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PREFACE

T h e  ‘c I g I no I o bj  c i t  1’ c ’ i t  I i s  con  t roe I n’.~s t o  l i t  i Se a means  o

c r c - i t i n g  a ‘,‘.‘ c l i — d e t  m e d  d u s t  c l o u d  f o r  t ’ - ~~~t ing h u i p t  s l u i c - I d  rn t e r i - u ~~s i n

d u s t  i C , s l o i -i .  This  c o r k  has b een  -o mp l ~ - t ~~-~I and  t h e  I i n o l  r ep e l - i , - i i —

F lt l c ,i “The Fc-o o l b  I l i v  o 1 i - c - n c r , !  t i o n  ol  Li  n - u  P o r t  i o u  l o t  ~- C l  ‘uI s ,

h a s  been  s u bm i t  t cd . Hic coi l I roe t l o p s  h c- i - i c  n o d  i i  - -1 t o  i n c  1uu ~1~ a i , i  ~- I

to i c - : - l op  , i  t c - c l ) n i c l u c - t o e  s i m t u l t u t in g  t h e  imp a 5’t  l o , t d c - ;  on c a c t i !  1 nt —

‘ ‘-at to g  s t r i c t u r e s .  l ’h i s  ‘ aol  r e p r I  d 1’- s c r  I I i ’s t h e  c - x p c - r i mc - n t a l

o o j L u r t u l n .  c o n s t r u c t ~~d t o r  t h a t  p u r p ’ s c -  a i id  5 Oli-  i n i t ia l  1 , - s t  r e s u l t s .

l b1 ’ ‘.‘ o n t r - u c t  m e n u - c  S’oo ~l r  M . 1 . R u h e u i s t c - j n  of  ) N \ .  l c - ~- h i i t i c a l  : i s s i s —

Lo u - i - 5 ) 5  a 15 pros’ i d ~-J by  c i  S. I. lb  i t t  b)1 ’~.
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Conversion factors for U . S. customary
to metric (SI) units of measurement .
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I N l ’ R O D U C T  I O N  A N I )  B A C K G R O U N D

As part of the development of earth—penetrating weapons , t i l e  im-

pact response of the penetrator casing m u s t  be u n d e r s t o o d  so t h a t  it

can be des igned  to s t ay  i n ta c t  and a l l o w  p e n e t r a t i o n  of t h e  t a r g c -t  t o

t h e  r e q u i r e d  d e p t h .  Til ls  r e p o r t  d e s c r i b e s  t i l e  w o r k  u n d e r  c o n t r a c t

D N A O O 1 — 7 5 — C — 0 2 5 7 , in w h i c h  a t e c h n i que or  s i msi la t  ing t h e  impac t  loads

on ear th penetrator structures was deve1oped .~’

Tile immediate use  f o r  a s i m u l a t i o n  t c ’hn i que is to app ly  w e l l —

d e f i n e d  loads t o  s cale  mode l  t i t  r uc  lu r e s .  lb1  r e s p o n s e  d a t a  o b t a i n e d  can

be used to v e r i f y  m a t h e m a t i c a l  a n a ly s i s  of t i n ’  pei ’i et r a t o r  r e s p o n s e .

A s i m u l a t i o n  t e c l ln  i q ue  would  a l s o  be u s e f u l  I or  l o a d i n g  f u l l — s c - a l e  s t r t i c —

t u r e s  in t h e  e l a s t  I~ r a n ge  so t h a t  m a n y  t e s t s  c o u l d  he p e r f o r m e d  on a

s ing le  s t r u c t u r e .  l i R - r , - I  c o n -  • t h i c ~ d e s  i go of  t i c ’ l o a d i n g  d e v i c e  deve loped

here  f o r  st i l e  r n , ’ , h c - l  s t r t c t i i t - , -s was  u n i t ’  s u i t a b l e  f o r  f a b r i c a t i o n  in a

l a r ger  s i z e  f o r  l o a d i n g  U l l — S ’ , l I i - s t r u c t u r e s .

For aug  ft 0) a t  t a i k i :cp . i c  s , l a r ge  s t r a i n s  and f a i l u r e s  in p c - n c ’ t r a —

t , - r  s l  r t i c t u r i - s  1 - l ’ :c ’ , -en Fll,.c r 71lNi to o c c u r  a t  , Ij s t a n c c ’ s  g r e a t e r  t i l an  one

d i a : c i - t ,  r i n on  t h i e  p . - l l c - t  r o t o r  l os e .  h u e  s t r e s s  d i s t r i b u t io n  o v e r  t h t ~

c r o s s— s e c t  i , : :  p t  t I c - s i - l o c a t  ions  I I I - o c - nd s  t u i i v  FO t h e  r , : s t i l t a n t  I r h - v - s

a p p ! led 1 , ‘ t u i  i ’rid i l t  t h e  S t  r i l e  t o r t ’ . Thus  • t h e  S ~f lhl lat i t ’l l t c o h n  iqu c-

c i ,  -d ‘ ‘ii I ‘. p i ’ dli , - ,’ I h~~
- i ,  5 11 It ant axial ci n~h l o t  c - r u  load irig t , ’I ’ t ’ c-S W j  L i i

t i l e  - i p i - r - ’p r  l a t e  t i m e — l I i s t o r v  l~ ’~ t need not  p r o d u c e  a p a r t i c u l a r  load

distribution.

*
fort or t e st  j u g  is  jog t h i s  t - c h n i q t i c ’ , and ,I f l  an a l v c - i i s  ot  t h t i -
i m p a c t  r c - s p r c s c - , are l’ . -ing p i n  ormf-d u n d e r  P on t  rac t I ( ,\ ,\ O D l — 7 4 — ( — O 1 ~,D .

>1 . I . .  A n t h o n y , “ I m p a c t i l l , i r t h i  I ’ . - l i l - t r a t l ’ r  M O I i ( ’ l S i n t o  S i m u l a t e d  Rock
T a r g i - I s , ‘ ‘  

~I , r t  in M a r i e l  t o  A t ’r o s 1 p . i i a -  I , - c : p - e i v , F i n a l  R e p o r t  f o r  C o n t r a c t
I~-. , \ Ij j l ! — 7 ’ ,— C— Oj 6 1  , Nov1 ’-n ih t ’r 1 9 7 5 .
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*
Bo th ca l cu l a t ed  impact  loads and measu red  a c c i ’ l e r a t i o r i  ru - spou se

show tha t  the  r e s u l t a n t  f o r c e — h i s t o r y  f o r  normal  i m p a c t  consis ts  of t -~-o

d i s t i nc t  p a r t s , as Fi gure  1 i l l u s t r a t e s:  an a p p r o x i m a t t - I v  l i n e a r  r i se

to a peak over  t h e  t ime r ,~ r e q u i r i - J  f o r  t h e  s t r u c t u r c — to p e n e t r a t e  to

i t s  f u l l  di :icu c’te r , and a very  or a h u a l  deco ’,’ associa ted  ~0’i th the  r ig id

body d e c e l e r a t i o n  of the  s t r u c t u r e . For a nomina l f u l l — s c a l e  s t r u c t u r e

[6 in .  (15. ~
‘ -~ cm) ii: diameter , b~J i n .  (152.4  cm) long ,  and ve ighing

400 lbs. ( 1-5 1 k g ) ]  i m p a c t i n g  sands tone  at  1500 f t/ s e c  (457 m i s c - c ) ,  th e

load ing r i se  t ime is abou t  1 msec  and  the pea1: f o r ce  is a bou t  500 ,000 lb s.

(2224 kN). For impacts w i t h  nonzero angle of obliquitv or angle of

attack , a lateral force is also app lied t o  t i i i  s t r uo t  or e .  In t . i l ~~

s l m u la t i o n  t e c hn i q u e  descr ibed  h er 1’ , it was , s s i c m e c l  t : c u  t he  l a t e r a l

load is proportiona l to t i p 1 - axial load (i.e., that F
1

/F \ is constant

w i t h  r e s p e c t  to  t i n e ) .  S i n c e  an e a r t h  p e n e t ra t i ng  s t ru c t u r e  would fail

during the I oac rise t ho: or at about the t i m e  f tc ’ load reaches  i t s

peak , the s i m u l a t i o n  t e c h n i q u e  mus t p r o d u c e  t h e  ax ia l  and I. . c t e r o i

load ing forces u n ti l  they  reach t h e i r  peak v a l u e s . ,-\ s imula ted  i m p : i ~~t
1, uos cl hi s t i o r ’ .- , in the  ax i a l  or l a t e r a l  d i r e c t  io n , i s  1 l u c t r a t e d  in

Figur e 1, c- -h iclt S 005 a linear increase in amp l i t u d e  d u r i ng  i~~~, a c o n s t a n t

or s lowly d e c ay i n g  h i o t o r ~-- a t t c - r the  peak value for a t i m e  v .,, and a

decay over a tine

APPROACH

A ioa~: s i m u l a t i o n  d ev i c e  to meet these r e q u i r e m en t s  ‘z is develo~o-d

for a nomina l scale factor of 1/4. For th is scale factor , a dce\’~ ce was

des i g ue c  to  p r o d u c e  a s im u l a t e - i  load such  as t h a t  shown in  F igure  1

within t h e  n o m i n a l  ranges : 0 F ~ 35 ,000 lb.  ( 1 5 5 , 700 5 ) ,  100 < T~~

- 500 usec . 1.00 < T 2 200 ,~sec , 300 < ,
~ 

< 1000 user . Tii ,’se load s a re

*
Interna l Response tnt Earth Penetrators , i’resented hr K. Fre v c-n IIal - o n .

C a l i f o r n i a  D c - s t a r c h  and T e c l in o l o g ’ , a t  t h y ’  I S A  Ear t h  P e n et r a t i o n

Tec h n o l o gy  F - v i e w  ~~i -e t  Ic g ,  O c t o b e r  l’~~ 5.

‘ ,iu. l F .  I l a d a l a , ‘ I - v a I ’ c iat  i o n  of  h - I n c ; ’ i r i c a l  .2nd - \ n a l v t i c n l Proc t i r e s
U sed  fo i -  P r e d i c t  l o g  L i c e  R i g i d  F o l l y  ~loti .on of act  i - n r t l i  ‘c-n e t r s i c oc

I erways 1-Npc- n 101-nt a I S t a t  ion P ap e r  5 — 7 5 - - 1 5 , June 1913 .

ft

~~-.- - S .  S 
- -~~ - — -~~~~~ -- •.~~~ ~~~~~ - ~~~~~~~~~~ - - ~~~~~~~~~~~~~ -



_ _ _ _ _ _  - -

— “., - - - Load

- ——— -— — 5 -- i u _ t i h o_ i d

FO

T I ME
~-:A 4 1 - c -  i t

f- I G U R E  i o’ i’A (;t I UAf l  T I ’ ’ I  H S I O R Y  ( IS E A R T H  P E N [ T R A T O R  STRUCTURES 

-  -



-

~~~~~~~~~~~~

--

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

produced with an explosive loading technique similar to that used suc—

cessfullv in other applications where a prescribed load history was

required.

In  the  c u r r e n t  l o a d — s i m u l a t i o n  a p p l i c a t i o n, the  c o n t r o l l e d  f lo-~ of

high—pressure gases from a confined explosion produces the desired prc -s-

sure pulse in a c y l i n d e r  c o n t a i n i n g  a p i s t o n .  The p i s t o n  t r a n s m i t s  the

load to the medel  st r u ~’tu r e .  S ince  the model  s t r u c t u r e  is i n i t i a l ly

at rest , the total kinetic energy associated with this li ad—si mulation

technique is s u b s t a n t i a l ly  less than t h a t  of revc ’r sc-  ba l l i s t i c s. Also ,

starting the model at rest allow’s hard—w ired asur c-n-en t of t h e loads

and strains.

LoAD SDiULATI’ 5 P l A I C E

y ’ n u t i o c ~~~~ l- - f t cj r e  2 is .ectioned asst’c’-.h lv drawiag of the fixture

in configuration for simulating no,ma l im p a c t  loads on 1/4—scale model

penetrators . J’it~ fixtu n1 - operates as follows : high—pressure gaseous

explosive products are produced in the explosive chamber by detonation

of a solid explosive. The gas flows through an orifice plate and into

a cylinder contair-ting a piston that is in contact with the penetrator .

The load is transmitted to the penetrator through the piston (the details

of this interface are discussed later). The rise time ‘r
1 

of the load

can be varied by using different initial piston displacements or dif-

ferent orifice areas . The duration -t
2 

of the constant load can be varied

by using vent holes at different locations along the cylinder . The decay

time T
3 

can be varied by using different size vent holes .

The pulse produced by a given geometry may be predicted using the

GASLEAK computer code” that models the flow of gases in a series of

chambers connected by orifices . The theoretical moth-i of the flow

D J. (agli o stro , “Experiments on the Response of Hexagonal Suhas sc-mhlv
Ducts to Radial Loads ,” SRI Interim Report for Argonne Scu t iona l
I :ihcp ’ratc ,rv , - \ c c o i c s t  1975.
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assumes t h a t  (1) the duration of the loading pulse is long eompa rt-d w i t h

h the transit t ime of pressure waves in each - I chamber (c’uasi—steady ‘lo w);

(2) negligible heat is transferred from t h e  hot gas to th y- surroundi ng

cy l i n d e r  ( a d i a b a t i c  f l o w ) ;  (3) the hot detonation products behave as a

p er c~ c c t  gas .  Experience in o t h e r  s im i l a r  a p p l i c a t i o n s  has show n excel-

lent ag reemen t  b e t w c - y - n  (1cc ’ theorc’tica liv pr c - li Ic ted pr1 - c-isare pulse a n - i

the experimentally measured pulse.

C o n s t r u c t i o n — — T h y ’  d~ v i c e  is construc ’ -h of a stac k of a l l oy  s t y - el

r ings  and ci r c. i la r  p l a t e s  c l a m p ed  og et f tr  h~’ e i gh t t i e  rods . Tb1 ex—

p1os~1ve chamber is formed by a ft ic~:~~::~l led annulus L~:, i t i t s

the basc plate and the or i fice plat i - . The cross—s ect ior.a l ar c - i 01 c -a c h

of the six orifices mar’ be var led 1-’.’ ins1-c - : itug plues (hr i1l (~lc w i t h  l i c e

proper size hole  i n t o  the recesses on t h e  lower side of the on f ice

plat e . The cy l i n d e r  in ‘. s i I i C ii  the piston tr iv c-l s is ’P.’rmed by I .e -‘ e’n t

ring and the cvi hider p l a t e .  The i n i t i a l  vo lum c - of the  ~i i  c - t  on chamb 1r

is c o n t r o l  l e d  by a spac ing  washer b e t  ;1en t h e  p i s t  I an d on ice p l a t~~,

w h i c h  se ts  the i n i t i a l  p i s ton d i s p l a c e m e n t .  The ‘.‘en t  r i n g  has t I roc-

pairs  of v e n t  hole~E.- , eac h p a i r  a t  a d i f i e ’r e n t  a x i a l  l o c a t i c n .  th i - ~~e

h o les v e n t  t l ~~ p i s t o n  c i i amh ~-r  t o the at r :osp I~ ’ r c -  as the i s ton  t s s e s .

The s ize of the vent area may be v ar i e d  w i  ch t h r e a d e d  p lugs  ft r e d u c e

the area of the  ‘c c-n t  holes or close t i e  iu o l et ~ c c m p l e t eiv . Th1- a x i a l

location of t h e  holes  is set by t h e  t h i c k n e s s  of the sy a c i n i 7  c- inc. Two

p r e s s u r e  gages are  m o u n t e d  d i a m e t r i c a l l y  opposed in t i ,  v , - n t  r i n c  t o

measure  the  c h a m b e r  p r e s s ir e  . A f t e r  the  pu l s e  is p r  - - r e d  . t he p i s t o n

dece l e r a t e s  hr  i m p a c t  log t ite-  -n,’t c v — a i - - ;crb ing  a l u m i nu m  h c ’n evco nh

To s i mu l a t e  t he  load on a p e n e t ra t o r  t h a t  i r a p t u c t -  at an ang1~- of

a l t a c k , the  piston is d e s i gn ed to produce both axial and la ter il load inc

and to cmea -surc- d i r e c t  1. -c th e r e s u l t a n t  l o u h a r p l i e d  to  t h e  p e n e t r a t  - - c

The c o m b i n e d  l o a d i n g  is p r o d u c e d  by t i l t i n g  the  p e - n e t r a t o r  t :r ~. ’ cc ~~h tin

angle  ~ w i t h r c ’sp~-c t  t o  t i - c p i s t o n  axis , as shown in ‘ I  sect  i - c o i l

d r a w i n g  of t i c ’ p i s t o n  in 1- ly re 3. 1 hc ’ v e r t i c a l  f o r c e  ~ i s - i s r - I

vi t ic a pi c-zoc’ ie ct c - i c  load cc- il (Kis t I - - r  9( i - A ) .  ‘Iwo d iscs are placed

h u - t v t c p - c :  t i c  load cell and the p cci  t r a t o r  and t O e  i n t c ’r f a c i  b c -t c,,.’ i cc

10
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*
them is lubricated with a high—pressure , low—friction solid lubricant

to minimize frictional forces parallel to the face of the load cell.

By allowing the loaded en,h of the p e n e t r a t o r  to s l ide across the load

cell with negligible friction forces , the vertical force F is parallel

to the p iston axis. The axial load app lied to the model SBM structure

is then F.cos— , and the lateral load is F.sio— .

Figure 4 shows the assembled device with a scale model SBM struc-

ture in position for a norma l impact simulation. After the load simu-

lation , the penetrator leaves the device and is stopped by an external

energy absorber (aluminum honeycomb or Styrofoam) located in a 5—ft—long

(1.52—n—long) safety shroud . The shroud ensures containment of the

model penetrator after the simulation. Figure 5 shows the device with

the safety shroud in place for testing.

The fixture can also be used to test larger models. In this case ,

two parts (the piston and the top end plate) would need to be changed.

E XP ER IM E ST S W IT H PISTON

A se r ies  of 11 t e s t s  was conducted  w i t h  the  l o a d i n g  d e v i c e  b u t

without a model penetrator . ‘I’he purpose of these tests was to check

the operation under simplified conditions and to compare the piston

chamber  p r e s s u r e  and the  r i g id bod y mo t i o n  of t h e  p i s t o n  w i t h  the  m o ti o n

predicted by the GASLEAK code . In all tests , the high explosive used

was a mixture of P E TN t and hollow glass microspheres (90~ and 10’ ,

respectively, by weight). The explosive was detonated by a mild deto-

nat ing fuse that entered the explosives chamber through a small hole in

the chamber annulus . The piston chamber pressure was measured with two

p iezoelectric pressure gages (PCB ll3A) mounted in the vent ring

180 degrees apart. An accelerometer (Endevco 2225) mounted on the top

*Several brands used , most frequently SpravKote , manufactured by
Dow Corn ing.
tPETN (C

5
11
8
012N4

) pentaerythritol tetranitrate.

12
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ftc e of t ie  piston recorded the axial acceleration of thy- p iston during

t I c ’ tests. A l / l b — i n . — t h ic k  ( 0 . l h — c c - - — t h i c k )  r u h h i e r  pad was bonded be—

tNc ’efl t i c  c l c c c t .’ l e c i ’ c c c c ’ t c ’ T -  and the  p i s t on  to suppress  r i n g i n g  in t h y

ac C e  lerorcce te r .

F i g u r e  ~ shioo’s the chamber p r e s s u r e  and p i s t o n  a c c e l e r a t i on  in

~. st 11, v i  th o u t cu mode l  p e n et r a t o r .  ‘I’he device  s e t — u p  parameters were

1 gram 90/ 10 P E TN / t c s p h e r e  exp los ive  cha rge : a l l  o r i f i , ’ y ’ p la te  holes  open;

0 . 0 6 0 — i r .  ( 0 . 1 5 2 — c m )  i n it i a l  piston displacement; bottom two pairs of

v e n t  holes c l o N c - ci , top pa i r  open ; and no spac ing  r ing . l i c e  p ressure

measured cut ti cis point oscillates because of pressure wav y-c in the gas ,

Figure L~ ( a u  . boo-ever the average- pressure o’-,er the piston I ace p roduces

a smooth p 1 s t - c  a c c e l e r a t i o n  h i s t o ry , F i g u r e  6 ( b ) .  ic e  h ig h — f r e q u e n c y

oscillations in the accc-le r a t ion r~-cord are caused by the acceleromc- t~-r

cun d  : l e x ib  le rubi -er mount vibrating as a s i r p l e  Ti -i R s — s p r i n g  sy s t e m .

F i g u r e  o i l l u s t  i’at 1 s t h a t , in t he  absence  of a m o d e l  p e n e t r a t  or , t t ~e

des ( red t y p e  of p u l s e  i s  p c - - - uced : a st . e i ’y  l i n e a r  r i c e , a n n I - p r o x i m a t e ly

level p l a t e a u , and a gr a d u a l  d e c a y  c t  a rat slower th an the r i s c - .

Other  t e s t s  in ftc- calibration series show that the ic - ca , load—

time h i  t o r y  can ‘c c ’ v a r i e d  by cluing l o g  t he gere’- t r y  of t li c c e v i c c -  , as

dy - s cr i b e d  above . For e x a m p l e , F i g u r e  7 shot-c s the  r~- c - - l t  s f r o m  Tes t  9

in c- -h i c h  the m i t  n i l  p i s t o n  disp l~~c c- ~ - -c i t  a o l  e x p l o s i v e  ch arge  were in—

f r o m  t h i s y -  of Test  11. The device  s e t — u n  p , - c c u r c - :  - c s  f o r  Test  b

w e r e  2 g rcucr s 90/11) ‘I I ‘- / csphere exp losiv c- charge ; all o r i f i c e  p l a t e  holes

open; 0 .300—in , (O .7f’2—cm ) initial p i s t i c t  d i s p L u c i ’- i - c c t  ; h ’ t t c - -  two pains

of v e n t  b o h r - s closed , top pair open ; and no sp acing ring. (‘ompa rin- g

Test vi El i  lest 11 . we Se ’- a longer  ri c e tine chic- to  t i - i ’  - ‘
~~~ u ter m i —

t ial  p i s  ton d i s p l a c e m e n t , and h i gh e r  p c - c aP p r i - s s t i r I ’  3flc1 a c c e ler a t i o n  due
- ii icc - -  I n  c - I t t - n  c -c- -p l o s  1c-’ c- ’ c ha rge . Tab le  I l i s t s  the c o r p  I c  N’ sen c c -  of 

r a t i o n  t y s t s  co n d u c t - - i  w i t h o u t  ci n i ’ c e l  pi ’netr~ 

1 -i

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~~~~~~~ 
- - -i -

~~~~~
-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~

--
~~~~~~~~~~



—--
~~~
- ---

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ _ _ _ _ _ _ _

H

400 psi/ cm 12758 kP,l-cI ’ I )  200 ,, s .cn i  400 p SI / C l  (2758 k P 1  c ’ ii1 50 uS/ Cc ”

( a ) PRESSURE GAGE I (POSITIVE UPWARD )

~ IIIiiiIiI1 i::uiiiiiii
~~~~~~~~~~ •uiiuuuuu ~ u

~~~~~~~~1Iiuio’1
500 q/cm 200 5s/c m 500 g/cm 50 us/ cm

Ib) PISTON ACCELERATION (POSITIVE DOWNWARD )
MI’ 3091 116A

FIGURE 6 TEST H - CALIBRATI ON TEST WITHOUT MODEL PENETRATOR

—- - -
- 

----
~~~~~
-

~~~~~~~~~~~ __ __ _ t_ ~~~~~~~~~~~~~~~~~~~~~
- - -

~~~~- -



— — - - ‘‘ ~~~ —‘.--.-‘-—--.. - ‘- - __________ — ‘~~~~‘ 
- — --  - ‘ ‘

~~!iiiii i ~~~~~~~~
MIIIflhij IEI ~ IIIII

1000 ps i/cm (6894 kPa/ c m) 200 Cs/cm 1000 ps ’ci n  16894 c Pa/cm) 50 us/ cm

(a )  PRESSURE GAGE I (POSITIVE UPWARD)

li!AINhII~
111111111 1

2000 9/cm 200 Ms/cm 2000 g/cm 50 5s/cm

Ib) PISTON ACCELERATION (POSITIVE DOWNWARD)
M P-4 1 49 - 17

FIGURE 7 TEST 9— CALIBRATION TEST WITHOUT MODEL PENETRATOR
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