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The instruments carried on board the spacecraft "Luna-13" for deter- 
mining the density and mechanical strength of the lunar soil and their 
ground calibration are described briefly. Some results of the experi- 
ment are presented. 

The pr incipal  objec t ive  of the automatic  lunar s t a -  
tion "Luna-13" was to conduct the f i r s t  de te rmina t ion  
of the densi ty and penet ra t ion  r e s i s t a n c e  of the sur face  
layer  of lunar soi l  using ins t ruments  deployed at the 
landing si te  (Fig.  1). 

The de te rmina t ions  were  made with a mechanica l  
so i l -gauge  pene t rome te r  and a rad ia t ion  dens im e te r  
opera t ing  independently. 

In designing and ca l ibra t ing  these  ins t ruments  and 
working out methods of decoding the t e l e m e t r y  f rom 
the moon it was n e c e s s a r y  to solve  some compl ica ted  
problems assoc ia ted  with the max imum mina tu r i za t ion  
of the apparatus ,  the choice of m a t e r i a l s  for s imula t ing  
the lunar soi l ,  and al lowance for the effect  of the i r -  

r egu la r i t i e s  of the lunar sur face .  
F o r  example,  the p e n e t r o m e t e r ,  which weighed 

70 g on the moon, developed an indenter  load 100 t imes  
g r e a t e r  than its weight,  while the compl ica ted  e l ec t ron ics  
of the radia t ion  dens ime te r  were  squeezed into a space  
measu r ing  1.5 dm 3. The exper ience  acqui red  in deve l -  
oping these  in t ruments  will  undoubtedly be useful  in 
designing s i m i l a r  apparatus  for  t e r r e s t r i a l  sc ient i f ic  
and surveying  expedi t ions.  

The pene t rome te r  (Fig.  2) was intended for e s t i -  
mating the mechan ica l  s t rength  of the soil .  It cons is ted  
of a p las t ic  housing, the lower par t  of which fo rmed  a 
flat r ing m e a s u r i n g  7.15/12.0 cm in d i ame te r ,  and a 

titanium indenter with a conical head. The indenter 
cone angle was 103 ~ , the maximum diameter of the 
cone 3.5 cm. The indenter could be extended up to 
5 cm. The displacement relative to the housing was 
m e a s u r e d  with a po ten t iometer  that de l ive red  a signal 
to the t e l e m e t r y  sys tem.  

The upper  pa r t  of the indenter  s e rved  as the case  of a 
so l id -prope l lan t  rocket  motor  with the noz zle turned 
upward. The command to ignite the moto r  was sent af ter  
the spacecra f t  had landed, opened its petals ,  and deployed 
the ins t rument .  Under lunar  conditions the m o t o r b u r n s  
for  about 0.8 sec with th rus t  of about 6.5 kg. 

The depth of penet ra t ion  of the indenter  was radioed 
back to ear th ,  and subsequent  in te r roga t ion  of the s y s -  
tem provided informat ion about changes in the posi t ion 
of the indenter with t ime.  

The ins t rument  was ca l ib ra ted  on m a t e r i a l s  that 
s imula ted  the assumed nature of the lunar  su r face .  

Al together ,  14 m a t e r i a l s  were  employed,  s ta r t ing  with 
a ve ry  s t rong  porous andes i t e -basa l t i c  lava and ending 
with a light expanded pe r l i t i c  sand; the p roper t i e s  of 
these m a t e r i a l s  r e f l e c t  the a s sumed  p rope r t i e s  of lunar 
soi ls  ranging f rom rock  to dust. Ar t i f i c i a l  as well as 
natural  m a t e r i a l s  were  tes ted,  for example ,  foam, 
concre te ,  foam glass ,  aglopori t ,  etc.  

The re su l t s  of the ground ca l ib ra t ion  tes t s  a r e  p r e -  
sented in the table.  

In o rde r  to a s c e r t a i n  the effect  of the specia l  con- 
ditions exis t ing on the moon, tes ts  w e r e  conducted in 
a vacuum chamber  and the dependence of the depth of 
penetra t ion of the indenter  on the acce l e ra t ion  of g ray -  

Fig. i.  The automatic lunar station "Luna-13., Center, the 
spherical spacecraft; left, the extensible mechanism for de- 
ploying the soil-gauge penetrometer; right, the extensible 
mechanism for deploying the radiation densimeter detector. 
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ity was also investigated (in an aircraft flying a tra- 
jectory along which the acceleration was equal to the 

Fig.  2. Externa l  view of the so i l -  
gauge pene t rome te r  with indenter  

extended. 

lunar gravity) .  It was found that as a r e s u l t  of the r e -  
duced gravi ty  the depth of penet ra t ion  into the tes ted  
soi ls  is i nc reased  on average  by 70%. Because  of the 
vacuum conditions the motor  th rus t  is 8.5% g r e a t e r  
than its value on the ground. 

The radia t ion  dens ime te r  was intended for d e t e r -  
mining the densi ty  of an upper layer  of the lunar soi l  
up to 15 cm thick. It cons is ted  of a de tec tor  (Fig.  3), 
at tached to an extensible  a r m  and applied d i rec t ly  to 
the lunar sur face ,  and an e l ec t ron ic s  unit c a r r i e d  in- 
s ide the spacec ra f t  and designed to p rocess  the infor-  
mat ion f rom the de tec tor  and t r ansmi t  it to the t e l e -  
m e t r y  sys tem.  

The de tec tor  contained the rad ioac t ive  isotope 
ces ium-137 with an act ivi ty  of 1 rag.  eq rad ium,  a 
lead shield,  and th ree  groups of gamma counters .  The 
opera t ing  p r inc ip le  of the dens ime te r  is as  follows: 
gamma quanta emi t ted  by the isotope in te rac t  with the 
soil .  Some a re  absorbed by the soi l ,  while o thers ,  
af ter  mult iple  sca t t e r ing ,  r e tu rn  to the de tec tor  and 
a re  r e g i s t e r e d  by the counters .  The re la t ion  between 
the intensi ty of the r e g i s t e r e d  sca t t e r ed  radia t ion  and 
the soil  densi ty co r responds  to a parabol ic  curve  that 
is convex upward and has a max imum at a densi ty of 
1.5 g / c m  3. The ascending branch of the curve  c o r r e -  
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sponds to materials with densities from 0.i to 1.5 and 
the descending branch to materials with densities from 
1.5 to 2.6 g/cm 3 (in terrestrial units). 

Accordingly, any counter reading" corresponds to two 
density values--less than and greater than 1.5 g/cm 3. Since 
it is improbable that there are material s of density greater 

than 1.5 g/cm ~ on the lunar surface, the density on the 
ascending branch of the curve was selected. 

Before being installed in the spacecraft the radiation 
densimeter was calibrated on the material described 
above, whose density varied from 0.50 to 2.26 g/cm 3. 

In order to carry the penetrometer and densimeter 
clear of the part of the surface deformed by the im- 

pact of the spacec ra f t  and to br ing them within view of 
the t e l ev i s ion  cam era ,  they were  mounted on specia l  
extens ib le  a r m s  with four a r t icu la t ions .  These  a r m s  
w e r e  equipped with a cable synchroniza t ion  sys tem 
to ensure the simultaneous proportional deployment of 
all the links followed by complete straightening and the 
smooth lowering of the instruments to the soil at a 
distance of 150 cm from the spacecraft proper. The 
penetrometer and densimeter were attached to forks 
hinged to the ends of the arms. The axis of rotation of 
the instrument relative to the fork and the axis of at- 
tachment to the arm formed a Cardan coupling designed 

to permit the orientation of the instruments and close 
contact with the uneven surface of the moon. 

The panorama of the lunar surface photographed on 
24 December 1966 shows the articulation of the first 
and second links of the arm mechanism, the last link, 
the radiation densimeter detector, and a sharp shadow 
of the mechanism showing that it had deployed normally. 

Since lunar panoramas recorded by the spacecraft 
"Luna-9" and "Luna- 13," together with the photographs 
taken by "Surveyor i," have shown that the lunar sur- 

face abounds in numerous fine irregularities in the 
form of stones and small depressions, which may dis- 
tort the readings of instruments designed to operate on 

a level surface, we investigated the probability of ob- 
taining useful informat ion f rom the ins t ruments  de -  
sc r ibed .  Fo r  this purpose  we analyzed the informat ion 
on the m i c r o r e l i e f  of the lunar su r face  (maps and ta -  
bles) published in [1]. 

If the ins t rument  housing were  to descend on a stone 
or depress ion ,  a gap would be fo rmed  between the soil  
su r face  and the ins t rument ,  which in mos t  cases  would 
lead to an unde re s t ima te  of the mechan ica l  s t rength  

Resul t s  of Cal ibra t ion  Tes t s  on Soi l -Gauge P e n e t r o m e t e r  Under  
T e r r e s t r i a l  Conditions 

Depth of penetration, em Density of m o d e l  

indenter housing I material'g/cm3 

0 

0 . 0 - - 1 . 3  

1 . 3 - - 5 . 0  
1 . 3 - - 5 . 0  

5 .0  

0 
0 - - I  .0 

note than 1 ,C 

2.4 or more 

0 . 2 5 - - 2 . 0  

1 . 3 7 1 . 7  
O, 25--0 .77  

O. 16 or less 

Natural  and artif icial  m o d e l  materials  

Dense rock. Heavy concrete 

Vesicular and porous rock. Cohesive soils. 
Foam concrete, foam glass, porous clay 
filler with organic binder 

Noncohesive granular soil of medium density.' 
Noneohesive granular soil  o f  l o w  density. Crushed 

foam, concrete, porous  c lay filler, ag lopori t  

Very loose, dusty soil. Expanded perlitic sand 
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Fig. 3. External view of radiation densimeter detector. 

and densi ty.  On the assumpt ion  that 12 mm is the max-  
imum pe rmis s ib l e  gap at which it is stiI1 possible to 
dis t inguish be tweensol id ,  g ranu la r ,  and dusty surfaces  
from the pene t romete r  readings ,  i twas es tabl ished that 
the so-ca l led  "total defective area"  was about 30% of 
the en t i re  surface  in the vicini ty of the spacecraf t  
"Luna-9."  Around "Luna-13" the sur face  was more  
even. 

The total defective area is the sum of the area oc- 
cupied by stones and depressions and the surrounding 
annular areas of width equal to half the width of the 
i n s t rumen t  housing plus the sum of the individual a reas  
around points at which a sharp b r eak  occurs  in the in-  
c l inat ion of the sur face  between stones and depress ions .  
Bear ing  in mind that these calculat ions a re  approxi-  
mate,  we may assume that the p resence  of i r r e g u l a r -  
i t ies may lead to 30% er roneous  m e a s u r e m e n t s ,  i . e . ,  
70% of the r e su l t s  would be re l i ab le .  

A study of the par t  of the lunar  panorama showing 
the rad ia t ion  dens ime te r  indicates  that the la t te r  was 
deposited on a re la t ive ly  even surface,  f la t tening i t  
slightly, and was evidently in close contact with the 
soil.  

An analysis  of the t e l eme t ry  revealed  the following. 
1. When the motor  f ired,  the indenter  of the pen- 

e t romete r  was extended 4.5 cm, subsequent  i n t e r r o -  
gations of the sys tem indicat ing d i sp lacement  in the 
range from 4.17 to 4.33 cm, probably as a r e su l t  of 
t empera tu re  deformat ions  of the spacecraf t  and ex-  
tens ib le  a rm.  On earth,  allowing for the lunar  vacuum 
and reduced gravity,  the penet ra t ion  of the indenter  

into the same  woil would have been about 2.6 cm. This 
corresponds  to the operat ion of the i n s t rumen t  on an 
even surface  of noncohesive heavy sand with a density 
grea te r  than 1.5 g/cm 3 or on a slightly cohesive,  light, 
porous ma te r i a l  of the agloporit  of clay f i l le r  type 
with a densi ty of 0.75-0.77 g/cm ~. 

2. The intensi ty  of the sca t te red  radia t ion r e g i s -  
tered by the detector of the rad ia t ion  dens ime te r ,  with 
allowance for the lunar  gamma- rad i a t i on  background, 
corresponds  to a s u r f a c e - l a y e r  densi ty of 0.8 g/cm 3 
on the ascending branch  of the ca l ibra t ion  branch or 
2.1 g/cm 3 on the descending branch.  Reject ing the la t -  
ter  value as improbable ,  we a r r i v e  at a densi ty of 
0.8 g/cm a, which indicates a light, g ranular ,  porous 
mate r  ial. 

To summarize, we conclude that at the landing site 
of "Luna-13" the surface evidently consists of a layer 

of loose, slightly cohesive, granular material with a 
density of about 0.8 g/cm 3, consisting of grains and 
granules of porous mineral matter weakly bound to- 
gether at the contact points. The thiekness of this layer 
beneath the penetrometer is not less than 5 cm. Stones 
of var ious s izes ,  visible in the panorama,  are sca t -  
te red  over the surface.  
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