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Repeating Projectile Velocity Measuring System Based on Laser Screen

ZHAO Yu, ZHAO Dong-e

(National Key Laboratory for Electronic Measurement Technology of North University of China , Taiyuan 030051, China)

Abstract : Study on measuring repeating projectile velocity and firing rate is an important problem for shooting range

test. An area cut velocity measuring system based on four light screens was introduced. Output waveform characteristics

of the projectile were analyzed, front edge analysis method were used to conform the characteristic point of output wave-

form, and signal matching method used to conform the characteristic point of output waveform with vibration signals. A

measuring software based on ve+ + development environment was programmed, using software to process the waveform

date to obtain velocity and firing rate of repeating projectile. The experimental results show that the laser screen measur-

ing system is easy to operate, test results are accurate.

Key words:laser velocity measuring; VC+ + ;projectile velocity; firing rate

SHRLML R A o B b e B AR B — R
Y3, L EAR M | K 2 A PR R B B — D E A
ARIEHS . AL 5L B A T7 1 322 W] 43 O 3 vk AR 1
i, ok kB A B BE LA AR B 0 4 AR B Ak 2
TEL PR KM DeR 0 L AF AT ok . ik
HESE W HIERE, F BT ERZN XSS .
H T ke T 037 B JR BR M, T Sl 4 A 3k 9 Bz
FBOR ™z X &, R T AR AR &
TR B2 TRy TR B A R, BR T BB 6 BE AT I B LA
Gb, FEA SR SR I E] , FT LA KT 3% K R B S A5 AT I
o, B BN R K R G — A A T

1 ¥ B 85 :2010 - 05— 13
E&TH : 154 BHE A A4 & 8L H (2010091013)

4yl
1 BOEGH I e

PO RN ERFEM B NE 1 iR, ZRGEH
POSEHEAT R, 0 T IR L TE 4 DA EN LA E
D BB, M e) 3 LK IR &3t Py, Py, Py, Py F
W, B —A VT, #ALBH R EB 4 6Lk, Ot B Rl
HWETHUNEESEARERF. REL PP,
P, P ¥ R P % X8 X 4R Of w78 Py Py AN
PP, REMAEE Az, Az, YR FALE 2 %

{EF B A (1980 — ), 5 (W) MR, B, L, 32 8 I S S vl 00 Oy T O B 52



%3

BT BT ROR I E R IR RS 11

BIE B [E] 22 A ry Ay BIATSRAG 3L ARG 3 X [H)

(1)

1 MERGEHB
o ER B AR S AT UL Py, P, BIETE R
.2 M EESRES & EE MR ER, R X 2
MRHE S TES G S P AT AL BB — B 2 BF
~,
At=t,~ 1 (2)

AN

B2 S HESLR
2 BWOBLENER G BT

JeF A BN 3 BT, RBOL SR R R AT
R AR IR 1 S B B T 2R B0 e R A

Yy

[hT B ALK B PR A5 F]
ES o umiiE -1

B3 kFEMK

B4 BARRER (ERER, ER4ZBARRKER)
BTSRRI 2R B B S R0 K e B A B,
HIAREFR T, REFRKH UDAQ20612 & ## F
REFR,BSBFAARERORS B SREREE,
W ERESESME R T, EEEYHNE
DT IR R AL Y BE RN S AR SR S8

2.1 MR EIEIT

WK HE T VC+ + JF R85, T2 il 4
FR4Y, TN FRSY , AL T 43 M L A o
3T LA R R R 5 fil A F T SR SR AR A R
5 LB BE 5 K BER 5K, SR AR AL B S A 3 AL
RECHEE SR ZH, PRl 5 R R PR ik
FL P B 0 B O T AL $ 1R S 0 £ R BE A AL
FLAR 5 R B AOAR(EL . 2 7 30 40 K 2R 48 B B0 B LA B
or XERA.

2.2 BEAEE®

R BALSME B RRAE , 30t B B o 20 BOG RE
B M55, % TRl — 3L, L 2F R 2 AN 6 B Y
TR BE B A AR R, LS L PTE AT A BE R &,
K A R R T B FORBOE e 5.

WEH ()BT ,(k=0,1,,n) LK &
BAER f(z0)s f(21), f(x2) o f(z,), 18 FHEME
JFRHEL A LME n WIEEZTRP()EHR f(2)BiE
PLHTFEHANRFHEES, B P (2) WELE
0 f () B RME XA ST A BB A 5

P (z)~f(z) (3)

2 BRORHE I R OR R T A B4, R 5 AR BE R —
FERL,AH 6NN E xpixg,x1=x0+ kyxy =20 +
2k x3= a9 + 3k, x4 = x¢ + 4k LI RREE R f



12 b, N S S VA ¢

(x()),f(x1),f(xz),f(l?j,),f(ﬂm)ﬂ5 4 ‘{Jb\ﬁ{ﬁg]ﬁ
=
P4(I):

(x*xl)(x*xz)(x*x3)(x*x4)
(20— 1) (2o — 22) (g — 23) (29— q) 7 (%0)

+

(.IC _1'0)(1' —xz)(x—x3)(x _.:C4)

(1 - z0)(z1— 22) (a1~ )z - | (7)Y
e (e e R
<a§f:x?3)<(;:2;2;?;2))(&:‘24) £ as) +
promplrngat el s ) @)

& x=x0+ th, (4R LAFRR R
P4<x0+zk)ziu—l)(t—2)(1:—3)@—4)-

Flao) =t =2) (e =3) (¢ =) fla) + 5ot -
D2 =3)(t=4) flaz) ~ (= D(z =2 (1= 4)-

fla) + ot (=D (e =2) (e =3) flay) (5)
LT ¢ R% A

P+ k) =ﬁ[(2z3f 152 +35¢ +25) -

F(zo) — (823 — 5412+ 1041 —48) f(zy) + (122 —

722+ 1141 —36) f(x,) — (84% — 42+ + 561 —16) -

Flx3)+ (23 =922+ 111 —3) f(x4) ] (6)

SR t=0~415H 5 5REBEAR

:ﬁ[ —25F(zg) + 48 (zy) — 36 f(z,) +
16 f(x3) —3f(xy)] (7)

I:ﬁ[ “3f(zy) ~10f(zy) +18F(zy) —
6f(x3)+ f(z4)] (8)

Dy =1 [£(20) = 8(a) +8£(3) = flx)]

(9)

D,

D

D3 =337l = Flao) = 6(x) +18f(x,) +
10f(x3) +3f(xy)] (10)
D4=ﬁ[3f(x0) 16 £(zy) +36 f(y) -

48 f(x3) +25f(xy4)] (11)
He, D, A—B S f (z,) FELE. B3R
D', A= S8 (x,) B UME,S mARIF

D'Ozﬁmsﬂxo) +104/(xy) + 114 (z,)

B 25%
=56 f(x;3) +11f(z,)] (12)
D'F%kz[“f(xo) =20f(x) +6f(xy) +
4f(x3) = f(z4)] (13)
D'y= sl f(ag) #16f (21) = 307 (22) +
16 f(x3) — f(x4)] (14)
D'y= ol f(ag) 47 (a0) +6(2s) -
20 f(z3) +11f(z4) ] (15)
D'y = o [/ Ca) = 56 (20) + 114 £ () -
104 f(x3) +35f(z4) ] (16)

A5 R SOR T 5 T 5050 < 3L $ BOE 1Y
FRAE A RE 15 B0 B A AR . TOAH SR Rk ik, 2
TEFTSR LA mPIAS B 2 4038 B 5 FER
LRI R MG R, — 8 R BOR 2 2 4, WA
T oh— I AN R, — BB 5 — R L A R AE
S5 DLCRRE 5 O R v , RS2 4R 5 85 JLR 38 HL B ¢
fIE A A E A5 R B OHLARAE 5 < T , AR St T
R , K (1) 23 3058 4% T ML e 3

XFF n R, SR EZE B o R BIRFE R
e X O B B [ 5 575 — S 38 KUARRAE i o O i 1) 2 2
RE , X VU 3 T8 2R 5 R G ST T U

fr= >

(27— 2})

soizes (n=1)
Hp, i R s MBS n K BAUERE 5 BT XF B
A 1]

Wk i Frhm ks s B FE N E 3, f
R IR 55 18 A AT fe R AL 1
S WE 5 s, A, IR SIE SIRE R K, 2L AR
I Z, T AL SR AE S 2 UK v 454, B A AL B
MERRINGES R AT EBIE S &S, T AR A

/\/{W\/w_
e N
m
M

B5 2ERARNESHTEEE
(F#F1TR)

(17)




%38 Z=434£% . HMR3000 B F 2 REFRFE LHHEH 17
x4 HHEEHBEEEHNEIRE /(%)
BEERM /()
B
20 53 105 161 214 286 335
1 1.1 1.6 2.1 1.5 -1.9 -1.9 1.1
2 1.2 1.2 1.7 1.4 -2.1 -1.9 0.9
3 1.2 1.2 -0.3 1.9 -1.8 -1.5 1.9
4 1.6 2.1 0.5 1.8 -1.4 -1.4 1.8
5 1.7 1.7 1.7 1 -0.5 -1.2 1.9
6 1.4 1.4 1.9 0.8 -0.7 -0.9 2.0
7 1.5 2 2 0 -0.2 -0.6 1.8
8 2 1.5 1.5 0.1 -0.2 -0.6 1.8
9 1.3 1.8 0.3 0.1 0.1 -0.6 1.7
10 1.6 1.6 0.1 1.1 -0.4 -0.4 1.2
11 0.9 1.4 0.9 0.7 -0.9 -0.9 0.6
12 1.1 1.6 1.6 1.2 -0.9 -1.6 0.4
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