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A Multi-parameter and Few-channel Measurement Method for

Fragment Clusters Based on Resistance Mesh Targets

TIAN Xin-yu, JIANG Hai-yan, MAO Bo-yong
(Xi'an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: In addressing the need for the synchronous measurement of fragment velocity and spatial distribution with a minimal
channel count in contact measurement target grids. a multi-parameter, few-channel-count measurement method for fragment
clustersusing a resistive network target based on a series-parallel hybrid circuit structure was proposed. A quantitative mapping
model was established between the target grid voltage response and the impact coordinates of fragment clusters by designing a
double-sided X— Y test target configuration and optimizing resistance values in a geometric progression, enabling effective ex-
traction of various impact positions and velocity parameters of fragment clusters. The fragment impact location identification
capability and velocity measurement function were validated through circuit simulations and ballistic gun tests by using a 8 X 8
position grid target on both sides as an example. The results demonstrate that the newly designed two-channel resistive network
target can reliably measure the impact positions of both single and multiple fragments with only two channels, and that the loca-
tion identification results are largely consistent with actual conditions. Special scenarios were also accurately identified, such as
fragments acting on the test circuit bus, and multiple fragments penetrating the same test area on either the front or back of the
target grid. Furthermore, when compared with fragment velocity data obtained via high-speed photography., the velocity meas-
urement deviation was found to be less than 7.61% . These results suggest that the proposed multi-parameter, few-channel-
count measurement method for fragment clusters allows the synchronous measurement of velocity and spatial distribution, provi-
ding a novel approach of acquiring fragment flight parameters.
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Fig. 1 Schematic diagrams of resistance network targets and

longitude and latitude targets
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Fig.2 Schematic diagram of the test circuit for the multi-
parameter and few-channel measurement method of

fragment clusters based on resistance net targets
M 20 (20 AT DLk — 2 1153 22 i e ) i)t 5
X Bt 0 3, g A ) 00 3 DX I I A AT BE A OB N
N=N;+N,+N;+t-+N,; +N, (3
Horb o N S Z285 1 [a) s b 20 Xl 00 3 el 6 A [] 00 3
DI T AT R RE B B0 n O X il 00 3 e A e
B 119 X I
Dok Z WA TR A LG R R IR S B
fr AR B BERE e k. I AL B R T 2 T AR
FERE A F B BE B 07 56 . L X Bl 0 e g% g

CY Bl e 5 [ B o DA S5 42 M DX 35 A 3 o o n
AN DX A 2 1 AR OCHE Y S 15 ik oE L BE
R, LbBI R R kWSS A XS BHAE R A
KUWF -
R, =R, X k' (4)

AR A X I B AR T A X BEAE . T e (T,
2,00} R, AIEUERBH s k L] R %k,

LA L K08 i 7 X e R BEL (B A 25 A ) X 38
Bl 2, T R BELE 0 48 B 25 S A DX T
JT 7 A= A s BEL A8 b IR S AR BOC R L X R
BE PR AIE 1 6 4% 1 H BEL By T T80 b D % i BELAEL,
A0 B 2 X RO B R R R AT T X
B n AN IO A N BB 60T A A B B BT AR
b AR HA R X A3 . i FR M PRIIE T 3% & )7 i
FE T X 22 % - ) o 28 00 0 B 475 BE S B A5
R 2 WA R A R

2 S8 B S bR i R B B RAT AR A B 26 LA B
RSB AL RSP RES LT 3 F T £
=R SRV 2 G E o WYY NN
S R LA 3K 3 RO DL AR B o S A ) )
A 3 fras. B L AR R AR AR R
HARRAE T JF A B4 e bR B 5L

/read the change inimpedance AR and the resistance/

values R, to R, of n parallel regions

is AR egual
to any one of

yes|fragment hit

the L area

conclusion

[ fragment hit the [ area ‘
AR=AR-R,
L=)—

conclusion

no

)/ES
conclusion

B3 HHULEBHINREER
Fig.3 Target position discrimination flowchart
g5 ORI 3 A7 LR 3L 46 L B9 4 v BEL
e B J7 GORF 0 R T 52 B A S0 07 B i S5 O 0 0 B
i BT B AR I TR AR A A XY ER - O 1 X
DN e B 45 4t — 2R A B BT AE AL A AR WS O i



FA9EF1H

HO L R R.E A ETEHARNHEE RS S U R

HHNEF * 81

SRR AU, S 2T TR R I R
T A O, B ) A A AR O R (A I T L B
B % R B 22 2 500 3 E O k0 A 5 B
F i $EA0E S R AR A Y AU HE AT LU HETS B Y A
OESE LRIV
1.1.2 HIELE T %

SN R A A AR RT AL, 2k R R o AR
I BB AR 2F AL 5 B0 F 0 R K A T I R e
S R LT AR K Pl 2 ) a3k i B B
HL T R RE A, 25 A8 R X — 2 B AE A 1 B o (5 5
(7% WL B ol 1ot $E 45 5 ¥ B B 2 A B B R
B o FET FRAHIIFAS G 111 NI Ty SR R
FH OGN 25 0T LAAS 0 . B F H BHL I 58 19 B BE 2 S 800
T RO O R A B R B AR B R R 4y
SR X/ Y s B B 25 A B TV AT S A
(A L AR A i AU AR =X CO TR 530 H A B 1 4+ BEL
PrAsfb i AR AR K 3 80 AT LUK I8 i % R B
ALE . 2R )55 L0 208 5 [R5 88 T
B0 LA B KR ST R 25 0 T 0 38 T 45 B b oA B A
BRJ7 PR B A BT AR

BT R ROy m B BERLYE L 7 2 AR e
J5 5 FE 00 Y T fE 4 B R L i B L 2
AN R 2 X Blas Y Al g A B A — I X I A
FRIR 00 o DR O 5 % 3k 9 R ok T 0 1) 5 4k Ak 2
T AT R UL

Xof o o H g R X — 1 O i A R
2 T B0 I P A T B L 0t B B R A b
AR T ICRR R AR QO R RUAS i e
B E b AU IR 23 0E T 655 K. IR A 55
B 36 v, 20 SR 25 3] 5 — 00 3 e AR A il
FRAE g w] DA E O i R i oz i v B k. o
rh ik e B R R B AN 4 () TR .

X T2 ARt g X e Y Bl it g e —
I DX Bl — 1 20 B s 2 i R i 2 X iR e
BT — D3 i 2F Yl DK R B AN (R DX U B AR
SRR X Bl i B 55 g — 4~ B
W ESE Y A B E SRR S A 2 BT
WY b i A S b TR EicRE T LA
FIW BLRAG TUAS 8 Fr o 280 #0007 52 B sk 36
H R B Hop — Sm i T A — A
TR A EEA 2 BT HoA R R
5 B0 U R AE L AT LR S 2 AR aE X
B Y Al 3 e g ) — 0 X3, FEAR R X (D i
MRS Ak i AU, 75 21 0 52 e 2% 4 o BH B 28 fb &

AR T LLAI W i & A B AL E . 24
e s 28 X Sl e g ) — 3k DX 3 I
4(b) s,

hit the test circuit bus I-_D—
-t

(b) multiple fragments broke through the X-axis test circuit
B4 BHINERTEE
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Fig. 13 Schematic diagram of the target landing area of the

new dual-channel resistance network target fragment

new dual-channel
resistance net target

fragment ballistic gun
.
A
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device < synchronous
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(b) test site diagram
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Fig. 14 Schematic diagram of test verification
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Table 3 Calibration results at the test site

location AR /Q AU,V
10 Q area 10 0.02
20 () area 20 0.04
40 Q) area 40 0.08
80 () area 75 0.15
160 Q area 160 0.32
320 Q) area 325 0.65
640 Q) area 610 1.22
1280 Q) area 1205 2.41
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target passing signal (front test circuit)
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6.0
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5.81 breaks through
Z_ - L - i
%o 5.6
S 5.4r |
S‘ - -
5.2 [
L fragment 1
2.0 breaks through
4.8 | \ . . .
22 23 24 25 26 27 28
time/ms

(a) front test circuit passes through the target signal

target passing signal (front test circuit)

fragment 1
breaks through

7.5

7.0

6.5

6.0
PO N

voltage/V

5.51

5.0F \ fragment 2

breaks through
45 . . . .

20 25 30 35 40 45 50
time/ms
(b) back test circuit passes through the target signal
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fragment 1 breaks through
location:(4,5)

fragment 2 breaks through
|ocation:(5,4)

(c) physical picture of the target net after the fragments penetration
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Fig. 15  Verification test results of location recognition function
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Table 4  Analysis table of fragment target location information

fragment identify actual
AU/V  AR/Q ) )
number location location
X-axis 0.16 80 4 4
1
Y -axis 0.33 165 5 5
X-axis 0.32 160 5 5
2
Y-axis 0.15 75 4 4

TERSFr I B 5 F L 3T i A8 — B A 1
Frnl BB 2 F P A IF AT IE 15 (o) 23 A Al LA
R 2 o 2 D O A 0 X s
AR AT AT IE R AR R & 2k 17 id — UG 5
AL R HEAT U, B U 2 B A R A A O 15
IR SRR AR ANE 16 Frs .

- target passing signal (front test circuit)

fragment 3
73 | breaks through
> 7.2F
A l
T 7.F ‘
)
Z 7.0 \
6.9F | fragment 4
— breakgs through
6.8 . ! . .
14 15 16 17 18 19

time/ms
(a) front test circuit passes through the target signal

target passing signal (front test circuit)

10
g -
>
T 87 fragment3
& breaks through
= - .
S 7
6 fragment 4
breaks through
5 T 1 1 L
14 15 16 17 18 19

time/ms
(b) back test circuit passes through the target signal

fragment 4 breaks
through
location:(3,8)

L

fragment 2 breaks through
lacation:(4,6/7 junction)

(c) physical picture of the target net after the fragments penetration
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Fig. 16 Test results of the secondary test
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Table 5  Analysis table of the target landing position information

of the secondary test fragment

fragment identify actual
AU/V  AR/Q
number location location
3 X-axis 0.15 75 4 4
Y-axis 1.87 935 6/7 junction 6/7 junction
4 X-axis 0.08 40 3 3
Y -axis 2.41 1205 8 8
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— X3,

target passing signal (front test circuit)

6.2
6.0
Z 5.8
[
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k]
© 5.6
>
| *—— fragment5,6
5.4F breaks through
52 1 1 1
12 13 14 15 16
time/ms

(a) front test circuit passes through the target signal
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target passing signal (front test circuit)

target passing signal (front test circuit)

7Lk
Z
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= fragment 7
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6.0F {
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9
¥s5.6f
= fragment 6
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5.0 |- fragment 5
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4.8 L 1 L
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time/ms

(b) back test circuit passes through the target signal

fragment 5 breaks through
location:(4/5junction,5/6junction) [F¥

fragment 6 breaks through
location:(4/3junction,3/4junction)

(c) physical picture of the target net after the fragments penetration

177 BHAERESEER(ZSIMHAEFEN
IETE E— i X i)
Fig. 17 Waveform diagram of the fragment passing through the
target (Multiple fragments penetrate the same test

area on the front or back of the target plate)
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Table 6 Analysis table of Fragment hitting Target Position
Information(Multiple fragments penetrate the same test area on the

front or back of the target plate)

fragment

identify actual
AU/V  AR/Q , ,
number location location
- X-axis 0.44 220 4/5 junction 4/5 junction
Y -axis 0.91 455 5/6 junction 5/6 junction
. X-axis 0 0 4/5 junction 4/5 junction
Y-axis 0.23 115 3/4 junction 3/4 junction

BB ot b IR0 0 e B A I 1 B 2

18 19 20 21 22 23 24 25
time/ms
(a) front test circuit passes through the target signal

" target passing signal (back test circuit)

10+

9L

8+

voltage/V

7T fragment7  a.
breaks through ‘

\ fragment 8

sk | breaks through

4 | | L 1 I L
18 19 20 21 22 23 24 25

time/ms
(b) back test circuit passes through the target signal

fragmes blcalehrough
location:(7, &/7junction)

fragment 8 breaks through

location:((hit the test circuit bus on the back)

(c) physical picture of the target net after the fragments penetration
B 18 WAEEHES B(HhEEMNLBEEELE)
Fig. 18  Waveform dlagram of the fragment passing through the
target (bus of the test circuit for hitting the back)
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Table 7 Analysis table of Fragment hitting Target Position

Information (Backside Hit Test Circuit Bus)
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fragment identify actual
AU/V  AR/Q
number location location
X-axis 1.22 610 7 7
Y-axis 1.82 910 6/7 junction 6/7 junction
the valid the valid
measurement measurement
X-axis 0
area was area was
not hit not hit
Y -axis 0 ) hit bus hit bus
0% 7 A A ) ) 0 e 45 2R 2R B < A0 R
3 JE P B AN T G Rl R R L TE A AT DA X

FrBE R 25 AN B R 1Y 3 S A B AT R
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Table 8  Analysis table of the speed information of each fragment

fragment

rber t/ms  vi/(mes ) v,/(mes)  §/%
1 23.36 308.22 325.08 5.19
2 25.59 281.14 300.97 6.59
3 15.05 478.41 510.00 6.19
4 16.94 425.03 443.67 4.20
5 13.33 540.14 556.46 2.93
6 15.05 478.41 486.78 1.72
7 20.55 350.37 379.24 7.61
8 21.6 333.33 350.45 4.89
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