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Testing the resistance to bullet penetration of multi-layer 

sandwich structures explosively welded, hardened and ion 

nitrided
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Rys. 1.  1:38!7$#534178#!:3!=/207$/20"14#51#!=.-$08!83;=32-$B4!T#U!1!@%&4-$@!:3!;3%34#51#!=/B,08!T,U!EZF

(! P! -!

Rys. 2.  1:38!#;@51%61!7$3734#506!:3!=/207$/20"14#51#!=.-$08e!#U!5#,B6!_CK'f!,U!=3%178!=/20%14=#5%0/53C
2#=#"#6?%-f!%U!/:20Q!=3%178@!2!;#7?!2#=#"#6?%#!TzU!EZF!

A;%B(+,-.(+,/$2!#$,%+,-.!262%'C3.,0%'(+,+#!*+&#3*5%"&%18"&23%0&4'&+3.8

S10/4720!=/B,-!=/207$/20"14#51#!4-835#53!5#!207$#4#%&!=.-$08>!2!8$B/-%&!3$/2-;-4#53!83;=32-$-G!S.-$81!
4!7$#510!4-6M%134-;!78.#:#53!4!410"34#/7$4340!=#810$->!@8.#:#6?%! 60!4!83"0653M%1e! 7$#"I9"I<1!g!K!;;!I!
K!;;! I! '!;;G!R#! =3%2?$8@! =/2-A3$34#53! =#810$! 3! A/@,3M%1! ^(!;;! 2.3[35-! 2! 710:;1@!44G!4#/7$4>! #,-!
=/20835#N!71D!5#!6#8?!A.D,383MN!4518510!=3%178G!S#810$!510!237$#.!=/20,1$->!#!=3!60A3!/32.3[051@!38#2#.3!71D>![0!
=3%178!@$841.!5#!A.D,383M%1!Z'!;;!T/-7G!KUG

Rys. 3.  1:38! /32.3[350A3!=3!=/207$/20"051@! 207$#4@!=.-$08! 7$#"I9"I<1! 3! A/@,3M%1! ^(!;;!2! 2#25#%235-;!
7H/#A;05$34#5-;!=3%17810;!TpU!

\#"720!=/B,-!=/207$/20"14#51#!207$#4B4!=.-$08!T4!7$#510!4-6M%134-;U!=/20=/34#:2353!2!@:21#.0;!4#/7$4!
80h"#/@!3!A/@,3M%1!Z!;;!1!=.-$08!%0/#;1%25-%&!3!A/@,3M%1!]!;;!i!;#$0/1#.B4!7$3734#5-%&!6#83!=/208.#:81!
4! 8#;120"8#%&! 8@"33:=3/5-%&G! c&3:21.3! 3! 7=/#4:20510>! 6#8! 78@$0%250! 7?! $0!;#$0/1#.-!4! 7$#41#51@! 3=3/@!
5#! :/3:20! 8#/#,15340A3! =3%178@G!j8#2#.3! 71D>! [0! =/2-! $#8!4-7381%&! =/D:83M%1#%&! =3%2?$834-%&! =3%178@!
T)K(!;7-1!80h"#/!=/#8$-%2510!510!7$#5341!:"#!510A3!=/207283:->!5#$3;1#7$!=.-$81!%0/#;1%250!:#6?!78@$08>!#"0!=/2-!
2#=/3=3534#5-%&!A/@,3M%1#%&!%#.-%&!207$#4B4!T/-7G!LU!510!,-.-!4!7$#510!@%&/351N!1%&!=/20:!=/207$/20"0510;G



DE  !"#$%&'()%*+,-".!"/$0)1*+,-"2!".$34,&+-" !"2564,'+,

(!

 

P! -!

Rys. 4. S/2-8.#:-! =/207$/20"35-%&! 207$#4B4! =.-$08! 7$#"I9"I<1e! #U! A/@,3MN! KL! ;;! T$/2-! 83;="0$-! =.-$08!
;0$#"34-%&! =/20:210"350! :410;#! 4#/7$4#;1! 80h"#/@Uf! ,U! A/@,3MN! 'K! ;;! T:4#! 83;="0$-! =.-$08!
;0$#"34-%&! ! 2! 60:5?! =.-$8?! %0/#;1%25?f! %U! A/@,3MN! KL! ;;! T$/2-! 83;="0$-! =.-$08! ;0$#"34-%&!
=/20:210"350!4#/7$4?!80h"#/@!1!=.-$8?!%0/#;1%25?
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:3!$4#/:3M%1!/2D:@!+(((!bk(>(Z>!#,-!=/20835#N!71D>!6#8!78@$0%25-!i!:"#!3%&/35-!;0$#"34-%&!207$#4B4!=/20:!
=/20,1%10;!i!607$!=/3%07!6#/2051340A3!#23$34#51#G!lH08$!$-%&!2#,10AB4!1"@7$/@60!41:38!=.-$08!!5#!/-7G!ZG
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Rys. 5.  1:38!207$#4B4!=.-$08!#23$34#5-%&!/32.3[35-%&!=3!=/207$/20"051@e!#U!A/@,3MN!207$#4@!'L!;;!T$/2-!
83;="0$-!7$#"I9"I<1Uf!,U!A/@,3MN!207$#4@!LZ!;;!T=1DN!83;="0$B4!7$#"I9"I<1!1!4#/7$4#!80h"#/@U!

m#/2051340! #23$34#510! =/34#:2350! =/202! 81"8#5#M%10! A3:215! :#4#.3! 5#! =3410/2%&51! 83;=32-$@! 4#/7$4D!
#23$8B4!A/@,3M%1!/2D:@!L(!;18/3;0$/B4G! #/7$4#!$#8#!510!7$#5341.#!:"#!7$3734#50A3!=3%178@!2#@4#[#"506!
=/207283:->! %20A3! :343:0;! ,-.! H#8$>! [0! 5#40$! =1DN! 83;="0$B4! =.-$08! T=/2041:21#5-%&! :3! @$43/2051#!
83;=32-$B4U!=/20:210"35-%&!4#/7$4?!80h"#/@!510!2:3.#.-!2#$/2-;#N!=3%178@G

F;%B(+,-.(+,/$2!#$,%+,-.!262%0&4'&+3.62

\3!=/207$/20"14#51#!@[-$3!$/B64#/7$434-%&!83;=32-$B4!7$#"I9"I<1!3!A/@,3M%1!M/0:513!)!;;>!8$B/0!78.#:#53!
4!=#810$-G!_13/?%!=3:!@4#AD!:3$-%&%2#7340!4-5181>!=/B,-!=/20,16#51#!/32=3%2D$3!3:!%2$0/0%&!4#/7$4!T/-7G!^UG
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Rys. 6.  1:38! /32.3[35-%&! =/20,1$-%&! 83;=32-$B4e! #U! %2$0/-! 83;=32-$-! 7$#"I9"I<1! TA/@,3MN! K'! ;;Uf!
,U!%2$0/-!83;=32-$-!=/20:210"350!4!M/3:8@!=3:4B65?!4#/7$4?!80h"#/@!TA/@,3MN!L'!;;U!

j8#2#.3!71D>![0!2#/B453!7#;0!=#810$-!83;=32-$B4!TA/@,3M%1!K'!;;U!6#8!1!=/20:210"350!4#/7$4?!+(!;;!80h"#/@!
TA/@,3M%1!L'!;;U!510!7$#5341?!,#/10/-!2:3"506!=347$/2-;#N!7$3734#5-!=3%178G!\3=10/3!241D8720510!A/@,3M%1!
=#810$@!83;=32-$B4! 1!:3:#510! 6072%20! 60:506!4#/7$4-!80h"#/@!2:3.#.3!2#$/2-;#N!=3%178! T/-7G!]#UG!`B4510[!
2#7$3734#510!4#/7$4-!%0/#;181! T]!;;U! 1! 60:506!4#/7$4-!80h"#/@!TZ!;;U>!=/2-!%#.8341$06!A/@,3M%1!207$#4@!
L+!;;! 7=343:34#.3! 2#$/2-;#510! =3%178@! T/-7G! ],UG! R#683/2-7$510672-! 4#/1#5$! =#810$@! TA/@,3M%1! K^!;;U>!
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Rys. 7.  1:38!/32.3[35-%& 83;=32-$B4!510=/20,1$-%&!:3!83Q%#!=/202!=3%178e!#U!A/@,3MN!=#810$@!KY!;;>!
=050$/#%6#!K]!;;f!,U!A/@,3MN!=#810$@!L+!;;>!=050$/#%6#!L+!;;f!%U!A/@,3MN!=#810$@!K^!;;>!=050$/#%6#!
36 mm

G;%H&+0C!"3%4$0(&.2!("&)*$%2%'(+,0(&9!*5%'(+,1$9!#3*5%0&4'&+3.62
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Rozkład mikrotwardości II warstwy 
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Rozkład mikrotwardości I warstwy
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Rozkład mikrotwardości III warstwy 
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Rozkład mikrotwardości III warstwy
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Rozkład mikrotwardości IV warstwy
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Rozkład mikrotwardości IV warstwy
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Rys. 8.  1:38! =/208/36B4! 83;=32-$@e! 510=/20,1$0A3! TaU! 1! =/20,1$0A3! TbU! 3/#2! /328.#:B4!;18/3$4#/:3M%1!
4!3:=341#:#6?%-%&!/-7@583;!4#/7$4#%&!83;=32-$@

R#!/-7G!)!=/20:7$#41353!=/208/B6!:4B%&!=/B,08!$0A3!7#;0A3!83;=32-$@!<1I7$#"!78.#:#6?%0A3!71D!2!%2$0/0%&!
4#/7$4!T$/20%&!4#/7$4!<1!3!A/@,3M%1!K!;;!8#[:#!1!60:506!7$#"3406!3!A/@,3M%1!++!;;UG!P3;=32-$!,-.!=3::#5-!
6#/2051340;@!#23$34#51@>!3!%2-;!M41#:%2?!4-5181!=3;1#/B4!;18/3$4#/:3M%1!4-835-4#50!4!=/208/36#%&!
=372%20AB"5-%&!4#/7$4G!S3:%2#7!=/B,!=/20,16#51#>!4!60:5-;!=/2-=#:8@!5#7$?=1.3!2#$/2-;#510!=3%178@!T/-7G!)#>!
#!4!:/@A1;!=/2-=#:8@!=/20,1%10!=/B,81!T/-7G!),UG!R#!=3:7$#410!=3/B45#51#!/328.#:B4!;18/3$4#/:3M%1!$/@:53!
@2#7#:51N!3$/2-;#5-!4-518!,#:#Q!=35104#[!=/20:7$#41350!4-8/07-!510!4-8#2@6?!17$3$5-%&!/B[51%G!W3[5#!
60:-510!=/2-=@72%2#N>![0!$#810!=3.?%20510!4#/7$4!4!83;=32-%10!3!A/@,3M%1!'(!;;!7$#5341!4#/$3MN!A/#51%25?!
1!#,-!;10N!=0453MN!2#$/2-;#51#!=3%178@!5#"0[-!@[-N!83;=32-$@!3!A/@,3M%1!81"8#!;1"1;0$/B4!41D87206G

I;%B&"-84&2!#$,

S/20=/34#:2350! ,#:#51#! 4-8#2#.->! [0! :"#! 241D872051#! 3:=3/53M%1! 4#/7$4! ;0$#"1%25-%&! 5#! =/20,1%10!
8#/#,1534-;!=3%17810;!_CK'!8#"1,/@!]>^'!;;!478#2#50!607$ $43/20510!2!51%&!83;=32-$B4!1!78.#:#510!1%&!
4! =#810$-G! n@o53! 2.3[350! =.-$81! 2#$/2-;-4#.-! =3%178! 5#! A.D,383M%1! Z'!;;>! #! =#810$-! 83;=32-$340! 6@[!
=/2-! A/@,3M%1! TK^! *! L+U! ;;G! p#7$3734#510! ;1D:2-! 4#/7$4#;1! 83;=32-$@! :3:#$834-%&! 4#/7$4! 80h"#/@!
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