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F O R E W O R D  

J t a t i c  structural  t e s t s  were per- 
formed on the Apollo LEM docking drogue 
assembly t o  ultimate loads beg i~ l ing  on 
January 11, 1967 and ending on February 15, 
1967. 

The t e s t  was conducted'by the  
Structures Test Croup of Laboratories and 
Test a t  the  Space and Informstion Systems 
Division of North American Aviation, In- 
corporated, a t  Downey, California. 

The t e s t  was performed i n  accord- 
ance wlth TR 332015 Revision "A", written 
by the Apollo En ineering Structures group, 
t o  cer t i fy  the  S$C 101 Structural system 
aa required by Certification Test Require- 
ments (cTR 09332015). This report i s  the 
f i na l  t e s t  report as required by Exhibit I, 
paragraph 5.5.12 of Contract NAS 9-150. 
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me s t a t i c  structural  t e s t s  were performed t o  demonstrate 
tha t  the Apollo - LEM docking drogue assembly w i l l  sustair, 
l imi t  design loads without yielding and ultimate design 
loads without failure. 

* U e L I C I I I O N  D A T E  

Limit loads were applied without yielding and ultimate loads 
vere applied without failure.  
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I N T R O D U C T I O N  

The first requirement of the Apollo - LEM 
docking drogue assembly during the docking maneuvers 
of the Apollo mission is to withstand, structurally, 
the forces induced by the Apollo.probe in its initial 
impact with the LEM vehicle. 

This test program %as conducted to verify 
the structural integrity of the Apollo - LEN docking 
assembly when subjected to the design ultimate probe 
tip impact forces. The purpose of the test program 
was successfully achieve3 by forcing a dmmy probe 
tip ngninot the arogue surface nt four defined 
points. 



The test a r t i c l e  was an Apollo - LEM docking drogua 
assembly ( ~ 2 8 - ~ 5 ~ ) 1 ) ,  Ser ia l  Number 06362YA~5606. 

11'. TEST CONDITIONS 

The t e s t  load was the  maximum resultant probe t i p  
impact load applied normal t o  the face of the  drogue. The TR 
defined a 1Mt load of 2380 pounds increased by a temperatuce 
factor of 1.15 t o  make the  applied l lmi t  load 2737 pounds. The 
ultimate load factor was 1.35, making the applied ultimate load 
3695 pounds. This load was applied four times, once t o  each of 
the  locations indicated i n  Figure 1. A lying the loadt.0 
point (A) was defined as  Test Conditi0nyT.C.) I A .  Applying 
the load t o  point (B) was T.C. IB, and so on. In  compliance 
with Reference (b), T.C. I A  was repeated v i th  the load increased 
t o  150 percent of l imit  load, 4,106 pounds. 

The drogue assembly was mounted i n  a t e s t  f ixture 
equipped with s ix  simulated LEM interface f i t t ings .  The s ix  
f i t t i ngs  permitted the drogue t o  be rotated i n  60 degree in- 
crements relative t o  the hydraulic loading cylinder. The 
hydraulic cylinder could be positioned l inearly para l le l  t o  
an element of the inner surface of the drogue; thus, any of 
the  four load points of Figure 1 could be aligned under the 
loading t i p .  Figures 2 and 3 show the  drogue i n  two positions 
which use a l l  ,six support f i t t ings .  Figures 4 and 5 show the  
s t ra in  gage locations on the drogue and Figure 6 s h m  how 
deflection measurements were taken, u s i w  four d i a l  indicators. 

III. TEST SEIWP (continued) 

Figurea 7 and 8 show the loading probe t i p  In two typical 
positions. 

A l l  channel# of instrumentation were e lec t r ica l ly  
connected t o  a 100-channel recorder. The d i a l  indicators 
shown i n  Figure 6 were manually read and recorded. 

IV. TEST PRWHXTRE 

m e  t e s t  conditions were performed in  alphabetical 
order of load points, Figure 1. Thus, the drogue and loading 
cylinder wore Inlt.lnlly pnnit,lrinnd to npp1 y Ion8 nt point. "A", 
Pigure ' r .  111s load was applied i n  10 percent increments t o  
130 percent and the f i na l  increment took the load t o  135 per- 
cent or ultimate load. Decreasing load was read a t  100, 50 
percent and zero return. The drogue was then repositioned as 
shown i n  Figure 2 afid the  loading assembly moved t o  the position 
of Ngure 8 fo r  loading a t  point "B". The load was applied 
similar t o  the procedure fo r  T.C. I A .  Tests a t  points '%" and 
"Dm followed i n  that  order. In  compliance with Reference (b), 
T.C. I A  was repeated t o  150 percent of l imit  load, follarlng the 
combined probe and drogue t e s t s  reported in  SID 67-317. 

The required t e s t  data are  presented graphically as  
Appendix A. Visual inspection of the drogue face a f t e r  the 
t e s t s  showed l ight  indentation9 a t  several, load points, in- 
dicating pa r t i a l  crushing of the  honeycomblcore. These areas 
were inspected and measured by B.A.A. Inspection person-1. 
The inspection results  e re  l i s ted  i n  Table 1. 



The loads applled t o  the  drogue i n  t h i s  t e s t  ser ies  
simulate t he  i n i t i a l  contact ~ & e  by the  probe during docking 
maneuvers. Follarlng the f i r s t  ser ies  of four tes ts ,  t h i s  same 
drogue was subjected t o  the  subsequent-to-capture-latch loads 
as reported i n  SID 67-317. Then T.C. IA was repcatsd t o  150 
percent l imit1 load. Since the  drogue sunrived a l l  these t e s t s  
without further indications of ylelding or failure,  t h i s  specimen 
danonstrated i t s  capability t o  perform the  complete docking 
maneuver, and the  indentations defined i n  Table 1 a re  not con- 
sidered t o  be structural  failures. 

The t e s t s  were performed i n  accordance v i th  TR 332015A, 
Reference ( a ) ,  The applied t e s t  loads were current and sa t i s -  
factory. 

Because the t e s t  a r t i c l e  sustained 100 'percent of 
ultimate load vlthout failure,  the t e s t  sa t i s f ied  the require- 
ments of CTR 02332015, and i n  conjunction wlth the satisfactory 
completion of t e s t  requirements s e t  forth i n  CTR 02332077 
complete the cert if ication of the  LEI4 docking drogue assembly. 
Therefore, the f l ight  constraints against t he  related structure6 
of Spacecraft 101 and subsequent Block I1 spacecraft v i l l  be 
removed. 
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Figure 2. DROGUE SUPPORT ORIENTATTON FOR TEST CONDITION I C  
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Figure 4.  STRAIN GAGE L€CATIONS 

1. ,Rosette orientation and location 

!<Coded gages are on outside face sheet 

lc~oded gages Bre back-to-back with @ @ @ on inside face sheet 

Axial gage orientation on Figure 5 

- 8 - S I D  67-318 Figure 5, AXIAL STRAIN GAUE LCCATIONS 
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LOAD N0.2 LOAD u0.3 

igure 6. DIAL INDICATOR ORIEWTATION AND IDFXPIFICATIOIJ 

Figure 7. LOADING SEIUP FOR TEST CONDITION I A  
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TABLE I 

INDENTATIONS MEASURED AT LOAD POINTS AFTER TESTING 

Load Point 

A 
i 

B 

C 

D 

Indentation 
Depth 

.000 t o  0.10 

.000 t o  0.010 

.000 t o  0.125 

no indentation 

Indentation Area 

2 in .  diameter 

1L - 2 In. diameter 

in .  long x 2 in. wide 



A P P E N D I X  A 

TBgT CONDITION IA: DIAL INDICATOR DISFLEX:TION DATA 
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