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microspring >~

main slider
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safety inertial pin ———

B 18 B A IR B R E
Fig.18 Electro-magnetic MEMS S&A device
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Fig.19 MEMS electromagnetic actuator with large displace-

ment"**!

2018 4, JiaJia Zheng %7 $ HY T — Fh F F 1 7
A% JIg (magnetorheological grease, MRG) H.i& H F Jig
B MEMS ZE OR8N 20 7R o 1B g — ke ik
9 MR, MRG BERS 75 N £ 75~1000 pm fY f i
SRS BTN ENE IS = S L S R TR € N K DN R
R e P o R 8 I 22 B 1 MEMS 22 {3 256 8 114 il
PRy FE AN & 21 s o BAR & S, o1 TS A ) AR
FH % A TR 3 T Y S5 AL B R T, A 5 0T T B DY e
(rotator) [ 55 — T& LR [ 5 [6] I, Kk @4 44 (PM) U1J W7 55 1)
BB, B TR S E R MRG FE R0 9 A
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W DL i 5 ffy B2 7% 20 31 55 05 8 09 4 b Ao L W&l 21b
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FERY IS ] o PRI, 32022 0 26 8 1 Mgt O A 3R 1 (] 5 53 A
) JE A 1 R L o Jiadia Zheng B AF 9T # B, 3 i A
HEMRGORL ¥ B SR e e o Gl T B S B S
B, AT LUAT R0 45 1] A 3R 1 ]

R A5 B IR 2 AR A% o Ah AL H R
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Fig.20 MEMS S&A device using magnetorheological grease
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Fig.21 Work flow of MRG MEMS S&A device
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7R B R R D % DR S i DAL i i) T T AR 0] F )
AL E R EWRE R Z2RE . YMEBRIERT
28 VIR, R B A 45 B R LI 7 IR A] A 3 ms

T 3 9K Bl 1 22 DR 28 B TL P 52 5 3 P 358 B S
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Ve 3l 4 (49 B 31 23 BC A SR AT, >4 F TR it 7 74 S
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Fig.22 V-shaped electro-thermal micro-actuator!

2016 4%, Xiuyuan Li %42 H T —Fp H T MEMS
TR L e R I B A, R R TR
B Ko D A A SR AT R ALAR B VAL AR Bl 28 A
B, SVE s B B T AU 19.20 mm?® . HiBE AR %
AR A B R JORAS B L AR AT 3 S A A6 TR
K23 iR B 23a Ry B ARG (4 4) R S A
B R A Ja A~ I [R] ) AR Jok b B it in #E 56— A~
YEZh %% I (the first actuator) , SE AR — #1831 (8 23b);
Bl o = A E S d b — R0 09 Rk s Uk L HEB)
B i 3 & AL (B 23¢) o 2% e 3 HL SRR 2l 2 ) 7
23 VEIHLE T 742 5.27 mN B9 17, I8 B AR LA
35.66 mm-s™ i FE H#E B 500 pm. it DRIECIE
MBS Fih %, Deep Reactive lon Etching) £ A ¥ % &
HIVEALE 46 2 5% (SO, Silicon on Insulator) i[5 1, 1% &
@ EA 50 wm BB Z , 4 pm B9 E AL 2
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2017 4F, Xiaodong Zhou 5§ ' B4+ T —Ff Al F L
AR N 47 B Bl 1Y MEMS 22 0 26 &, 3 0 T T 48 4 T3 971

40]
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Fig.23 High-speed electrothermal micro-actuator driving

process "
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v DR ik D BEURE D' 28 19 i A S 15 i S X OE O
AE AT R AL L R LAS I R R — A REZ R . A
L AR R AL K KRS T 19 ms, 3% EH R GR (]
LAREHE 10 ms.

electro-thermal actuator  micro lever
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Fig.24 Electro-thermal MEMS S&A device**

cavity

a. safe position
B 25 HL A B0 2 5K S0 1 O IR g
Fig.25 Laser interrupter driven by electrothermal actuator'**’

B VT TE 2019 AR SR T T — RO AL S L AR K B
TARBEE AR 26 s o WS T 3 53 B Sl Bk A4 0T
B0 Bk BB AL P BT — S 2K o SR 8
i A — A2 B AR S AR A KT R B 2 T Ok
P Bl B 5 3 1 AR Bl R S8 BBOTC S T e fa] Y
W5 B o BROTOR R e b A 58 14 A A0 AT LS 30 i
BIINRE , i ] LAAE TARE I SR VE L 4% o 1% R AR R 3)
LALREE R 8.5 mm x8.5 mm 0.8 mm.

20 22 90 4FAX, 56 [ Fx i W [ 5 52 86 % (Sandia
National Laboratories)"** ™ **'i& i1 T —Fl b1 £ § i il 1
f9 MEMS 22 {35 8, 128 8 A e vl B s | 38 3R sl 4t 1
15 % (counter-meshing gears) , SEHL T 24 {3 % 1 5%
IR PLAR E S B, R E RS, AT S RE AL i, —
B AR AR5 5 3 B S BN BIAE . (H 2
VEIZ B AT T 22 Sk (1~2.5 wm) SR B2, H
BEH B AR RS T S A% A AT R LR A
7 N

N T i R b AR R R A R ) IR el b 5 R B BT
X MEMS 22 08 2 B 0 52 i, AR A% B R Al AT 3 A

b. armed position

CHINESE JOURNAL OF ENERGETIC MATERIALS

BiE IR, B Y T 5 WOR M8 7 51 8 U MEMS 22 R %
B E TR B 5T e A TR R AT BT B B R
TRV RS ARG Bl B 4 B AT s T RE Y
MEMS 225 8 QTR 27 BT 7R o & DR ol I T 4%
(interrupter) \#% {fil #.5C (clutch unit) 3K 3l ¥ € (drive
unit) |V A B B, B AR R SF O 13.4 mmx9.3 mmx
0.454 mm. % 5 By 1 B A PR Sl 4% R ROFLAT 21
B, FH T4 BT B 7 25 =2 8 9 43 2 5 i 5 SR Bl o
JC H1 7K Hy B Bl 8% FOR A 25 58, T T 1L 3 e e 4
S TR P N ¢ il b L AR SR N ) TR i
WA 1] Y U A, T 8 B R 4 B 2 e B A A g
Ry TEH B A RN R BIE A O BTG 1 A R Y e
Tl 0 R 15 9 A 6 R R B R 5 B A A A B A
T BUWE & B e, B A AT
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& 1) m—
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Cross section view

26 AL H IR B %

Fig.26 Electro-thermal S&A device with large displacement**’

V-shape beam

interrupter

pawl ]

B 27 R UiHE KT MEMS 22 (g
Fig.27 MEMS S&A device based on interrupter "’

2020 4, Yuecen Zhao &% 7 —F 5 T PD-
MS (R — W 5 ik S b, Polydimethylsiloxane) 4 7
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TEfiff B 22 2R R F R IR A B RAs . R B 5
Hy HEAR B 2 LM BUE A R BT B T R Vv R
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SRR, B A T B B8 O MR BT | 28 8 v Y 4
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slider

displacement amplification mechanism
28 JEFRMEM B MEMS 22 46 5
Fig.28 MEMS S&A device based on flexible material**!
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PR IO T ol S A Bl % o T LR REAE A2 B A1 5 AR
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20204, Dong Sun"*',Jiong Wang %" & i1 T —
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il H L2 A T AR B B9 MEMS 22 (25 B, 1%
i H AR AESI# (H-shaped piezoelectric motor),
JEG e, 5 B g B AL, B AT 29 B o e H RS R
A Bl g el H OB 4 S IS AR N oS B PZT (i SR TR 8 T Ha
Wi T ) Al 2, HE b B 5 P AR T F, B R D 2 R
JE HL P

.
a. H-shaped piezoelectric motor b. safety and arming device

29  JEHL IR BNl MEMS 22 {3 3 - [54-55)
Fig.29 MEMS S&A device driven by piezoelectric actuator
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55 20 0 m B Ik 5 5 IR S B & b b 7R SR B
T8 B A 25 0 180° i [ 32 B . #5 E H B R B AR B
A 1O T AT R L AR B R S S R EE A
FOAE R B 3l 2 R 1542 24 3K 3 H 8 1 i AR B 2%
HiAT o

FE120 VI3 AR ML R SR ) T, H 8 F A Bl 3 AT
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Fig.30 Schematic diagram of the working principle of the

[54-55]
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£ 25 ms N 3 mm By [ € 245, (4% Joi a8 514 K
FURTIE 58 BUROR 5 S5 A S 0915 5 B, 2 B AT 517 R
] 22 4R A, A JGB I 5 AL K FLRRRBE AL o A R DR Y
i R TR 55 R S S 1 e R 4301 120.6 mmes”™!
F1130.1 mm-s™',
2.6 ZFEEHFEIRF

TEROR BT T A5 0 VR 32 2 R ), 76 JF e
e i TG S5 A 7 14 A TG TR T A BB S5 D R 1Y
J7 B T MEMS 2 ORAE 5 o AR 4 R M A2, 0L
WA O 5 A i R S A i O gk B i 2
J5t F AL [ 9K 21 (1) MEMSS 28 R4

Taylor T. Young"**'7£ 2016 4F 4 5 T —Fh iy LK
PR 7 R Hs 2R 7 SR R BR B 1 MEMS 2 {26 &, &l 31
Ji s o %25 E i SOI(Silicon-On-Insulator, 4 Z 4 Ji§
BRI REE AR IR R R R
J2 H A A B LS A A B R A ROVE B A R R KRR A
s 2 A R R AR AR SR . TR RS,
SRR 5 O R 24 R b TR B e A B A
BT e L AR B s BHUE 5 M R AR R S AL BT RE
By i A i A BR[O 6, i B PR B 0 ) 7 AR RS
W AR RS S UK XTI R AR T R KOIRE
I ol i ) MEMS 22 £ %2 B E BT T 40 mm AR Y
THw,

arming mico motor
9 set-back lock

B 31 Z UMK S MEMS % P3¢ iR A S5 1R 0
Fig.31 Structure of multi-principle driven MEMS S&A device

2020 4F T B VT A5 70 X MEMS 42 £ 25 ' i o
PR 75 28— HAR 5 BRI T i B AHE A B LA
BGOSR F R AR 45 4R T IR g (B B A
A R A2 R B N 32 /R o iR B R R AR AR
L RN RS i H R A LA AL . TR A
RET IS A LA B i B AR JC I A8 3, (R IE
TR RGEA S FINE K BB R IF 55 B AT
BHLFTEHLE 5 (10 V LI ) M il T i B i e 4l
HIBIE , LR, RERRAR AT 2R I PE I TR 3. ke

[56]
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U 58 2 B AR AR g (BT B IBLIE T s K 5 /Ui FE 1Y
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B A B8 2h 21 K AL BT F BB AL R B A A
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a. safety position
B 32 Ak g {5 AT i ol P o
Fig.32 Structure of electro-thermal MEMS S&A device with

low g value inertia delay™”
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Table 1 Summaries and comparisons of some typical MEMS S&A devices

driven principle authors(year)

driven parameters

output displacement device size

main material

/ mm / mm?
Charles H. Robinson"*™/(2001) not explained not explained 12x15%0.8 nickel
[15] . » nickel, beryllium
Wang ~'(2017) spin condition: >36000 rpm 2 14X14x15
inertia bronze
. [8-0] set-back force:1000~20000 Gs z-direction:0.68 )
Jihun Jeong®'(2018) . - o 20X40%5 stainless steel
spin condition:2000~20000 rpm  x-direction:0.94
CNRS-LAAS™1(2010) current :53 mA not explained 8.4%7.4%3 silicon,aluminum
pyro-technic Zhu'?"(2018) constant voltage:20 V 1.5 20%17x5.5 silicon,LTCC
Hou'?2/(2018) capacitor: 40V . 40pF 2 Not explained silicon
Walter H. Maurer'?”'(2006) not explained 0.8 12x12%0.8 nickel
~ wu?(2010) tantalum capacitor:25 V., 100 wF 3 13x13%20 nickel
electro-magnetic
[32] . . silicon,
Sun"**(2020) driven voltage:5 V not explained 15%9%0.5 . .
zinc-aluminum
Hul*/(2017) driven voltage:17 V 0.402 8x8%0.5 silicon
Hu*(2019) driven voltage: 11V >0.5 8.5%8.5 0.8 silicon

electro-thermal

Fang'¥'(2019)

driven voltage:13.9V/17 V

rotation angle>360° 13.4%x9.3X0.454 silicon

piezoelectric Sun®*(2020) AC voltage:120 V 3 not explained metal, PZT
Taylor T. Young'®®'(2016) inertial and electro-thermal 0.5 not explained silicon

multi-principle (57 inertial force:10 g -
Hu>"'(2020) 1.5 10%10%0.28 silicon

direct voltage:10 V

5 BN Bk kA T Y I RE -
3.2 MEMSZGZREEBESNTmAEEBRIT

R A5 A58 0 270 v S 00 I T ) 85 4 S [ T
JE 8 4 R A OB K e 90 A o R KE R 8 . o
G 2R KE P 0 2 48 77 90 v B B KE TR e E e 2 0 — B
b TR R B A A AR A T BB R
J e X A NI TR TR U NN N 7 o e a1
JUA Bl 24 500 R R o R, o R BB AR R R
2% 5 TR 7 2R JE 7 91 2 48 7 B 95 RS TR b SRR
JCHE AW RE IS T — Z Y R HE JT A B 2 ) B I, £
WER) iR e AN e KA S5 1 T — e 2570, Bk
PR KE T 5 38 R A A A

8 2 W 25 1 58 B R PR PR R R AR A T A0
oAl DA & A SO B ] 0 B A P 2
BRI AT B ORUE o X PN B A ORI A A
79, A5 LR AIE 42 42 R AT S R 1 [m] I SCAR AR BE I 1
TIPS 8N T 5 R A5 A i R A
R & S TR Bl FH R 5 MEMS AR 1 &
J& UL B AR 2 TR B e Y, i — 20 e sl 1 N 8 2 R
BUAS ) SRS 8 1 0 1) e S5 k20

MEMS KT i 2 SR CAR in T8 AR FCRe 25 45 R
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Bl 34 it s, (8 AR, %O 58 v %) Tl B i e 1
i 5 % R L B T R R 85 7 2B 1 KO T 1 il A% R AL
U T — g 2 M B Ok AR A 5 BRI ALA P i
B AR T T, 8 R 0 25 5 A AR L X IE SR 28 7= A 1Y) K M
ARSI R — R,

202145 ARV AR R T — R EL A N B R
At

www.energetic-materials.org.cn



WO H 2R 48 H MEMS % 4 R R 3% 8 B o8 IR 5 e

91

B MEMS KT B 35 078 o 12K T MEMS #
AETT M MEMS LR ¢ B A A, ST 11 mmx12 mmx
1.2 mm. Al/CuO £ )2 2 I i B8 4% DT FAE MEMS # g
JCIY Ni-Cr B F, HIR 1 I AE 2 i 1 s MEMS 2 {1 2% 1
BB EAEAGRF A D L IE 1 VIV RIR S R, e
Ak AR T R B 1 mm (K TFA&E K FLE AL 600 pm) , 8
BB NG RIREBFE B R R KRE . TERKCRET,
64 V ik EL TR AT 5] & MEMS $a fE TTHER K, 0 = ]
K8 mm; i 7E AR AR, BRI B T B AN & kL 7R
Az 1) KOk b TG 3 i A% kAL

target
energetic material
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MEMS S&A device
cover pllate

a. safety position

34 P AR 1 MEMS T 5 7R e
Fig.34 The principle of the MEMS initiator with built-in S&A

b. armed position
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| /]
| \l/g\‘* detonator

)
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o MEMS S8A device
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B33 P9 A R R ) MEMS ST i 2 7 28 el
Fig.33 Structure of the MEMS initiator with built-in S&A

device'®'!
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A Review on MEMS Safety and Arming Devices for Micro-initiation System

KAN Wen-xing, CHU En-yi, LIU Wei, REN Wei, REN Xiao-ming
(Science and Technology on Applied Physical Chemistry Laboratory , Shaanxi Applied Physics and Chemistry Research Institute, Xi'an 710061, China)

Abstract: Initiating explosive devices are the first component of the weapon system, their safety and reliability directly affect the
safety and reliability of the weapon system. In order to meet the development requirements of miniaturization and integration of
ammunition, the fuze is needed to integrate with initiator to form a micro-initiation system with high safety, high reliability, and
multi-functional integration. MEMS (Micro-Electro-Mechanical System) safety and arming device (S&A device) is one of the key
technologies. The development of MEMS S&A device used in micro-fuze and micro-initiation system in recent years was summa-
rized, and the device material, device size, driven mechanisms, driven conditions, output efficiency, application platforms,
and other aspects were compared and analyzed. Combined with the structure and size of the initiating device, the working prin-
ciple of micro-initiation system with built-in MEMS S&A device was proposed. This MEMS initiator with built-in S&A device
meets the development requirements of the next generation initiator, and it is also one of the main development directions of ini-
tiator in the future.
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