

F I L E :  6 RECORD: 6 CHANNELS 3 T-IF:OdGH hfl 

CHAN 
5 +2625* 
a +10*. 

11 -1. 
15 +11* 
19 -4. 
23 -7. 
27 -35. 
31 -98. 
35 -30. 
3" -73. 
4 3 -+6. 
47 -Ida* 
51 -68. 
55 -91. 
59 tJ. 



CONICAL ISOGRID ADAPTER TEST RUN 7 

ADPTH 

F ILE: .  

C+l 3 3 %  DATE: 11 ( 13  / 7 3  T I  ME: Y : 30 : 5 3  

o RECORDS 7 C Y  ANNELS 3 T-IROUGH 6 8  

ADPTR C4-l rt?% DATE: 1 1  13 / 77 TII4E: . . • 3 2 :  5 

FII-E: 6 KECORD: a CHANi4Ek.S 3 T 4i:OUGH 6 8  

CHAN 



CONICAL ISOGRID ADAPTER TEST RUN 7 

ADPTR C 4 - 1  5 d %  DATE1 11 / 1 3  / 73 TIME: 8 1 34 : 3'1 

FILE: 6 RECORDI  9 CHANIIELS 3 TYROUGH bfl 

CHAN 
? 
7 

11 
15 
19 
23 
2 : 
3 1 
35 
39 
4 3 
47 
5 1 
5 5 
5 )  

ADPTR C ' 1 - 1  ofi% DATE: 11 / i 3  / 1 3  TIME: ,i : 3 : 51 

F I L E :  5 F-:ECORDI 10  CHANt4tLS 3 TdF:OUGH 60  

CYAN . 
3 tblFj4. 
7 + 3 5 .  

11 +2 
1s +3a. 
1 ,'j -1 3 
2 3 -34 .  
27 -2 '2. 
31 -3d7. 
35 -278. 
3.3 -222. 
4 - 1 ' t O .  

47 -2 ' 5 .  
51 -2230 
5 3 -293. 
5" tbl. 



CONICAL ISOGRID ADAPTER TECT RUN 7 

ADP TR C 4 - 1  7 0 %  DATE: 11 '/ 1 3  / 7 3  T IME:  2 :  3 , :  12 

6 RECORD: 11 CHANNELS 3 TqEOUGH 6 8  

ADPTR C 4 - i  &dE DATE: l l /  , 3  / 7 3  TIME:  3 :  3 : :  4 1  

FILE:  b RECORD: 1 2  CHANIIELS 3 TqCOUGH 6 8  

CHAN 
5 

6 
11 
15 
1') 
23 
2 1 



CONICAL ISOGRLD ADAPTER TEST RUN 7 

ADPTR C4 -1  90% DATES 11 / 1 3  / 7 3  T IME:  3 8 41 : 10 

F ILES  6 RECORDS 13 CHANNEL5 3 T?iROUGH 60 

CHAN 
3 
a 
11 
15 
19 
23 
2 7 
31 
35 
39 
4 3 
4 7 
5 1  
55 
59 

AOPTR C4-1 100% DATEI  11 / 13 / 73 T fME : 8 S  4 3 :  2 

FILES 6 HECORDI 14 CHANNELS 3 THROUGH 68 

KHAN 
3 
7 
11 
15 
19 
23 
21 
31 
35 
39 
43 
4 7 
51 
5 5  
59 



CONICAL ISOGRLI): ADAPTER TEST RUN 8 

ADPTR C J - 2  1i3% DATE: 11 / l 3  / 7 3  TIME: 9 : ,) : 58 

F I L E  : 7 RECORD8 5 ' CHANNELS 3 THHOUGH 5 0  

C H A N  
3 

F I L E :  

CHAN 
5 
7 

11 
15 
1 '4 

2 J 
2 1 
3  1. 
35 
33 
45 
4 7 
51 
5 5 
5 ', 

C 3 - 2  2%% D A T E :  1 ? /  i 3 i  7 3  T I M E :  4 : 11 : 3; 

7 ' F1ECORD: 6 Cu ANI4ELS 3 THROUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 8 

ADPTI< C J - 2  5 8 %  DATE: 11 / 1.3 / 73  T IME:  9 :  1 3 :  31 

f I L E :  7 RECORD:  7 CHAN!IELS 3 THROUGH 6 8  

CHAN 
5 

11 
1 5  
1 . .I  

23 
27 
3 1  
3 5 
39 
43 
47 
5 1  
5 5 
5'1 

ADPTf{ C3-.! ,!G". DATE: 11 / i 3  / 7 3  TIME: 3 :  14 : 5 

F I L E :  7 2ECORD: a CHANNELS 3 THF!OUGH 6 0  

L D 2  
D 2  
D 6  
D l @  
D l 4  
194 
!,8 
512 
S l h  
52U 
524 
!>28 
to32 
!n36 
5 4 8  

A-1-35 

LO3 
0 3  
D l  
Dli 
51 
CJ 5 
!;9 
1t13 
I117 
!*21 
525 
b 2 9  
533 
:*37 



CONICAL ISOGRID ADAPTER TEST RUN 8 

ADPTR 

CHAN 
3 

C3-2 5 0 %  DATE: 11 / 1 3  / 7 3  TIME: 9 : lb : 1'7 

7 RECORD I 9 CHANNELS 3 THROUGH 6 0  

ADPTR C3-2 b d k  DATE: 11 / 1 3  1 7 3  T IME:  3 :  I / :  2 8  

F I L E :  7 RECORD: 10 C'IANIdELS 3 THEOUGH 68 



CONICAL ISOGRLD ADAPTER TEST RUN 8 

FILE: 

ADP TR 

F I L E :  

c f - 2  DATE: 11 / i3 73 T1!4E: I : 1 : 55 

7 R E C O R D ¶  11 CHANIJELS 3 THROUGH 6 0  

C.5-2 8 d %  DATE: 11 / ! 3  / 7 3  TI '4E: ' I :  2 " :  5/ 

i REC3RD: 1 2  CHANNELS 3 TqF:OUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 8 

ADPTR 

.F I LE : 

KHAN 
5 
- .  
I : 

11 
1 5  
1 ', 
2.3 
2 1  
31  
35 
39 
45 
4 7 
5 1  
55 
5.4 

c3 -2  98% DATE: 11 / 1 3  / 7 3  TIME: 9 : 22 : 1 0  

7 RECORD: 1 3  CHAN!JELS 3 THROUGH 6 8  

ADPTR C 3 - .  1 I $ @ %  DATE: 1 1 1  L 3 /  73 TIME: ? : 2 5  : 31 

FILE:  7 RECORD: 1 4  CHANNELS 3 THF:OilGH 6 d  

C H P N  
3 
7 

I i 
1 5  
19  
23 
2! 
3 1  
35 
3 3 
4 5 
4 7 
51 
5 i 
57 

'-02 F6298- 
02 +20 .  
0 6 +21. 
D l d  -5h .  
3l't  -115. 
54 +22.  

-332 0 

512 - 6 ~ 9 ~  
5 1  b -8200 
52 LI - 767 -  
1,24 -4'15. 
i ~ 2 R  -570. 
' 132 - 2 2 1  
535 -932. 
1.4 4 



CONICAL ISOGRLD ADAPTER TEST RUN 9 

ADPTR Cl-5 1 0 %  DATE: 11 / 1 3  / 7 3  TIME: 9 :  4 4 :  

F I L E :  8 RECORD I 5 CHANNELS 3 THROUGH 60  

CHAN 
3 

.7 
11 
15 
1 9  
29 
2, 
3: 
35 
39 
4 3 
47 
5 1 
55 
59 

LO1  
D l  
D 5 
D9 
Dl3 
i 3 
57 
Sll 
515 
SlC1 
52 3 
S27 
531 
535 
530 

ADPTR C l - - 3  A d %  DATE: 11 / 3 / 73 T I M E :  i : 5 : 3 6  

FILE: 3 RECORD t 6 CHANNELS 3 THROUGH 6 0  



CONICAL-ISOGKID ADAPTER TEST RUN 9 

ADPT:< C1-5 3ldX DATE: 11 ( 13 / 7 3  TIME: 3 : 46 : 45 

F I L E :  Y RECORD: 7 CHANNELS 3 THROUGH 6 0  

CHAN 
5 

: !7 fa 
11 
15 
19 
2 3 
27  
31 
35 
3 9 
4 3 
47 
51 
55 
5 y 

ADPTR C1-3 + d %  DATE: 11 / 13  / 73 TIME: 9 :  4 / :  55 

F I L E :  8 RECORD: 8 CHANNELS 3 THROUGH 6 0  

CHAN 



F I L E :  

CHAN 
5 
a 

11 
1 5  
1 Y 

c 1 - 5  36% DATE: 11 / 1 3  / 7 3  TIME: 2 : 4 : 3 4  

8 RECORD: 9 CHANNELS 3 THROUGH 60 

ADI'TK C 1 - 5  6b!% DATE: 1 1 /  : 3 /  73 T I M E :  ' i  : 5 H  : q,'  

F ILE:  8 RECORD: 1 0  CHANIJELS 3 THCOUGH 6 8  

CHAN 
3 
a 

11 
1 5  
1 '1 
2 5 
27 
31 
35 
3 9  
4 3  
4: 
51 
5s 
5 ' 7  



COMCAL ISOGRID ADAPTER TEST RUN 9 

ADPTR C1-3 7U% DATE: 1 1 /  1 3 /  7 3  TIME: 9 : 51 : 54 

f I L E :  8 RECORD: 11 CHANNELS 3 THEOUGH 6 0  

KHAN 
5 I .'! & 

11 
15 
1 9 
23 
2 i 
31 
3 3 
33 
4 3 
4 7 
51 
5  5 
5'3 

AGt'TR C1-3 dR% DATE: 1 1 /  i 3 /  7 3  TIME: 3 :  5 3 :  7 

FILE: P. R E C O R D :  12 CHANIJEL5 3 THNOUGH 6Y 



ADP TR C1-5 96% GATE: 11 / 1 3  / 73 T I M E :  3 :  5 1 3  

8 RECORD: 13 CHANNELS 3 THROUGH 60 

AD1'TR C1-5 1fid:i D4TE:  11 / 1 3 ;  711 T I M E :  i : 5 5  : 4 5  

F I L E :  J RECORD:  1 1 4  CfiANIJELS 3 T ~ E O U S H  ha 

1-32 
D2 
D6 
D l i l  
01 ! 
?I 4 
sa 
1312 
i i l6  
52 a 
? -24  
1*28 
! ,32  
5 3 b  
54 0 



CONICAL ISOGRID ADAPTER TEST RUN 10 

ADPTR C1-'jR 1:% DATE: 11 / i 3  i 73 T I M E :  1 1 8 :  25 

FILE:  7 RECORD: 5 CHANNELS 3 THPOUGH 6 0  

CHAN 
3 
7 
11 
15 
17 
2 3 
2 7 
3 i. 
35 
3 )  
43 
it7 
5 i 
55 
5 ; j  

F I L E :  ' I  RECORD: 6 CHANIJEL:, 3 T!lfIOcl~!i 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 10 

ADPTR C1-98 3 N X  DATE: 1 1 /  1 3 /  7 3  TIME: 10 f 2 d  : 58 

F I L E :  9 RECORD: 7 CHANIdELS 3 THROUGH 6 0  

ADPTR C1-'40 ' t t c L  DATE: 11 / : 3  / 73 TIME: 1.4 : 22 : 17  

KHAN 
.s 
a 

11 
15 
13 
2 3 
2 7 
3 L 
3 5 
39 
4 .J 
4 7 
51 
55 
5 'j 



CONICAL ISOGRID ADAPTER TEST RUN 10 - 

ADP TR 

F I L E :  

KHAN 
5 

:-: a 
11 
15 
19 
2 5 
2 7 
3 1 
35 
3 9  
43 
4 7 
51 
55 
59 

C1-98 58%' DATE: 11 / 13 / 73 TIME: 10 : 23 47 

9 RECORD: 9 CHANNEL5 3 THROUGH 60 

C l - ' t B  62% DATt :  1 1 /  1 3 /  73 TIME: 1 : 2 5  : 52  

5 'RECORD: i0 CHANtlELS 3 THROUGH 60 



CONICAL ISOGRID ADAPTER TEST RUN 10

ADPTR C1-90 7,/. DATE: 11 / 13 / 73 TIME: 10 : 26 : 59

FILE: 9 RECORD: 11 CHANNELS 3 THROUGH 60

CHAN
3 +3978* LD1 -36. LD2' +8. LD3 +3952. LD4
/ +20. D1 +25. D2 +26* D3 +37. 04

11 +14- DS 3. 06 -33, 07 -27. 08
15 -15* 09 +. D10 -40. D11 +33. 012
1) +21. D01 -56' D14 +160. 51 +199 5;2
23 -148* 53 -125* 54 +76. 55 +108. 56
27 -103. 57 -76. 58 -73. 59 -72. 510
31 -159. 511 -164. 512 -206. 513 -123. 5 4
3b -275* 515 -426. 5,16 -376. 51/ -272. 51j
39 -264. 519 -582. ',20 -452. 521 -412. 522
43 -83* 523 -125' 5,24 +36. 525 +31. 526
4/ -14* 52/ +16. 528 -58. 529 -2. 533
5L -34* 531 -43* 532 -24. 533 -38. 534
55 -39g 535 -33. 536 -73. 537 +2. 1,38
59 +69. 530 -12' 540

ADPTR c1--)o 8 '. DATE: 11 / 13 / 73 TIME: 10 : 23 : 16

FILE: 9 RECORD: 12 CHANNELS 3 THROUGH 60

ICHAN
j t4556* LD1 -36* ILD2 +8. ILD3 +4487. LD4
7 +24- DI +28. 02 +30. 03 +44* D4

11 +16* 05 -3. 06 -37. D7 -31. D8
15 -17. D9 +. 010 -47. Dll +39. 012
1'  +25. 013 -65. 014 +179. 51 +228. 52
2. -167' 53 -142' 54 +86' 55 +125. 56
27 -122- 57 -86. 58 -86. 59 -34 510
31 -184. 511 -188. 5,12 -235* 513 -1143. 1
35 -314. 515 -499' !,16 -461. S17 -316. 5183
39 -214. 51 ) -694* 5;20 -516. 521 -483. 522
43 -95' 523 -148' 524 +44. 525 +4. c26

47 -14. 527 +19. 523 -68. 529 -31. 530
51 -39* 531 -50* 532 -27. 533 -48. 533
55 -46" 535 -43' 536 -88' 537 +2* 538
59 +101* 53.) -12* ',40

A-1-47



- CONICAL ISOGRID ADAPTER TEST RUN 10 

W ADP.fR 

F I L E :  

CtiAN 
.> 
; 

11 
15 
1 9  
2 5  
2 7 
3 1  
35 
3 9  
4 .j 
4 7 
5 1 
5 5 
5 9 

c 1 - 9 0  , 'JE% DATE: 11 / 13 / 7 3  TIME: 1 0  : 2 9  : 2 1  

9 RECORD: 1 3  CHANNELS 3 THROUGH 6 0  

ADPTR C1 -90  l:BY DATE: 11 / 1 3  / 7 3  T I M E :  13 : 3 : 22 

F I L E :  

KYAN 
3 
7 

1 L 
15 
1: 
2 5 
2 7 
3 L 
33 
31 
4 .i 
4 / 
5 1 
5 5 
5 (2 

9 RECORD: 1 4  CHANNELS 5 Tq-IHOUGH o E  



CONICAL ISOGRID ADAPTER TEST RUN 11 

ADPTf(C1-180 1 2 %  DATE: 1 1  / i3 / 73 TIME: 1 0  : 53 2 2 6  

F I L E :  1 0  RECORD : 5 CHANNELS 3  THROUGH 60 

KHAN 
3 
f 

11  
15  
1 9  
23 
2: 
31 
3 5 
3 Y 
4 3  
4  7 
5 1 
55 
5 9  

ADf'TR C1-t8d 2"':; DATE1 11 / 1 3  / 73 TIME: 1 2  : 5 1  : 34 

F I L E :  1 H  RECORD: 6 CHANIJELS 5 TYSOUGH i,0 

+ -  L D 1  . 
< - 7 .  D l  
* l a  D 5  -. D9 

-12 .  D l 5  
t 3 .  53 

+ 4 1 .  S7 
+ 4 6 .  S l l  
+ 2 7 .  5 1 5  

+4. 513 
- 6 3 -  525 
+ + 9 .  527  
+ > l .  531 
+24.  535 
- 1 4 .  i3ci  



CONICAL ISOGRID ADAPTER TEST RUN 11 

ADPTRC1-1\38 5 3 %  DATE! 11 / 1 3  / 73 TIME: 1 : 52 : 33  

FILE: l a  RECORD: 7 CHANNELS 3 THROUGH 6 8  

KHAN 
3 

2 
11 
15 
1 '3 
2 3 
2 / 
3 1  
35 
39 
4 3 
4 7 
51 
5 5  
5'1 

A D t = T t < C  1 - l ! i 0  It CATE: 1 1  / i 3  / 73 TIME: 1 C  : 5~5 : 3') 

f I L E :  1 8  RECORD 8 8 CHANlJEL5 3  TgROUGH 6 B  

KHAN 
5 
2 

11 
1 :j 
11 
2 -5 
2 1 
3 i 
3 :, 
3;' 
4 J 

4 7 
5 1 

5 5  
5:7 



CONICAL LSOGRLD ADAPTER TEST RUN 11 - 

A D P T R C I - 1 5 8  Sd;y .  DATE: 11/  1 3 /  7 3  T I M E :  1 8  : 5 4  : 42 

F I L E :  

CHAN 
3 

1 d RECORD: CHANNELS 3 THROUGH 6 8  

ADF'TRCl-1.50 b.':i DATE: 11 / 1.3 / 7 3  T I M E :  i n  : 5 5  : 4 5  

F I L E :  1 .' SECORD : 1 8 CHAN'IELS 3 T-IKOJGH hB 



CONICAL ISOGRID ADAPTER TEST RUN 11 - 

ADPTHC 1-180 I , %  DATE: 11 / 1 3  / 73 TIME: 1 0  : 57 : 3 

F I L E :  1II RECORDS 11 CHANPdELS 3 THROLIGH 60 

+. LO2 +4015.. LO3 +3958. 
-19. D2 -9- 03 + l 0 .  
+ 3 9 -  D6 + 1 0 -  0 7  - 6 .  
- 3 8 .  D l 0  +26. 0 1 1  t J 0 .  
-44. D l 4  +46*,  5 1  '2. 

+7. 54 -79 55 -21  
-158. 5 8  + 8 6 *  5 9  +1R8. 
~ 1 7 6 -  1;12 + l a 7 0  5 1 3  +'kcj. 

+ 1 4 5 *  S l b  +58 -  5 1 7  + 36. 
+76. 522 +7. 5 2 1  + 1 7 *  

-323. 524 +51. 525  +'t9. 
+ 1 4 5 -  526  +203! 5 2 9  +135. 
4.127- 532 +51. 5 3 3  +.34. 

+53. 536 +152.  53.7 - 7 .  
+26. 548 

ADPTRC1-LC@ ' .  h DATE: 11 / 13 / 73 TIME: 1 : 3 : 2 5  

F I L E :  1 . 3  RECORD: 1 2  C3ANNELS 3 THEOUGH 50 

KYAN 
S 
7 

11 
1 5  
1 9  
23 
2 7 
3 1 
35 
3 9 
4 3 
47 
51 
5 5 
59 



CONICAL ISOGRLD ADAPTER TEST RUN 11 

ADPTRC1-180 Y?% DATE: 11 / 13 / 73 TIME: 1 8  : 59 : 43 

F I L E :  1 0  RECORD1 1 3  CHANNELS 3 THEOUGH 60 

ADf 'Tr<C 1-1 '30 ~ , . 8 : :  ilATE: i l /  i 3 /  73 TIME: li : . : 1 5  

SILE: 1m RECORD: 1 4  CHANI~ELS 3 TqROIIGH ha 



ADPTRCl-2 7a l i e %  DATE: 1 1 /  1 3 /  73 TIME: 11 : 1 : 5.4 

F I L E :  11 RECORDS 5 CHANNELS 3 TdROUGH 68  

F I L E :  i i RECORD:  6 CHANNELS 3 TYEOdGH 6 0  

CHAN 
3 
7 

11 
15 
1.. 
25 
2 r 
31 
3 5 
j c; 

4 3 
4 7 
5' 
5 5 

5 ' 



2.'. ADPTRCl-2 70 3-'",. DATE: 11 / 13 / 73 TIME: 11 : 11 : li 

FILE: 11 RECORD:  7 CHANNELS 3  THROUGH 68 

A D P T f ? C L - 2  78 ' I  % DATE: 1 / 43 / i J  TIME: 1; : l't : 2 .  

FILE: 1 i RECORD: 8 CHANiIELS 3 THROUGH 6 0  

15. !.a4 

-16. D4  
t19. 38 
-71. Dl ' 

-129. :*2 
- 4 3 .  t,6 
4 6 .  5J.d 
-0. 514 

+2U- :,la 
+!,9. '222 

-1: 3 .  r,20 
-,39. :;3* 
- 5 3 .  c,3;+ 

I . ! , .  ',33 



CONICAL ISUGRID ADAPTER TEST RUN 12 

ADPTRC1-270 5 6 %  DATE: 11 ( 1 3  / 73 TIME: 11 : 15 : 3 0  

F I L E 1  11 RECORO: c) CHANNELS 3 THEOUGH 60 

KHAN 
3 

' 7  
11 
15 
19 
2 3 
2 7 
3 1 
35  
3 9  
4 3 
4 7 
51 
55 
53 

ADPTRC1-27R 66% DATE: 11 / 1 3  / 73 TIME: 11 1 6  

F I L E :  li RECORD: 10 CHANNELS 3 THROUGH 6 0  

KHAN 
3 
7 

11 
15 
19 
2 J 

2 7 
31 
3 5 
39 
4 3 
4 7 
51 
55 
5 9 



CONICAL ISOGRID ADAPTER TEST RUN 12 

A D P T R C i - 2  70 ( : h  DATE: 11 / i3 / 7 3  T I M E :  11 : I ?  : 7 

FILE: 11 RECORD: 11 CHANNELS 3 THFCOUGH 6 0  



APPENDIX A-2 

ULTIMATE TEST DATA 



, , 
CONICAL ISOGRID ADYLPTER TEST RUN 13 

,iADAPTR 52-F DWO DATE: 11 / 1 3  / 73 TIME: 15 : 1 8  : 52 

F I L E :  1 2  RECORDS 46 CHANNELS 3 THROUGH 68 

CHAN 
3 +18: LD.1 

, I 7  -4521'. D l  
11 -252.. D5 
15  -4685*. D9 
19 -4.. D l 3  
23 +27*, 53 
2 / -120, 57 
31 -147. S l l  
35 -204. 515 
39 - 2 9 .  519 
4 3 -14.. 523 
47 + 2 6 9 .  527 
5 1  - 4 .  531 
55 + 3 6 * .  535 
59 +120.. 539 

ADAPTH C Z - F  207 

+54*  LO2 
-4544. 02 

-9960 D6 
-4600- 01i9 

+ 6 *  D l 4  
+40*  54 

+151* 58 
+135. 512 

-61-  S15 
-32 ,  :;2g 
+ 1 2 .  :124 
+288*. 528 

+65*. 532 
+2. 536 
-2-  540 

DATE: 11 / 13 

F ILE:  1 2  RECORD: 5 CHANNELS 3 THROUGH 60 

CHAN 
9 
7 

11 
15 
19 



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPTR 52-F 48% DATE: 11 / 1 3  / 7 3  TIME: 15 : 2 2  : 3 

E I L E :  12 RECORD I 6 CHANNELS 3 THROUGH 6 0  

iADAPTR C2-F 60% DATE: 11 / 1 3  / 73 TIME:  13 : 2.3 8 23 

12 RECORD: 7 CHANIIELS 3 THROUGH 6 8  



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPTR 5 2 - F  80% DATE: 11 / 13 / 73 TIME:  1 3  : 2 4  : 58 

FILE:  12 RECORD: 8 CHANNELS 3 THEOUOH 60  

CHAN 
3 

,ADAPTR L 2 - F  10f4:. DATE: Ll / 1 3  / 73 TIME:  1 5  : 2 h  : 2 

F I L E :  12 RECORD: 9 CHANIJEL5 3 THROUGH 60  

KHAN 
.I I 

I 
1: 
1 !, 
1 j 



CONICAL ISOGRID ADAPTER TEST RUN 13 . . 

ADAPTR 52-F 110% DATE: 11 / 1 3  / 73 T I M E :  1 3  : 3 J  : 6 

F I L E :  12 RECORD: 1 0  CHANNELS 3 T H R O U G H  60 

CHAN 
3 + 6 6 7 2 *  
d +70., 

1 : -31.  
1 5  +35. 
1 ;j + 2 5 *  

2 3 -64. 
2 i  -41i9- 
3:. -521.. 
3 > - 3 :t 6 -, 
3': -255.  
4 3 +S3. 
4 1  - 3  65. 
51 -373. 
53 - 4 d l .  
5 ' +1:13.~ 

ADAPTH C2-F 1 2 0 %  DATE: 11 / 13 / 73 T I M E :  15 : 3 1  : 5 2  

F I L E :  1 2  RECORD: 11 CHANIJELS 3 THROUGH 68 

K H A N  
.s ' 73:,3. LD1 + 7354 ., 

1 d +77.. D l  +'+a. 
1~ - j 5 .  0 5  -35. 
1 5  +62.  0 9  + 7 6 *  
1 '3 +29. D1: i  + 2 7 .  
2 3 - i 4 .  5 3  b 4 .  
2 1  -5i7. 57 -5.33. 
3 i -575,. 5 1 1  -576-  
3 - 5 7 6 .  5 1 5  -781. 
39 - 2  i J .  S l ' i  -743. 
4 5 +56. 523 +,?3. 
4; -3.70- 52 / -669. 
5 i  -415. 5 3 1  -458. 
5 3  -445 .  535 -388. 
59 +135: S30 + l d B *  



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPIR 52-F 40% DATE: 1 1 /  1 3 /  73 TIME: 13 : 37 : 8 

F I L E :  i2 RECORD: 12 CHANIdELS 3 THROUOH 6 0  

CHAN 
J 

d 
11 
15 
1 9  
2 3  
2 7 
31 
35 
39. 
4 3  
4 7  
5 1 
55 
5 j 

jADAPTR CZ-F 13876 DATE: 11 / 3 / 73 TIME: 1 3 :  4 4 :  32 

F I L E :  , 1:i RECORD: 13  CHANNELS 3 TdROclGH 6 0  

CHAN 
5 

e 
I  I 
1% 
1'1 
2 3 
2 / 
3 1 
35 
34 
43 
4 1 
51 
55 
59 



CONICAL ISOGRID ADAPTER TEST RUN 13 

AOAPTR F E - F  148% DATE: 11 / 13 / 73 TIME: 1 3  : 46 : 39 

FILE: 12 RECORD: 14 CHANNELS 3 THROUGH 6 8  

KHAN 
3 +8643*. 
B +=15. 
11 -42. 
15 + 75. 
1, +35. 
23 --36. 
21 -6l3' 
33 -631.. 
35 -492- 
3 Lj -279. 
4; +83' 
4 /  -412.. 
51 -515- 
55 -521- 
54 +2.39. 

4AOAPiR $2-F 40% DATES l l /  1 3 /  73 TIME: 13 8 58 : 35 

FILE: 12 RECORD: 15 CHANNELS 3 THROUGH 68 



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPTR G2-F 1 5 0 %  DATEI  11 / 13 / 73 TIME1 1 3  : 52 : 35 

FILE:  1 2  RECORD8 1 6  CHANNELS 3 THROUGH 6 0  

KHAN 
3 

ADAPTH C2-F l 6 l h  DATE: 11 / 1 3  / 73 TIME: 1 3  : 5 3  : 5 5  

F I L E :  12 RECORD: 1 7  CHANNELS 3 THROUGH 6 8  



CONICAL BOGRLD ADAPTER TEST RUN 13 

ADAPTR &2F 40% DATE: 11 / 1 3  / 73  TIME: 1 4  : 2 : 26 

F I L E :  1 2  RECORD: 1 9  CHANNELS 3 THROUGH 60 

ADAPTR L2-F 170% DATE: 11 i 3  / 73 T I M E :  1 : 5 : 22 

F I L E :  1 2  RECORD: 2 d  CHANIJELS 3 THROUGH hd 

CHAN 
3 +1;52+: LO1 +10478*  LD2 +2718: LO3 +27J ' i ;  -. LO4 

D 1 0 2 0 3  D 4 
11 05 D6 0 7 DB 
15  D 9 Dlm -114. D l 1  -153. D l ?  
1 + 2 9 .  D l 3  t 4 5 -  014 - 2 8 2 .  5 1  -77. 52  
2; -1d3.. S3 + 2 1 *  54 t 2 4 -  5 5  + Y 4 .  5 6  
2 i  -757. 57 -759. sa -482: 59 -502. 516 
31  -853. 5 1 1  -830. 512  -917. - 531 -  5 1 4  
35 -570. 515 -1135. 316  -1031  ., 517  -844. ! ~ l 6  
3.9 -328. 5 1 9  - 1 1 3 8 -  S 2 8  - 875 -  5 2 1  -9j i5. 1;22 
43 +183. 523 +143. r32.) -629. 525  -617. 526 
47 -456. 5 2 ~  -921. 523 -882. ~ 2 9  -92s. 53a 
51  -626. 5 5 1  -663 -  532  -320. 533  -5.59. 531( 
55 -637. 535  -455 -  536 -12420, 537 +3a. 5313 
59 +393. 5 3 )  +215.  54d 

Note:Deflection Transducers Dl thru Dl0 were disconnected prior to 
170% loading increment. They were inoperative for  the remainder 
of the test. 



CONICAL ISOGRID ADAPTER TEST RUN 13 
- 

ADAPTR g2-F 40% DATEl 11 / 13 / 73 TIME: 14 : 7 : 7 

F I L E :  12 RECORD: 21 CHANNELS 3 THROUGH 60 

CHAN 
3 

' h i  7 
11 
15 
19 
2 3 
27 
31 
35 
39 
43 
4 7 
51 
55 
53 

ADAPTR C2-F 160% DATES 11 / 13 / 73 TIME: 14 : 10 : 5 

F I L E :  12 RECORD1 22 CHANNELS 3 THROUGH 60 



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPTR F 2 - F  48% DATE: 11 / 1 3  / 7 3  T IME:  1 1 2 :  3 2  

F I L E :  1 2  RECORD: 2 3  CHANNEL5 3 THROUGH 6 0  

KHAN 
3 

ADAPTR C2-F 198% DATE: 11 / 1 3  / 7 3  T IME:  1 4  : 1 5  : 36 

6 I L E :  12 RECORD: 2 4  CHANNEL5 3 THROUGH 6 0  

LDL' 
D 2 
0 6 
D l 0  
D l ' t  
5 4  
5; 8 
512 
!a15 
s 2 a  
524 
528 
532 
Ii36 
5 4 8  



- CONICAL ISdGRID ADAPTER TEST RUN 13 - 

ADABTR CZ-F 40% DATE: 11 / 1 3  / 7 3  t TIME1 14 8 1 8  t 2 

F I L E :  1 2  RECORD1 25 CHANNELS 3 THROUGH 6 0  

ADAPTR c2-F 280% DATE! 11 / 1 3  / 7 3  TIME: 14  : 20  : 30 

P I L E ?  1 2  RECORD: 2 6  CHANNELS 3 THROUGH 60 



CONlCAL BOGRID ADAPTER TEST RUN 13 - 

ADAPTR C2-F 4 0 2  DATE: I 1  / 1 3  / 7 3  , TIME1 14  : 2 2  : 1 2  

F I L E :  1 2  RECORDt 27 CHANNELS 3 THROUGH 6 0  

ADAPTR C2-F 210% DATE1 11 / 1 3  / 73 TIME: 1 4  : 26 : 11 

PILE: 12 RECORD8 28 CHANNELS 3 THROUGH 60 

KHAN 
5 - - 

3 7 
11 
1 5  
1 9  
23 
2! 
3 1  
35 
39 
43 
4 1  
5 1  
55  
59 



- COlWCkL . . L906FUD ADAPTER -. TEST RIM 13 

ADAPTR $2-F 48% DATE: 11 / 1 3  / 7 3  TIME! 14 1 32 : 6 

F , I L E :  1 2  RECOROl 31 CHANNELS 3 THROUOH 6 9  

ADAPTR 52-F 239% DATE: 11 / 13 / 73 TIME: 1 4  : 34 : 58 

F I L E 8  12 RECORDS 3 2  CHANNEL5 3 THROUGH 643 

X H A N  
3 

-1 7 
11 
15 
19 
2 5 
27 
3 1  
35 
39 
43 
4 1r 
5 1  
55 
59 



CONICAL ISOGRlD ADAPTER TEST RUN - 13 

ADAPTR 52-F 40% DATE1 11 / 1 3  / 7 3 ,  TIME2 1 4  8 36 : 444 

FILE: 1 2  RECORD8 33 CHANNELS 3 THROUGH 60 

CHAN 
3 +2495* LD1 
7 D l  

11 . D5 
15 D Y 
1 3  +6*. D l 3  
23 - 2 4 -  53 
27 -2010. 57 
31 -3i3S. 5 1 1  
35 -258- 515 
39 -85.. s l ?  
43 + I & .  523 
4 7 -149 5 2 1  
51 -1620 5 3 1  
55 -123~ .  535 
53 +69. 539 

ADAPTR C2-F 240% DATE: 11 / 1 3  / 73 TIME: 14 : 39 : 13 

F ILE:  1 2  RECORD: 3U CHANNELS 3 THROUGH 60 

CHAN 
3 +14882: LD1 +14818* LO2 +3839* LD3 +3835* LD4 
7 D 1 D2 D 3 04 . . 

D6 D 7 D 8 
D l d  -177- D l 1  -2210 D l 2  



CONICAL'ISOGRID ADAPTER TEST RUN 13 - 

ADAPTR 52-F 40% DATE: 11 / 1 3  / 73 TIME: 14 : 43 : 38 

FLLE: 1 2  RECORD: 35 CHANNELS 3 THROUGH 60 

CHAN 
3 

-i 7 
11 
15  
19 
23 
27 
3 1 
35 
39 
43 
47 
51 
55 
59 

ADAPTR C2-F 260% DATE8 11 / 13 / 73 TIME: 1 : 43 : 13 

.FILE: 1 2  RECORD: 36 CHANNELS 3 THROUGH 6L3 

KHAN 
3 t l 6 1 4 8 .  LD1 +16071* 

i 7 D 1 
11 05 
15 09 
19 +'(I' D l 3  +85. 
23 -224. S3 +62* 
27 -1246-  57 -1249. 
31 -1385.. 5 1 1  -1481. 
35 -922. 515 -2066.. 
39 -543. 519 -2073., 
43 t152.  523 +239* 
r7 -498. 527 -1322.. 
51 -9G7.. 5 3 1  - 1 l 4 6 ?  
55 -1013.. 535 -867 
59 t l l l 3 .  539 +435- 



CONICAL ISOGRID ADAPTER TEST RUN 13 - - 

AOAPTR 42-F 40% DATE: 11 / 1 3  / 7 3  , TIMES 14  4 9  : 58 

F ILE:  1 2  RECORDS 37 CHANNELS 3 THROUGH 60 

CHAN 
3 

! 37 
11 
15 
1 9  
23 
2 1 
3 1  
3 5 
3 9 
4 3 
47 
5 1 
55 
59 

ADAPTR C2-F 280% DATE: 11 / 13 / 73 TIME: 1 4  : 53 : 57 

FILE: 12 RECORD: 3 8  CHANNELS 3 THROUGH 6 E  

KHAN 
3 

. I !  
11 
15 
1 9  
23 
27 
3 1 
3 5 
3 3 
4 J 
47 
51  
5 5 
5 9 



CONICAL ISOGRLD ADAPTER TEST RUN 13 

ADAPTR C2-F 48% DATE: 11 / 1 3  / 7 3  TIME: 1 4  : 57 : 2 3  

FILE: 1 2  RECORD1 39  CHANNELS 3 THROUGH 68  

CHAN 
3 + 2 4 9 5 *  LD1 + 2 5 2 4 -  LD2 + 5 5 2 *  LO3 +598.  LD4 

ADAPTR C2-F 388% DATE: 11 / 1 3  / 7 3  TIME: 1 5  : 0 : 2 1  

F I L E :  1 2  RECORD: 4 8  CHANIdELS 3 T!iROUGH 68 



CONICAL . . ISOGEWD M3APTER TEST RUN 13 

ADAPTR S2-F 40% DATES 11 / 1 3  / 73 ! TIME: 15 : 2 1 5 

FILE:  1 2  RECORD: 4 1  CHANNELS 3 THROUGH .60  

XHAN 
3 +2495*, LD1 + 2 5 2 4 .  LD2 +552*. LD3 t 5 9 8 -  LD4 

ADAPTR G2-F 320% DATE: I 1  / 13 / 73 TIME: 1 5  : 5 1 28 

F I L E :  12 RECORD: 42  CHANNELS 3 THROUGH 60 



CONICAL ISOGRID ADAPTER TEST RUN 13 

ADAPTR F 2 - F  48% DATE: 11 / 1 3  / 7 3  TIME:  15 8 6 : 59 

FILE: 1 2  RECORD: 43 CHANNELS 3 THROUGH 6 0  

ADAPTR C2-F 3 3 8 %  DATE: I1 / 13 / 73 TIME: 15 : 1 2  : 11 

F I L E :  12 RECORD: 4 4  CHANNELS 3 THROilGH 6 0  

KHAN 
3 
7 

11 
1 5  
1 '3 
2 5  
2 !  
3  1 
3  5 
3 '11 
4 3 
4 7 
51 
5 5 
59 

Note:Test stopped a t  538% to adjust Edison Load Maintainer. 



CONICAL RUN -13A 

. . 

F.ILE: 13 RECORD I 5 CHANNELS . 3 THROUGH 60 

KHAN 
3 
7 
11 
15 
19 
23 
2 7 
3i 
35 
39 
4 3 
4 7 
51 
5 5 
5'3 

F I L E :  13 RECORD1 6  CHANI4ELS 3 THFIOUGH 60 

KHAN 
3 
7 

11 
15 
19 
2 3 
21 
31 
35 
39 
43 
4 7 
51 
55 
5'3 

Note:Deflection Transducers Dl thru Dl0 were inoperative 
for test -llA 



CONICAL ISOGRID ADAPTER TEST RUN 13A 
- - 

ADPTHCZF 2 8 8 %  DATE; 11 / 1 4  / 73 TIME! 8 : 1 6  : 24 

F I L E :  1 3  RECORDS 7 CHANNELS. 3 THROUGH 6 8  

KHAN 
? 
7 

11 
15 
10 
25 
2 7 
3 I. 
35 
3 9 
45 
4 7 
51 
55 
5'; 

ADPTHC2F 3E0% DATE: 11 / 1 4  / 73 TIME: 3 : 1.i : 5 3 

f I L E :  1 3  RECORDS 8 CHANIdELS 3 TYROUGH 6 8  



- CONICAL ISOGRID ADAPTER TEST RUN L U  

ADPTRCGF 328% DATE8 11 / 14 / 13 TIME:  8 1 20 : 59 

F . I L E :  13 RECORD: 9 CHANNELS 3 THROUGH 60 

4ADPTRCZF 40% DATE1 11 / 14 / 73 TIME: H : 24 : 16 

F I L E :  13 RECORD: 10 CHANNELS 3 THROUGH 60 

KHAN 
5 
7 
11 
15 
19 
23 
2 7 
31 
35 
39 
43 
47 
51 
55 
59 



AOAPTR 52-F 40% DATE: 11 / 1 3  / 73 T I M E :  1 4  t 2 1  : 45 

F I L E :  1 2  RECORD: 2 9  CHANNELS 3 THROUGH 60  

CHAN 
.5 +2477. LD1 
i 0 1  

1 i 0 5 
1 5  . 0 9  
li) +b. D l 3  
23 -22. 53  
2; -1'31.. 57  
3 i  -278.. 5 1 1  
3 5 -2it0. :;Ir> 
3 ~7 -75.. 51,) 
43 +22. 523  
4 i -44.. 52'7 
5 1  -1b2.. 5 3 i  
53 -125. 1 3 5  
5 t 5 6 .  53: 

AOAPTR C2-F 220% DATE: il / 1 3  / 7 3  TI:.jE: 14  : 3.' : 1;) 

F I L E :  1 2  RECORD : 3 3 CHANf4ELS .1 Tdi:OJGH hB 

KHAN 
J + 1 3 6 i 6 .  LO1 +13565.  LO2 
7 0 1  0 2  

1 i. D5 D 6 
1 :;. D9 D ~ L  
1 : r  +41. Dl3 +:>he D l 4  
2 J  -163 .  5 3  +'t3. 54 
2 ;  -1015.. !;7 -1028. !>8 
31 -1146.. - 1 l J 6 .  512  
35 -747. 51> -1647.  516  
3 - 438 -  51'; -16.5 ; S2&3 
43 +125. 1 2 3  1.1'95. 524 
4! -454. 527 - 114 0 a. !,28 
5 i  - 8 2 G  531  -9.32. j 3 2  
5> -841.. 535 -675. 536  
59 +836. 539 +347. 5463 



CONICAL ISOGRID AIlAPTER TEST RUN 13A 

ADPTRCpF 340% DATE: 11 / 1 4  / 73 TIME: 8 1  3 k i :  1 7  

F I L E :  1 3  RECORD: 11 CHANNELS 3 THROUGH 60 

KHAN 
3 +20958.  LD1  +21065*  LD2 +5428. LD3 4-54d9- i-04 
7 D 1 D 2 +. 0 3  -. D4 

11 -'. 05  -. 0 6  -. 0 7  D 8 
15  D 9 D l 0  -261. D l 1  -208. D l 2  

, 19  +107. D l 3  +116. D l '+  ' -437.  5 1  -589. 5 2  
25 -368.. 53 +40 .  1>4 - 1 9 *  55  +133. 5 6  
2 /  -16'70: S7 -1939. -1034.. 59 -1548. Slld 
3 1  - 1 7 2 5 : S l l  -2350.. : ~ 1 2  -2026.  513 -1303. 51'4 
35 -116@*. h 1 5  -28(11. -2332. 517 -20f31. 5 l . i  
3'3 -18 70: 5 1  J -28 '?6 .  :,2a -20 7 % .  ~ 1 2 1  -2803. 522  
45 +218.. 523  -1-386. !924 -1468. !,25 -1910: I;2u 
47 -942 -  527  -2813. r e 2 i :  -18d5.  S2.1 -2755. !83E 
5 1  -1334.  5 3 1  -17 79.. !332 -721 -  535 -15511. 53L1 
55 -1415.. 535 -1102. !,3,; -27'17. 53  j + l d 8 .  533 
59 +271. 53'1 t555.. c , * 3  

ADPTXCZF 404 DATE: 11 / 1 4  / 73 TI!AE : 3 : 31 : 48 

F I L E :  1 3  R E C O R D :  12 CHnNi4ELS 3 THROUGH 611 



CONICAL ISOGRLD ADAPTER TEST RUN 13A . 

ADPTHCgF 360% DATE: 11 / 14 / 7 3  TIME: 8 1 34 : 1 H  

F I L E :  1 3  RECORD: 13 CHANNELS 3 TI1F:OUGH 60 

ADt1Ti(C2F 40% DATE: 1 l /  14 / 13 TIl4E: i l :  3:-. : 2i! 

F I L E :  1 3  RECORD: 14 CHANNELI; 3 T 3 i : O l i G H  6 0  



CONICAL ISOGRID ADAPTER TEST RUN 1% 

ADPTRCgF 380% DATE: 11 / 1 4  / 73 T I M E :  8 : 3i l  : 36 

.F ILE:  1 3  RECORD: 1 5  CHANNEL5 3 THROUGH 68  

KHAN 
3 
7 

11 
1 3  
19  
2 3 
2 7 
3 1  
3 5 
3 9 
4 3 
4 7 
51 
55 
59 

+23453. LO1 
D 1 

-! 05 
D 9 

+126. D l 5  
-454.. 53  

-1886: 57 
-1944.. S l l  
-1372: 515 
-1227.. 51:) 

t 245 .  I i23  
-1073.. 52 !  
-1512: 5 3 1  
-16% *. !;35 

2 4 . 5 3 '7 

ADPTHC2F 4 8 %  DATE: 11 / 4 / 73  TIME: 8 : 40 : 1 5  

F I L E :  13  RECORD: 1 6  CHANNELS 3 THROUGH 611 

KHAN 
3 
7 

11 
15  
19 
2 3 
2 1 
31 
3 5 
39 
43 
47 
51  
5 5 
59 

*2386 .  L D i  +2506., 
D 1 

- a  0 5  -. 
D 9 

+16. D l 3  +13. 
-34. 53 +2 

-179 .  57 -73. 
-3d2. 5 1 1  -186. 
-284.. 515 -261. 
-156.. 51'1 -257 

+22*  523  t 2 9 .  
- 2 9 .  527 -36. 

-110. 53.i -9 8 
-137. S35  -84. 

+79. 53,) + 2 9 -  



CONICAL ISOGRlD ADAPTER TEST RUN 13A 

ADPTRC2F 4B0X DATE: 11 / 1 4  / 73 TIME! 8 2 42 : 34 

F I L E :  13 RECORD: 17 CHANNELS 3 THROUGH 60 

KHAN 
.1 
7 
11 
15 
1 -> 
2 3  
2'7 
3 1 
35 
37 
43  
4 7 
5 1~ 
5 5 
c j  7. 

AOPTRCLF 40% DATE: 11 / 14 / i3 TIr4E: 3 : 4 5  : 5 . )  

F I L E :  13 F:ECORD : 1 13 CYANNFLS 3 TiF:OUGH 6 0  

+2386. L D i  
01 -. D5 
U9 

+18. D l 3  
-34. 53 

-179. 57 
-315. 511 
-289. 513 
-171. Sl:l 
+17*, 523 
-37. 5 2 ;  

*I050 531 
-135. 551 
+79. 5 3 , i  



CONICAL ISOGRIDADAPTER TEST RUN13A 

ADPTHC2F 4 2 0 %  DATE: I1 / 1 4  / 73 T I M E 8  8 : 4 7  : 4 3  

F I L E :  13 RECORD: 19 CHANNELS 3 THKOUGH 68 

K H A N  
3 
7 

1 i 
15 
1') 
2 3 
27 
31 
3 5  
3 3 
43 
4  / 
5 1 
5 5 
59 

JADI'T!IC~F 4 0 %  DATE: 11 / 14 / 73 T I I I E :  8 :  4 ;  : 6 ,  

FILE: 13 RECORD: 20 CHANIdELS 3 T-IEOUGH 6 8  

KHAN 
3 
7 



CONICAL ISOGRID ADAPTER TEST RUN 13A 

ADPTHC2F 448% DATE* 11 / 14 / 73 TIME: 8 1 5 1  : 2') 

F I L E :  1 3  RECORD: 2 1  CHANNELS 3 THROUGH 68 

ADPTttC2F 40% DATE: 11 / 4 / 7 3  TI! IE:  U : 5 3  : 2 /  

FILE: 1 3  RECORD: 2 2  CHANIJELS 3 TiROUGH 6 0  

KHAN 
3 
/ 

1 i 
15 
1 J 
23 
2 7  
31  
35 
39 
4 5 
4I 
51 
5 5 
59 



CONICAL ISOGRID ADAPTER TEST RUN 13A 

ADPTHCZF 4 6 0 1  DATE: 11 / 1 4  / 73 TIME: 8 : 5 7  : 1 3  

F I L E :  1 3  RECORD: 2 3  CHANNELS 3 THROUGH 6 0  

-. D6 
D l d  

+ l a @ .  D l 4  
-28. 5 4  

-3642.  58 
-39773.  512  

-4411.. !J16 
-43,)9'. 1;2(6 

+422. 524  
-2874: 3 2 0  
-3815.  !;32 
-17!:r5. 5 3 6  

+6'11. 548 

ADPTRC2F 40% DATE: 11 / 14 / I 3  T I M E :  0 :  5 : :  36 

F I L E :  15 RECORD: 24 CHANNEL5 3 THEOUGH 60 

CHAN 
3 
I 

1 i 
1 5  
1s  

t.2467. 1-02 
0 2  -. D6 
D l d  

+18.  D l 4  
t 4 .  54  

-11/3. 
- 1 3  '.el2 
-235.  !,I6 
- 5 5 2 -  520 
+22. S2'+ 

-9.  !;23 
-111. !;32 

-84.  ! ~ 3 6  
+4B. 54d 



CONICAL ISOGRID ADAPTER TEST RUN 1% 

ADtlTRCgF 480% DATE: 11 / 1 4  / 73 TIME: 9 :  3 :  11 

F I L E !  1 3  RECORD: 2 5  CHANNELS 3 TilROUGH 60  

KHAN 
5 
7 

11 
1 5  
1 9  
2 3 
2 7 
3 1  
35 
3 '3 
4 3 
4! 
51 
5 5 
59 

AOPTRC2F 40% DATE: 11 / 1 4  / 73 TIME: 0 :  5 :  53 

F ILE:  1 3  RECORD: 26  CHANNEL5 3 THROUGH 60 

+2405.. LO1 
U1 

- .  05  
D9 
D l  3 

-27. 53  
-188. 57  
-3780 S l l  
-211. 515 
-181 -  517 

+ 1 4 *  523  
-106 -  527  

-76. 5 3 1  
-142.. 535 

- 4 1 -  53'3 

Note:Deflection Transducers Dl1 thru Dl4 were disconnected prior to 
48070 loading increment. They were inoperative for the remainder 
of the test 



CONICAL ISOGRID ADAPTER TEST RUN 13A 
- - 

AOt'TRCgF 5 0 0 %  OATEI 11 / 14 / 7 3  TIME: 9 :  8 :  48 

F I L E :  13 RECORD: 2 7  CHANNELS 3 THROUGH 6 0  

JAOPTl(C2F 40% DATE: 11 / 14 / 7 3  TIIAE: 9 :  . ! :  50 

FILE: 13 RECORD: 28 CHANNEL5 3 THROUGH 6 0  



CONICAL ISOGRID ADAPTER TEST RUN 13A 

ADPTRCSF 520%. DATES 5 1  / 14 / 73 TIME: 9 : 13 : 51 

F I L E :  13 RECORD: 2 9  CHANNELS 3 THROUGH 6 0  

KHAN 
5 

'-f  5 
11 
15 
19 
23 
2 ?  
31 
35 
39 
43 
4 7 
51 
55 
59 

8ADPTRCEF 40% DATE: 11 / 14 / 73 TIME: 9 : 15 1 1,) 

F I L E :  13 RECORD: 30  CHANNEL5 3 THROUGH 6 0  



CONICAL ISOGRLD ADAPTER TEST RUN 13A 

AOPTKC2F 540% DATE: 11 / 14 / 73 TIME: 9 1 18 2 4 7  

F I L E :  13 RECORD1 3 1  CHANNEL5 3  THROUGH 60 

ICHAN 
3 

IAOPTHC2F 40% DATE: 11 / 14 / 7 3  TIIAE: 1 2 1 :  38 

FILE: 13 KECORD: 32 CHANNELS 3 THROUGH 60 
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APPENDIX B 

CONICAL ADAPTER STRUCTURES 

B. 1 INTRODUCTION 

The purpose of the this handbook-section i s  to present analysis techniques and data for 
evaluating the load carrying capabilities of conical isogrid structures subjected to 
axial compression and body bending loads. The critical failure mode is taken to be 
compression. 

Figure B-1 shows an end view of the type of isogrid adapter structure to be 
treated. The grid members a r e  flanged. ~ f f ec t ive  isogrid triangle sizes increase 
with distance from the small diameter mounting flange. Rectangularly pocketed 
transition sections at the small and large diameter mounting flanges provide good 
edge fixity to resist bending in the plane of the cone and minimize hard point loading 
in the isogrid structure. 

The approch of this handbook-section will be: (1) to review analytical techniques 
for predicting general and local instabilities in cylindrical isogrid structures, (2) to 
outline modifications to these techniques for applicability to conical isogrid structures, 
and (3) to present results of test data in the form of knockdown factor corrections 
to be used in sizing isogrid conical structures. 

B. 2 CYLINDRICAL ISOGRID ADAPTER-STRUCTURAL ANALYSIS 

Two methods for predicting isogrid general instability a r e  presented. These are: 
(1) the McDonnell Douglas analysis from Reference B-1 and (2) an analogy with the 
skin stringer analysis (by Becker) from Reference B-1 developed in this handbook 
section. 

Local structural instabilities considered a re  flange, web, skin, and grid-member 
column buckling. 

B. 2.1 DEFINITIONS OF SYMBOLS 

Critical loads analyses a r e  based on the generalized isogrid member cross section 
shown in Figure B-1. The symbols used in Figure B-2 a re  defined in the following 
list. The computer printout symbols a r e  in parentheses. The node and corner 
machining radii, rl and r 2 ,  a r e  common. 



FIGURE B-1. CONICAL ISOGRID ADAPTER. 

33-8 



Node-to-node spacing 

tl(T), t2 (U) 

t (T BAR) 

w(W) 

A' 

E 

Web width 

Inner flange thickness 

Web height 

Web shoulder height 

Height of isogrid 
triangle. 

Fillet, corner and 
undercut machining 
radii (rl = r2 - w/2 
+ b1/2) 

Isogrid cross-section 
height 

CUTTER 

E 
I 

I 

EFFECTIVE 
SKIN WIDTH 
= 23.5  t l  

FIGURE B-2. ISOGRID CROSS- 
SECTION. 

Skin thickness, outer flange th ichess  

Smeared out isogrid thiclcness 

Flange width 

Area of equivalent isogrid I-beam member cross-section 

Young's modulus 

Material yield strength 

Moment of inertia of equivalent isogrid I-beam 
cross-section 

Critical edge load (subscript 1 for general stability, 2 for 
skin buckling, 3 for web crippling, 4 for flange buckling, 
Y for material yield, and X for grid member column 
instability) 



R(R) Cylinder radius (to grid cross-section neutral axis) 

P Isogrid member radius of gyration based on I and A * 

Two grid orientations shown in Figures B-3 and B-4 a r e  considered. 

B.2.2 GENERAL INSTABILITY (McDONNELL DOUGLAS METHOD). The edge loading 
for general instability from the Isogrid Handbook (Reference B-1) with corrections is: 

where 

y = knockdowxi factor (taken a s  0.65 per Reference B-1) 

v = Poisson's ratio (taken as 0.3) 

FIGURE B-3. ISOGRID ORIENTATION "a". FIGURE B-4. ISOGRID ORIENTATION "b". 



In Eq. B-4, t is the smeared out skin and outer flange thickness, to be referred 
to as  Case A ,  in which the skin is assumed to be fully effective in reacting compressive 
edge loading (by developing a tension field or compressive stresses). 

In Eq. B-5, t is the smeared out skin and outer flange thickness, to be referred to 
as Case B, in which an effective width of 23.5 tl parallel to the inner flange edge is as- 
sumed effective in reacting edge loading(tota1 effective width = 47 tl for each stiffener). 

(Reference B-1 erroneously shows (l + A )  for the (6 + A )  terms in Eq. B-9). 

The above analysis (as presentedin Reference B-1) is independent of orientation 
"a" or  "b" (Figures B-3 and B-4). 



B. 2.3 GENERAL INSTABILITY (ANALOGY BASED ON REFERENCE B-2). The 
allowable compressive stress for a frame-skin-stringer cylinder subjected to bending 
from Reference B-2 is given in Eq. B-15. This is  based on the assumption that 
spacings of longitudinal stiffeners and circumferential frames a r e  uniform and small 
enough to permit assumption that cylinder a d s  a s  orthotropic shell. 

where 

F = Compressive stress at bending general instability (psi) 
C 

b = Stringer spacing (in.) 

d = Frame spacing (in.) 

R = Cylinder radius (in.) 

t = Skin thickness (in. ) 

2 
A = Stringer area (in. ) 

S 

L 
Af = Frame section area (in. ) 

t = Distributed stringer area = A /b 
S S 

t = Distributed frame area = A d 
f 4 

4 
p s 

= Stringer section radius of gyration (in. ) 

4 
f' f 

= Frame section radius of gyration (in. ) 

E = Modulus of Elasticity bsi) 

B. 2.3.1 ISOGRID ORIENTATION "a" (FIGURE B-3). To obtain an analogy with the 
general stability criteria in Eq. B-15, the following equivalences between a skin- 
stringer-structure and the isogrid in orientation "a" a r e  used. The symbols in brac- 
kets a r e  the defining parameters in Eq. B-15. Other symbols a r e  a s  defied in 
Subsection B. 2.1. 



a .  Frame spacing [dl = h 

b. Stringer spacing [b] = h/cos 30" 

L 

c.  Stringer cross-section area [A ] = 2.4' cos 30" + 2tlh sin 30" 
S .  

This is based on the assumption that the isogrid diagonal members, having 
a cross-sectional area A: are longer than the skin in line with the applied 
load by a factor of l/cos 30". Consequently they can only develop a force 
cos 30' a s  great as if they were in line. In this condition they could develop 
the same stress a s  the skin if  crippling or buckling does not occur. Since 
the force in the diagonal members have a cos 30"-component in the direction 
of external loads and there are two diagonal members per stringer spacing 
the effective stringer area is 2 A' cos2 30'. The 2 tlh sin 30" is the contrib- 
ution of the skin to the effective stringer cross-sectional area when not 
limited by buckling or when load reacting tension fields develop in the skin. 

d. Frame or stringer section moment of inertia = I. This conservatively 
neglects the contributions of the diagonal numbers to the available frame- 
equivalent section moment of inertia available in isogrid. 

e. Frame or stringer section radius of gyration [ps = pf] = p 

f. Frame radius [R] = R 

g. Skin thickness [tl = tl 

Using the above definitions in Eqs. B-15 to B-17. 

A' and I are, respectively, grid member cross-sectional areas and moments of 
inertia about an axis parallel to the plane of the isogrid. The I is based on the con- 
servative approximation that the neutral axis passes through the midpoint of a grid 
cross-section. Chosen grid cross-sections should in effect have this property. 

p is the grid member radius of gyration, t is as  defined in Eq. B-4 and B-5 for skin 
effectiveness Cases A and B, and h is as defined in Eq. B-14. 

B-7 



B. 2.3.2 ISOGRID ORIENTATION (FIGURE B-4). The following analogies are 
made in this case. 

a. Frame spacing [dl = h/cos 30" 

b. Stringer spacing [b] = h 

c. Stringer cross-section area [A,] = 1.5 A' + tlh 

This is based on the conservative assumption that the webs in line with the 
applied load develop full s t ress  while the two diagonal webs develop 1/2 
msudmum stress. Also the diagonal members transmit only 1/2 of their 
developed load to the direction in-line with the external load. The tlh is the 
contribution of the skin to the stringer cross-section. 

d. Frame section moment of inertia = 21 (cos 30°)/h. This is due to two 
diagonal webs providing frame stiffness a t  each stringer intersection. 

e. Frame or  stringer radius of gyration [p = p f l  = P  

f. Frame radius [R] = 1.54 R 

This is because the diagonal rings a re  elliptical and have a maximum radius 
of 1.54 times as great as that of the rings for the most critical loading condition. 

g. Skin thickness [t] = tl 

Using the above definitions in Eqs. B-15 to B-17. 

Parameters in Eq. B-23 are  defined in Eqs. B-19, B-22, and Subsection B. 2.1. 

Eq. B-18 will be used in numerical analyses. Results from Eqs. B-18 and B-23 
are generally comparable. 

B. 2.4 SKIN BUCKLING 

Edge load intensity at which skin buckling occurs (Reference B-1) is 

where 

C1 = knockdown factor (taken as 10.2 per Reference B-1) 

A = ( l + p + o l ) t  

A l l  other terms are as previously defined. 

B-8 



In the case of the Convair Aerospace flanged isogrid structures, skin buckling is 
allowed to occur at load intensities significantly lower than those inducing general in- 
stability or  other local crippling. The skin, however, does develop a tension field in 
which state it may be effective in reacting applied loads and contributing to general 
stability. 

In the case of unflanged isogrid, o r  when skin buckling, general instability, and 
other local crippling loads are of the same order of magnitude, the load carrying cap- 
ability of the structure is nominally determined by the lowest critical load. 

B.2.5 WEB CRIPPLING 

Edge load intensity at which web crippling occurs (Reference B-1) is 

where 

C2 = hockdown factor (taken as 4.4 per Reference B-1). Other terms are  as 
previously defined. 

B. 2 .6  FLANGE BUCKLING 

C3 = knockdown factor (taken as 0.47 per Reference B-1) 

B. 2.7 MATERIAL MELD 

The edge-load intensity at which material yield strength is a determining factor is 

- F  A N~~~ cy (B-28) 



B. 2.8 COLUMN STABILITY 

Edge-load intensity for short aluminum (Fcy = 59,000 psi) column instability 
a (i.e., for - < 79) is 
P 

Instability normal to the isogrid plane is assumed in Eq. B-29. Column instability 
of the grid members in the plane of the isogrid i s  generally prevented by the sk i  when 
present. In the case of open isogrid, it is  assumed that an enclosing o r  meteoroid pro- 
tecting skin is bonded to the structure and that this skin affords stability to the grid 
members in the plane of the isogrid. When this is  not the case, column instability in 
the isogrid plane must be considered. (Effective column length in this case i s  a - 2rl.) 
For  long columns (alp 2 79) column instability is predicted by the Euler column equation. 
Since most isogrid geometry falls in the short column range, only the short column 
allowable was calculated. When NCR5 for column instability i s  less than NCRl for gen- 
eral instability, i t  is  recommended that a check be made for a/p 5 79. 

B. 3 CONICAL ISOGRID ADAPTER - STRUCTURAL ANALYSIS. 

The above general instability analyses a r e  for a cylindrical shell of revolution and 
a r e  modified for application to a conical shell of revolution. The model assumed for 
this modification is shown in Figure B-5. The allowable general instability edge load 
intensity, Ncr, in the plane of the conical structure at a point 0 is  computed on the 
basis of an equivalent cylindrical shell radius of R sin 8 a s  defined in Figure B-5. 

B. 3.1 TEST RESULTS 

The isogrid conical adapter (Figure B-1) was tested and failed by a combined body 
bending moment of 2.83 x l o6  in.-lb and axial load of 86,025 pounds. Figure B-6 
shows the failed specimen and identifies panel numbers. Strain gage and deflection 
data indicates that structural failure was initiated in panels 1, 2, o r  6. 

Figures B-7 through B-16 present the theoretical and calculated actual failure 
loads data for damaged areas in panels 1, 2, and 6. The theoretical general instability 
allowables in Figures B-7 through B-11 are  based on the McDonnell Douglas method 
of analysis, see Subsection B. 2.2. Case B of this analysis i s  assumed, in which 
a n  effective skin width of 23.5 tl parallel to the inner flange edge is effective in 



FIGURE B-5. EQUIVALENT CYLINDER GEOMETRY. 

reacting edge loading. The curves of critical load intensity, Ncr  in the plane of the 
cone, a r e  all plotted as  a function of A, the node-to-node spacing in the plane of the 
isogrid, and the radius to the grid is  function of A according to the model in Figure 
B-5. Figures B-12 through B-16 present similar data except the general instability 
allowables a r e  based on the methodology of Subsection B. 2 .3  and column buckling 
allowables a r e  presented in place of the material (F ) allowables. 

CY 

In most cases critical loads due to flange and web crippling f a l l  at levels beyond 
the chosen ordinant scales and therefore do not appear in the plots. 





1 h 9 IZ I E 

R INCHES 
T:0.036 0~0.602 5~0.730 W:0.L1ZS 

Uz0.0SB Cz0.067 6z0.0S6 Ez0.065 



E. - 9 12 If. - 

fl INCHES 
T=0.093 D:0.S92 50.730 W:O.'iZLl 

U:0.0SS Cg0.083 0z0.0SB Ez0.079 

B-14 



(McDONNELL DOUGLAS 
ANALYSIS) VS ACTUAL CRITICAL LOADS BASED ON 
AVERAGE CROSS-SECTION IN FAILED AREAS O F  

1 E 9 Is. 

fl INCHES 
Tz0.033 Dz0.63L1 5~0.730 W:0.'i08 

u=0.0~2 c=er.o~~r ~ ~ 0 . 0 5 ~ 1  ~ ~ 0 . 0 7 ~  
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B. 3.2 CONCLUSIONS FROM TEST RESULTS 

Data for six potential failure modes were presented in Subsection B.3.1: skin buckling, 
material Fey, stiffener flange crippling, stiffener web crippling, column buckling, and 
general instability. Comparing the theoretical critical loading for each of these failure 
modes with the actual loading in Figures B-7 through B-16 the most likely failure mode 
for the adapter can be selected for two different analytical models. 

B. 3.2.1 SKIN PANEL BUCKLING. The flanged isogrid test specimen was designed 
to r e a d  loads and maintain stability primarily as  a result of the load carrying capa- 
bilities of the integrally machined I-beam cross-section grid members. Compression 
buckling of the triangular skin panels is permitted. As seen in Figures B-7 through 
B-16 skin buckling occurs at load intensities significantly lower than the other theoreti- 
cal and actual loads. This does not constitute structural failure since grid members 
can r e a d  load independent of the buckled state of the skins. Since some load i s  
obviously carried by the skins, an effective width of skin (i. e . ,  23.5 tl) i s  included 
in the stiffener cross section when calculating critical loads for other modes of 
failure. 

B. 3.2.2 MATERIAL Fey. Although inelastic buckling of the structure is  possible, 
all of the analysis methods used assumed elastic behavior. Critical loading based on 
the material Fcy was thus selected a s  a convenient upper limit cutoff for the theoreti- 
cal capability of the structure. Comparing the material Fcy allowables with the 
actual failure loads in Figures B-7 through B-16, it is  obvious that failure due to gross 
yielding of the structure can be ruled out. 

B.3.2.3 STIFFENER FLANGE AND WEB CRIPPLING. Critical loads for stiffener 
flange and web crippling a re  so large they fall near or outside the limits of the plots 
in Figures B-7 through B-16. It can thus be concluded that failure was not precipi- 
tated by local crippling of the stiffener cross-section. 

B. 3.2.4 COLUMN BUCKLING AND GENERAL INSTABILITY. Column buckling and 
general instability a r e  the two most difficult failure modes to accurately predict. Be- 
cause of this and the closeness of the column buckling and general instability curves 
in Figures B-12 through B-16 possible ambiguities exist a s  to whether failure of the 
test specimen was attributable to general instability or column buckling. 

B.3.3 SUMMARY OF TEST RESULTS 

Table B-1 summarizes the possible conclusions obtained from the comparisons of data 
in Figures B-7 through B-16 with reference to column-buckling and general-instability 
failure modes. 



TABLE B-1. SUMMARY OF THEORETICAL AND ACTUAL CRITICAL LOADS COMPARISON. 

*Per Subsection B. 2.2. 
**Per Subsection B. 2.3. 



The McDonnell Douglas general instability analysis predicts critical loads 
approximately 25% higher than the calculated actual loads whereas the Becker analy- 
sis predicts critical loads approximately 2C% lower than actual. The theoretical 
column buckling and actual calculated failure loads a r e  in close agreement. 

From this comparison it i s  obvious that, due to the many variables such a s  
antielastic curvature, eccentric loading, section warping, and column fixity which 
cannot be accurately accounted for in the analyses, either column buckling o r  overall 
general instability could have precipitated failure of the test specimen. 

The approximate analytical methods developed in this report a re  adequate for 
initial sizing of conical flanged isogrid structures. However, based on the results 
of the single test performed, the general instability knockdown factor should be 
reduced by 25% for the McDonnell Douglas method and increased 2@% for the Becker 
method. 
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