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Research on rotating speed measuring device and method of
high rotation ammunition

Liu Fuchao"* Liu Ning"*  Zhao Hui'"?

(1. School of Automation, Beijing Information Science &. Technology University, Beijing 100192, China; 2. Beijing Key Laboratory of

Li Cunjian' Wang Guigi'

High Dynamic Navigation Technology, University of Beijing Information Science & Technology, Beijing 100101, China)
Abstract: Aiming at the problem that it is difficult to accurately measure the high rotational speed of high rotation
ammunition, a speed measuring device based on geomagnetic sensor is designed. The measurement device mainly uses
HMC1053 three-axis geomagnetic sensor and STM32H753 ARM chip to complete the speed measurement [unction,
According to the characteristics of the output signal of the geomagnetic sensor, the time-domain characteristics of the
rotational speed signal are simulated and analyzed by using the zero-crossing detection method, and the time-frequency
characteristics of the rotational speed information are also simulated and analyzed by using the short-time Fourier
transform and continuous wavelet transform methods. The results show that the continuous wavelet transform method
has higher [requency resolution and higher rotational speed precision. Finally, the machine speed test and missile-borne
flight test are carried out to verify that the maximum error of the machine speed test is 0. 011 3 r/s. The test results
show that the speed measurement method is feasible, which provides relevant support for the navigation and guidance
technology of high rotation ammunition and has certain engineering application value.

Keywords: high rotation ammunition; geomagnetic sensor;rotating speed measuring ; time-frequency domain analysis

2| T 1 5 2 e R R R R M R B

ot

e e ] 5 2 A TR AT I B R B R e e R
AT SR R B AR A R B A R A L 0 )
525 BB A& BT D BE R R PR Y T R A BRI
SE 245 i A ) S L HOR 4 T 5 A D B 4R AR R
2 I BUHARE TRAT Y AR A T B AR S our 3 RE R 2 A
VISR il 25 A9 450 L AR LR B B R R BRI, i

e F% H 19 :2022-09-20

R ] 2L ) e M A R P R AR R EL T

AL (H L 37 B R AR A L R o R S TR AR AR XS
%E‘JIVE%PEO i 1A% SRR AR T LA S ) e 5 kB AR
B SR A R 2 A I i B BN R R Al
HAE F7 0 FBUA IR 45 W S AT L S A ok L R T S 1 R
i X R e T 2 HEAT e I B A B R T IR AR B T D
KIE. FRAIEET 00 R L R 55 XU

*» HATHE AL AT AR R H S (4214071, 4212003) F K H EHFE TR (2020 YFC1511702) 35 H Y% B)

o 37 o



5 46 & woF o

¥ #H K

TEIEERT MR B L B = st A SR 2 1R 5 A A i
RCE R A R AR AR B0y BT X o AR S AT I
ST, BB A R R R R e T A R/ =
Fe ikt RO EYRES TR R BRb 2 S A AR
R I U A% R A R AR (S AT AL B
B S B A T 1Y S I 0

ASCHR R T — Bl 5 T = Bl e A R A ) % e )
B 3 A D Ty 9 M A R A R AT T A0 #
gL TR AR SR O B o 20 Tl SR PR A IR L Ok A 4 A I
S /NP WTT 0 1A S B IR A BEAT T R4y
A s i B A LR 5% 6 e R AT IR IR E T A%
BINER AT,

| gENEREL

o I T 3 2 e A B AR U AS SO R 09 2 H A
KRR — R B, BEE i IMA R Ay 2 s ok,
WSS ECEE RESIAAEN RN T . A 3CGER
TERRBHIRAFM HMC1053 = fh b B 14 8% 251 Sy 37 5 1)
A, B R Fh 16-pin LCC /MBI 32 Hi G S 45 0y, LB I
FEAL BB AEBUN A MU R T B REERSE. R
i HMCL053 Hi R A% %25 09 4 58 2 B0RT 20, H i 1o 431 38 0l
JE TR E 15 2 ) 0 O S 0 o R, L R R R AR A
k1R,

£ 1 HMC1053 B EE RSB ERIER

A L) Eiiga
e Gauss +6
Iy R pGauss 120
Gl MHz 5
Wt 7 % i nV/+/Hz 50
RWJE mV/V/gauss 1
L H H R v 5
i P2 ¥ e —40~125
NN mm 3X3X0.9

A R e o v R LA ST T A A | P R A A
RO M A i 1 R B R B RO A
HROT B R ST LT 5 S Ab BE R OT AR R A SO
Ab PR TT GEAE FROT  HLIR A BT, A% R SO T 5
14 b BE A AL B US A5 5 UE A S A B B IEAT BLBE L TR
VUTC . 8 5 o 50805 R SR BT HEAT (R 5 R 4R PR R AR S5 M 6
Z %0 AL PR B U REAT B R 0 A0 TR TR A A R
A TR AL

2 HENEBAE

ETEERMBEENE S %
RRAECAR-HABFR R 0 — xyz, WIE 2 Pros, BB AR AR

2.1

« 38

ShERELH P 8 LB AR

1 FlilREEE

FIF N o ALK WES H PT e 0 2 100 O bk 4 18
o BB T e AL O IE v B A BE DT I 1 AR O IE
6]+ = il 1) 3 B R AR

M2 db-ZR-HAb bR R B AL AR B

B2 HRRWAGRE, HEKFHo —z—y LW

WNIKWEIE T, Ml /1 05 b B 1 /1 T A9 e /)

KA &, 5K I A A 9. B AR A
RAFBFR AP E R MO RRFERR

H,
T = Hcos9,H. = Hsing,9 = arctan(——)

T
. H, (1
H, = Tcos¢, H, = Tsing,& = arctan(?
H'=T°+H=H,+H,+H,’

PR LD AT LA 30 3 A% R A8 RO TE L AR st A b &R L
1 =t or L, AT LLRAR
H, = Hcosdcosé
{Hy = Hcosysiné (2
H, = sing9
P (20 W0 i 5 24 70 TR AT I AR b SHORUBE B T 2R
ok B M 12 2 AR B 26 56 T RO R s — 1 TR B TR T 19 o e
{55 28 AT AR AE 52 B0 AR 5% 28, 1E 3% I8 3 A2 5k Uk
TE 0 — A~ i 01 B Ay o B 2 e il — SR A B ] . AR TR
T MR AR SR B A T B B B S B AR AR R A
5 1 1 I 0 L I8 AR R Ak T B i) 2 A5 B2 A SR A
mE 3 Fix .
S 3 AT, 20 ~ 2, WF 200 f9 IR i) 22 B A P 5% 19 24
A, T A5 20 B0 A 2 A i B PR A AL AT DAR AR O
n=1/20,—1t) (3
R S 0 2 o e 5 24 P sl X AR 1) Y b A% R R
42 i R 200 ARG 0 2ok B o Bt 220 BT T L L L R R



XA TS FRAMRMNERER G EMAL

1L

} ! L |
11.0 1.2 114 11.6 11.8
G

3 MR AR AR RS i 2k

TR TR 2 HCHE B0 o L T X A R R AT B A
T ANz A BE R .
2.2 ETianEEMERE R TUE S 8T 77 A

e G2 o L L A e i U R H A 5 R ) e 1
TCIEAE NS HEAT 3 R T R — ) ML, 42 10 T A
R AR 7 1k S SR T A LR e 0 S Al
AR e 2 TR DL — A PR BT R4 2 (o o BB IR RRAR 5
TE 73T 7 80 4 I 18] P9 2 A3 B0 G 77 R R A (o) TR (7] b
BRI S 0E S AT B B B . 18 B — A L IR A X A
55 () HYSEIE BL A H T LSRR R

STET(. f) = J (O (r — e ™ de 4

K b (o) FRLL ¢ AT B R R T4 S
[z, STFT (¢, /> T LLEVE R %05 ZI 9 5% , 4n SR A8 15 3
R B P L R B R A £ 5 1 4 3 T 0
B, MGTIASAS I I ) 43 9 SR AR S L B 1 AR B I AR 4y
WA AR B R AL AR P R L T AR R
1 PR BT 0 5 2 B L Y 2 A URRAE
2.3 BT ES/NEI 50 BRI 5 4

PN A T LA TR R 40 B 1 5 78 R ) 38 B B 1 4 A
SRR /NI 1 0 A 2 TR 2 R R R R
wwﬁ—%ﬁﬁﬁ@ﬁﬁMM)eﬁm>ﬁﬁéwV
lw | 'dw <too. FEARR @) F— AN P o ()
B o) MR A S, LN AR AT R R A
t—0b
a

BLNL AT fe L7 MiEsk

{@us) =l a|” oC )sb € Rva € R—1{0}, HE¢

AN {punt O
AN AR E LA

(W, (asb) = a \7J‘X?\f<t>¢<la;b>dt )

s (W) Ca,b) YRR RN R a0 BN H . a BR A
RUBE R R AR A 24,0 J2& AR W ) 2 25 6] i B /Y 2
B, BRI Ol R TSR B RUEE o B9 7E AT AR
46 5 M SE /N R R DR S R a0 AR . R
BER) BRI 1/ @ XERE T IR w o B BRI, X 500 2R s a
FOBE B, S A3 A< BRI

3 HEESW

3.1 HELREEEIRKE

Rk 3R 5 B A AT A o 6T B I B 7 vk AT
BRI BRI » A SOREE 3 LR U580 BT R 4R 16 B8 1 A7 43 B
XEEG AN 4 B o TR e e e T 9 i 5
TR LA BIMURBE RS M L e e B RS T R R w2 R
R o 2 R R A o A L [R) [l e gl R
e S B 2 A A SO T SR L R B R B
ML 4 A B LR MUR IR Bl % B e s, SR A S B E N 5
10,20,30,40,30,20,10,5 r/s, JLIRFF 1k 5 R BOT s AL A %
8w » AT 2 BT AT B

B4 HURE: R

T8 o B R 2 SR 4 ) b A% SR AR B I 5 B
7S 53 | A o I A B v 2 e A 3 N Y A T O O
e S S AT I AU A L AN BT 6 R T BT L B AR R Y
e L 8 fion .

%)
<

R /T

)
w

20 I 1 | ! I ]
-0 50 100 150 200 250 300

I )/
B 5 A g T &2 B

100 150 200
i f8]/s

Wl 6 Ji it {8 B o A S g R A 2

M S ol LA B AL R % 9 388 QR /) 5 i ik
e 30 .



5 46 & woF o

¥ #H K

50 100 150 200 250
i ) /s

BTSN I
S0

% 4or |
gzo- -
S

1 1 1 1 1 J
0 50 100 150 200 250 300
Fif T8 /s

K8 B PR B il 2

e S A8 B o W (R e R SR R AR R A AR R .
Bl 6 Al 7 oF ] LUF Y 2R RS I B o 3 48 A i 5 /) i 2R
o7 1k MU A 5 1) B R AT 01 0 A il RS A 2
AR — B0 AE R SR ) /N IR 70 f6 5 TR 28 S A 2 T 4
Ay WA R, R I T ek A T AR B AR T
Hy &1 8 AT LUA HY 3 gk 5 B 5 £ B R A5 L R e
5 24 M HLR 8 E — B0 U207 i AT Y E O W
e I P 3 A LR T Tl 7 — S 1A R AR B = U B 1
MEEA ~EMME SR m, A RiR2EmRE 2
BN

x2 HERE
BUSE/ (res™)  MREAE/(res™)  HHEEZE/(ees™h)
5 5.000 3 0. 000 3
10 9.998 2 0.001 8
20 19.998 3 0.002 7
30 29.996 7 0.003 3
40 40. 011 3 0.011 3
3.2 BERITHE

e B R BB A S SR AT AT R R
T ) e P T SR AR I RAT S A v A B AT
AT 5 e r AR )l b A R e 0 B R AN P 9 PR . AT
ORI LA B RATIS ) 25 s, bl A% B i i 1 ol 2R e 1
AL 28 X S — RO B B A T B R

Bl 10 Sk T 4 I L - A e F) 2 o 400 i £ T 11
o T 3 R /N e A G B B S AR o L e e X B R B SR
T S /N PR BT A A5 B TR U S B4 R ROR A

o« 40

x104

236

=

£32
= 28

=

i i)/s
2 o] HiL R I 2 B A

Bl 9

HEAT — 58 iR A 008 B A 2 FE RS R oy » A AR
Y HIERLRE ST . B 12 D AR A QAT I AR R L A
FH i 570N 728 48 77 15 i R I A T 2k A AR £ R L 32 T B
H AR S I U L

550 (e B AR A5 )
200
EN 150
M
R 100
50
0 =
5 10 15 20 25
I [ /s
Bl 10 do A e B oA o s A 28

e NPT TR

5 S 20 25

A )/s
Bl11 2 S0/ i 28 46 i) it 2
200 —
-?;\15()
§100
=
o
# 50
0 S 10 15 20 25
i 1A/s

B 12 Sy AT e R £k



XA TS FRAMRMNERER G EMAL

1L

15 T ) S R 2 A R X BT 2 R 2 R kM
IR AR R E SRR R R N AR
FRHES BB HRNBEREERK., RICEXRRBLT
T = Tl b A AR 0 BRI A, W AR IR A = Rl e
g g5 B, 40T 1 B T R W A O T Yk L T
o Bt R8T VL A g 7% B 43 BT Ok R R T o /N AR 4 11
B3 BT 7 B 3 AL DR B A R B R AT I FE 4 SR
T IR B RIATE 3 AR B TR % S /0N U AR R O vk 0 B
A A B ) S5 L 5 T S B A 0K B B AT AR T
HEAER AR AR AT EHTIEELAE BAE
e 4 I TR B R0 R A
S & Uk
(1] HSIF, XL AR B, 45, il 5 30 5 T ) 2 6 R F
w RS EELI]L A 345 ik, 2016, 42 (11):
1620-1629.

(2] WSl 5K E BB, 5. 7 030 24 6 S ) 2t o 3 43
M EM L) ] BB AR 2, 2012,25(7) : 951-956.

[3] X5k 5 kF, % BT Rl eiE 5 IR A
R s B L1 12 B 5 & %, 2018, 37 (3):
141-144.

(4] s, ERULHHPE 5. B Rhmg G Bds I & 5% 3 R
AR A T AL ERESE TRS%H, 2020,
41(7) ;1-4.

(5] HWICEEI0. 2500, 5T rg B AL 2R Y 5 be s i
BRI & LT, BT B AR . 2017,40(5) :47-50.

(67  SRIBEHT, R o, R . BCHE 00 P Jh 4 1% 25 ) & 3
RS M Ik L)) A% A SR 58, 2021,40(8) : 9-12.

(7] ZSCHE.EEZI0. W, 5. 2 FREBLAG A 1Y H e
WM EREL]] &7 W& AR, 2017, 40 (2);
175-178.

(8] UKL, BRAE T, 6T, HumE AL B dh AT 25 5% 3 I 1 15
HrFElT]. ik, 2016(10):23-24.

(9]  EWFEERX, BB &, % AT Hilbert ALt 3850
BT WBER A BT (T ] KR RS 55 R,
2018,39(4) .81-85.

[10] #3C, T 3O, AR 2, . BB S B0 AR 1
WEFELT]. P A% ,2016,39(3) :667-670.

[11]  PhBEE. 5 1 25 5% 8 3 09 JRe P9 60 L 3% 55 T & 05
FD]. KR, 2021,

(127 B2, 5@, 7 BT, 5. 56T FET B 7 3 L % B
WEAL I EEL) ], #IE 24, 2016,28(2) : 1-4.

(137 Z=3CZE, 2. X —0g , % JLF A /N Z 33k i 34
S By AR L] B ER, 2018,44(1) 0 35-39.

[14] 25, FRE, KB, 5. 5T R 1E 6 B30 K 2 1E
DI & 77 vk [T, % BB R % 4], 2017, 30 (5):
692-696.

[16]  SiFoR. R H{H, 2 S0, 45, - 00k i 28 B 15 45 10
AN e S i I e 7 L) . R TOAE R, 2008 (29)
1367-1372.

E&Z &

XAEEA, B A 0L, W, BB R m R e S S

HOA MRS AE MRS,

E-mail: lfc@bistu. edu. cn

o« 4]



