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ABSTRACT RICOCHET TESTING 

The pnrpoie of th« work was to develop 
penetration/ricochet data for two projectile« 
launched a|ain«t 5,000 p«i concrete target« and, 
in addition, to aeasare the axial «tree« on the 
no«« of « projectile daring concrete penetra- 
tion. The prograa eaployed projectile« 3.35 
inche« in diaaeter and approziaately 27 inche« 
long with two different noee «hapa«. Three 
different typea of target« were need. Target« 
con«i«ted of concrete «lab«. 8-ft «qnare and 
with thiokneaaaa of 4 inch««. 12 inch«« and 30 
inche«. A ricochet relation waa developed froa 
the data and the reanlt« seeaed to correlate 
well with «oa« previon« work. One teet w«« 
oondnctcd in which an on-board ahock re«i«tant 
recorder wa« need to collect a tlaa hiatory of 
the ontpnt of a preaanre tranadocer inatalled in 
the noee of a projectile. The remit« of the 
ezperiaent were coap«red with a hydrodynaaic 
code calculation and «howed reaeoaable agreeaent 
for early tiaea. 

PtglnUlfi 

The two type« of projectile« o«ed in the 
prograa are ahown in Figure 1. Both projectile 
type« were derived froa the «aae baaic deaign 
and bad identical ontalde diaaetera and interior 
cavity geoaetriea. The principal difference« 
were in the noae ahape and the aft baaeplog 
deaign. The Type A projectile had a conical 
noae «hape and had a baaeplog which waa acrewad 
entirely into the aft end of the projectile 
until it wa« fluah with the aft aurface. The 
Type B projectile had a tangent ogive no«« and 
included a baaaplug which had an internal fitted 
threaded aection and an aft cloaure equal to the 
ontalde body diaaeter of the projectile. The 
Type A projectile wa« approziaately 27 inchea 
long while the Type B waa about 26.5 inchea long 
with the baaeplug inatalled. Both projectile« 
had blunt cylindrical noae tipa 1 inch in diaae- 
ter and were filled with a aaterial that had a 
denaity of about 0.0S8 pound« per cubic inch 
(1.6 ga«/ee). Th« projectile« were fabricated 
of E4340 ateel, heat treated to a Rockwell C 
Scale hardneaa of 42 to 46. Total loaded weight 
waa about 36 pound« for each projectile. 

Type A 

Type B 

Figure 1. Projectile Geometries 
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All ttrgcts were constructed of concrete 
mini a all deilgn intended to yield t coapret- 
eive ttrenith of 5,000 pound» per iqnere inch 
(pii) ifter 28 diyi. The liaeitone enreitte 
wet specified to htve • ainiana coapressive 
strength of 17,000 psi sod i asiiaoa noainel 
siie of 3/4 inch. The targets «ere square 
slabs, 8 feet on s side with thicknesses of 4 
inches, 12 inches and 30 inches. All targets 
were cast as aonolithic ponrs without internal 
interfaces. At the tiae of pouring, tensile 
beaa and coapressive test apeciaens were taken 
froa the concrete of each target. The coapres- 
sive strength saaples were tested two at a tiae, 
at intervals of 7 days, 28 days, and 90 days 
after ponring with all of the reaaining saaples 
tested dnring the week that the targets were 
used. Figure 2 is a tiae history plot of the 
average coapressive strengths for the 12-inch 
thick  target.     The  others  were   siailar. 

70   sTi   yfi   ifto 

hisurc 2.     12-Inch Thick Target Strength 
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Note that reinforcing rods were not used in 
the central area of the target. Figure 3 shows 
the geoaetry of a 12-inch thick target. The 
ateel reinforceaent was purposely oaltted to 
insure that the ricochet data would be represen- 
tative of the concrete and not be influenced by 
the steel reinforceaent especially at the lower 
impact velocities. The lateral aiie of the 
targeta, 8 feet on a aide, was chosen to be as 
large as possible based upon the lift capability 
of a crane used to position the largeat target 
which was 30 inches thick and weighed abont 11 
tons. In all teats, the distance froa the 
centrally located iapact point to the neareat 
edge waa noainally 48 inches or about 14.3 cali- 
bers baaed upon a projectile diaaetar of 3.35 
Inches. 

The final overall target configuration 
varied to the extent that the 4-inch and 12-inoh 
thick targets were tested with the back aide of 
each resting on a aandy clay aoil surface, while 
the 30-inch thick targeta «ere teated vertically 
with the back sides being free surfaces exposed 
to the air.    The reason for the difference «aa 

that the two thinner targeta «ere Intended to 
represent poured slaba reating on the ground, 
while the 30-inch target was a better repre- 
sentative of a aeai-inf inite concrete target. 
Thus, all tests involving the 4-inch and 12-inch 
targeta were actually concrete-soil coabina- 
tions. The soil beneath each target was lightly 
coapacted by repeatedly driving a vehicle over 
the surface after it had been built up to the 
proper   angle. 
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Figure 3.    12-Inch Thick Target Design 

Test Arranaeaent 

The projectiles were launched froa a ISSaa 
gun fitted with an internal barrel sleeve which 
reduced the bore to about SSaa (3.35 inches). 
The gun was aounted on the rear of a S-ton truck 
chassis and was capable of being aoved in eleva- 
tion only. Aziauth changea «ere made by turning 
the truck. The alignaent of the projectile 
trajectory to the target normal was made using a 
surveyor's transit and a steel aeasuring tape. 
The aeasnreaent scheme waa capable of deter- 
mining the obliquity angle to less than 0.2 
degree. While the target position relative to 
the line-of-sight trajectory could be aeasured 
to this accuracy, the targets could only be 
located within 2 degrees of a desired angle 
becauae of the difficnlty associated «ith posi- 
tioning the targets and/or the gun any aore 
preciaely. 

Two iapact velocities «ere of interest. 700 
feet per second and 1100 feet per second. Pro- 
jectile velocity «aa changed by varying the 
powder charge in the gun. The velocity «aa 
measured using two high speed fraaing caaeras 
along «1th Chronograph aeasnreaents of tiae 
between screens placed in the projectile's 
flight  path to  the  target. 

The test approach «aa based upon the up and 
do«n aethod developed by Dixon in Reference 1. 
Obtaining  the critical  ricochet angle at each 
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te«t condition rtqnltcd at laist on* ricochet 
■nd on« ptnttrttlon within 10 de|r«ei of each 
other. Then, If the ontcoae wae t ricochet, the 
«n|le between the terget norael end the projec- 
tile trajectory was decreaaed by S defreec for 
the next teit at that target/velocity coablna- 
tlon. Conversely, If the ontcoae of the pre- 
vlom teat was a penetration, the anile would be 
increased by 5 degrees. This procedure was need 
until both a ricochet and a penetration event 
had occurred at that particular coablnatlon. 
Figure 4 Is a scheaatic view of the overall test 
arrangaaent  for the   slab   targets. 

Although these tests were not part of the data 
base used to develop the equations, and the 
projectile gaoaetrles were considerably differ- 
ent froa those used In Eoecker*« work, the cor- 
relation with this data ahows good agreeaant. 
The equations, as currently defined, were not 
applied to the 30-lnch target data since none of 
those projectiles penetrated in the target and 
either ricocheted or rebounded. The 30-lnch 
data  fit   is  the dashed line. 

Ricochet 
Trap Launcher 

lash Lamps 
TarRct 

-Compacted Soi1 

Figure 4.  Overall Test Arrangement 
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Tables 1 and 2 contain a snaaary of the 
test results for the Type A and B projectiles, 
respectively. It aay be noted that for the 4- 
Inch and 12-inch thick targets, all penatratlons 
were actually perforations, since the projectile 
passed coapletely through the target and was 
recovered In the underlying soil, for the 30- 
Inoh thick targets, all of the penetrations were 
rebounds and none of the projectiles stnc« In 
the target or paased coapletely through. In 
aost caaea, the rebounded projectiles were found 
lying on the ground In front of the target, 
within 25  feet of  the  lapact point, 

Figurea S and 6 are plota of the teat data 
for the Type A and B projectiles, respectively. 
The data for all three target arraya la plotted 
on each graph. The aolid polnta indicate a 
penetration and the open points Indicate a rico- 
chet. More aoatter la evident In the Type A 
projectile data than In the other. These pro- 
jectiles were fired first and soa« difficulty 
was experienced in obtaining the deaired launch 
velocity due to gaa blowby In the gun. Aa a 
result, a nnaber of velocity conditions ware 
repeated. By the tla« teatlng began with the 
Type B projectiles, these probleas had been 
overooae and launch velocities were aore pre- 
cise. 

After the testing waa eoaplatad and during 
our analysis of the taat data, aa eapirical 
correlation developed by Koecker (Beference 2) 
becaaa available. Theae eqnatlons war« naad to 
plot   the   solid   line«   In  Piguras   S   and   6. 

The correlation developed by Roecker is 
still under developaent and will not be pre- 
sented In this paper. However, soae inforaation 
can be stated. The critical ricochet angle la 
deteralnod by snaalng three teras. The first 
tera has a relationship which explains the 
changea in ricochet angle as a function of the 
ratio of target thickneaa divided by the aajor 
body diaaeter (T/D) and the ratio of body length 
divided by the aajor body diaaeter (L/D). The 
second tera relatea changea in ricochet angle 
due to projectile strength and is a function of 
(L/D) and the ratio of alnlaua wall thickneaa of 
the projectile to Ita aajor body diaaeter (W/D). 
The third tera related the changes in the rico- 
chet angle «a a function of velocity squared. 
Teraa due to noa« ahape or concrete strength are 
not  Included at  thia  atage  of developaent. 

PENETKATION TESTING 

Back« round 

Penetration calculations conducted by 
Gaborn nalng hydrodynaaic coapnter code« 
(Reference« 3 and 4) had resulted in a eonerate 
loading aodel which could be uaed to predict the 
axial stress loading on the nose of steel pro- 
jectiles penetrating concrete targets. The 
aodel waa applicable for noraal lapact a In the 
rang« of 100 to S00 aetera/aecond and considered 
both finite and seal-infinite targata. The 
hydrocode calculations indicated that the ataady 
atata axial atraas on the nose of a blunt pro- 
jectile entering a oonoreta target, would be 
leaa than 4.S kllobars (6S.000 pal) for lapact 
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TABLE 1.    im A TOT NMUIT TABLE 2. TIPS B TOT SDMAIT 

TABOR TABOET 

TIICINBS8 VBLOCITT OBLIQDm (MJTCOBE» IHICINBSS VBLOCITT OBLIQDITY OOTOONE* 

(»CUS) (FT/SEC) (DB0BEB8) (B OB P) (INCHRS) (PT/8BC) (DBOBEES) (BOB P) 

1117 12 1183 50.2 
1030 12 1240 44.9 

999 12 769 40.8 
7U 12 770 45.6 
741 P* 4 736 63.8 
740 4 768 69.3 

1139 4 1186 70.8 
1005 4 1132 65.6 

910 30 733 23.6 
721 30 745 18.3 
lit 30 1094 35.6 
736 30 1105 39.6 
74S 
721 NOTES: 

1079 1   - B   ladlottts   •   t ieoekat;    P indicttet 
1111 p»n«tritloii or rabonad. 
1088 

30 970 
12 1113 
30 1097 

NOTES: 
1-  B  iadlcatct  a  ticochit;   P   i ladlc.t«»   • 

p*Mtr«tloa ox rtbo ■ad. 
2 - Ptojtetll« «■« j*wi 3 d«|r**( •t i«p«ct. 
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Figure 5.    Type A Projectile Ricochet Data 
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Figure 6.    Type B Projectile Ricochet  Data 

velocities of lets then ISO a/eec. Since pret- 
enre trentdncers need for be) little eppllcetlont 
ere cepeble of reeding preeenret ee high ee 
100.000 pel (6.9 Kber) It tppeered thet. by 
Inclndlng e recording peckege In e projectile 
end Inetelllng s enlteble pressure trenedaeer in 
tbe note. It would be poeslble to obteln dste 
which would conflra the bstlc etpects of the 
■odel  end the  concrete  equetion-of-ttete. 

The trensdooer selected wee the Model 109A 
■ ennfectnred by PCB Plesotronlce, e type ordl- 
nerily need to aessure breech precsnrec In bel- 
littic eppllcetlont. The trenedncer feetaree en 
Internal trencletor eapllfler and It deelgned to 
withstand preetaret as high as 100,000 pti, 
developing a low lapedance output signal. The 
active eleaent it a piezoelectric crystal which 
Is strained by the external preeeure applied to 
the diaphraga. The traaeducer roqniret a con- 
stant current tource for driving the internal 
aaplifier and the output le then ooupled to the 
appropriate recording device utlng a blocking 
capacitor. 

The recorder need for the test was furn- 
lahed by the Puiet and Sencort Branch of the Air 
Force Araeaent Leboratoty at Eglin Air Force 
Base. Florida. Originally developed by MBB 
(Neetereohaltt-Bolkow-Bloha. OabH). the device 
featured a single channel input with a solid 
state aeaory to record digital data. The aaxi- 
ana saapling rate was one word per 21.9 aioro- 
seoonds and the use of a 7-bit word resulted la 
an aaplitude resolution of on« part la 128. The 
recorder was powered by a rechargeable battery 
and after being turned on,   wae capable of oper- 

ating froa six to eight hours on t single 
chsrge. The actual writing of data into the 
recorder aeaory was initiated by an input signal 
froa the trenedncer. Any output greeter then S 
percent of the full scale signal was sufficient 
to turn on the recorder and store the data 
generated. The recorder hed been previously 
used in other projectile test progreas using 
ecceleroaeter es the signal source end the data 
developed wee judged to be   satisfactory. 

lutiat 

Figure 7 is a scheaatic depiction of the 
instruaentation arrangeaent as installed in the 
projectile. The test projectile wst derived 
froa the conicel nose (Type A) projectile used 
in the ricochet teet prograa with aodifications 
to accoaaodate the tranadncer-recorder package. 
For the test, the projectile wae launched et the 
center of a 4-inch thick verticel slab target 
which was one of those constructed for the rico- 
chet teet prograa. The target had a aeeeured 
coapresslve strength of S.S42 pti. The projec- 
tile struck the terget at a 90-degree obliquity 
angle and with no aeaeurable yew. The iapact 
velocity as deterained froa the two high epeed 
ceaerae was 360.6 and 360.5 ft/aec. The iapact 
velocity aeeeured by the velocity ecreens was 
362.4 ft/sec. Beoauce of the debris cloud and 
obscuration, the exit velocity of the projectile 
wee only available froa on« oeaere and wae 
deterained to be 292 ft/eec. The projectile was 
recovered and the data stored was retrieved froa 
the recorder. 
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ligurc 7.  Sectional View of Projectile Design Used For Dynamic 
Pressure Measurements 
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Fignret 8 and 9 show the data which was 
lenaratad. The Figate 8 data is the ooaplete 
record of the event and extends to tiaes well 
after the projectile had exited the target. 
Since the transducer was a pressure device, the 
output indicating negative pressures was obvi- 
ously erroneous. The large negative signal was 
believed to be caused by failure of the constant 
current power supply to the transducer which was 
battery operated and was found to be shock 
sensitive after the test. The transducer itself 
was returned to the aannfacturer for checking 
and recalibration and no failure was evident. 
Based upon the transit tiae of the initial elas- 
tic wave into the silicone rubber shock attenua- 
tor which enclosed the battery,   it was estiaated 

that the earliest possible failure tiae was 
about 33 aicroseconds after iapact. Figure 9 is 
an expanded tiae scale of the early stages of 
the iapact and indicates that the pressure trace 
was positive for about the first ISO aicro- 
seconds before going slightly negative (-1,350 
psi). Also shown on Figure 9 is a pressure tiae 
history derived froa a HULL hydrodynaaic code 
calculation of the penetration event. Figure 10 
shows the caloulational geoaetry. The pressure 
trace of Figure 9 shows relatively good agree- 
■ent with the early portion of the recorded 
data, the principal difference being the initial 
stress peak which was not recorded because of 
the low saapllng rate of the recorder. The 
recorded data also indicates the expected pres- 
sure relief in the transition froa steady state 
penetration to the terainal phaae in the region 
froa   60   to   90    aicroseconds.       Beyond   90 
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Figure 8.    Recorded Pressure Record For First Millisecond 
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Figure 9.    Early Time History Comparison of Recorded and Calculated Pressure 
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Figure 10.    Calculation Geometry 
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■ lorotaooad*,  th« o«looltt«d praiinrct  «re  <1D« •* 
to th* loading oaottd by f(tot«r«d eoaorot* ■« 
it   it   forced   ahead   of   th«   projaotil«.      Th* )f 
raoordad data did not  thow  thla loadln«, but  the 
failure   to  do   ao waa  not   ooaplataljr  unexpected \% 
aince   the  tranadncer face wa* racaaaad abont 
0.060 Inch fro»  the front face of  th«  projectile 
and  the  opening   waa  only abont  0.090   inca  In 
dlaaeter.    Thsa,   concrete or aggregate particle« 
■och  larger than 0.1  inch could have effectively ■ f 
blocked the traaadaoar opening  and prevented  a 
algnal  froa being generated at th« diaphraga. ' 

fl—irr 

The prograa doaoribad above developed rico- 
chet data for two type« of projectile« and the 
reaolt« ahowed good agraeaent with an eaplrical 
correlation developed froa a larger bnt dif- 
ferent data baaa. A aathod waa developed to 
record the preaanra generated on the noaa of a 
projectile during concrete penetration. Within 
liaitttion« of th« off-the-ih«lf eqnipaent nted, 
the data «bowed good agreeaent with a hydro- 
dynaaic code calculation of  the event. 
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