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Micro acceleration switch with tooth-shaped
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Abstract: A micro acceleration switch for long pulse sensitivity was proposed to meet the requirement
of a power management system of intelligent weapons for switch latching/unlatching. The switch was
designed by using a suspended mass with tooth-shaped structure and a tooth shape guide and the
energy dissipation was realized by the mutual collision of the mass and tooth shape guide during the
moving process. The switch could implement the unlatch under the high amplitude and narrow pulse
width acceleration and the latch under the low amplitude and long pulse width acceleration reliably.
The structure and working principle of the switch were introduced. Then, the theoretical analysis and
finite element analysis(FEA) of the switch were carried out and its model was simplified. A prototype
switch was prepared by UV-LIGA technology, and the functional properties of the switch were
verified by the combination of FEA and prototype test. The FEA shows that the switch latches
reliably under 3 000 g/3 ms half sine acceleration pulse. The centrifugal test result shows that the
static latching threshold of switch is from 2 385.3 g to 2 475.6 g. The dropping shock test and FEA
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results show that the switch do not latch under 15 000 g/0. 3 ms half-sine acceleration. These results

demonstrate that the switch meets the design requirements and can be applied to the occasions where

the pulse width is required to be distinguished.

Key words: Micro Electro-mechanical System (MEMS); acceleration switch; long pulse sensitive

switch; dynamic response; tooth structure
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Fig. 1 Sketch of micro switch structure
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Fig. 2 Physical model of micro switch
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Fig. 4 Impact of damping ratio and natural frequency on

long pulse sensitivity
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Fig. 5 Collision process of micro switch
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&l 8 JiT 7 S A BR T 4y L0 BT AR A AR SR i 51 7%
M R 25 5 . B A RFABmEN B HK
FARH A B 2, O 56 e X s B A SR B
TE M 2 b T B, 155 70 SR i 25 L B % 5 A BR oo f B
AW G . BRI R A R i KA A i L
B AR 2250 0 R 8. 2% F1 6. 5% . A KR
ST )N e N S ) s B S R S NI RS o )
JE R GE0 N YRR % R L X e O e Y iz B i
IR AR 1 B Rl 12 7E O B E R K R B 4R
BiE.E/MUBNNAERZh SRR, - THE
O Z B B e 7 1) e AR LA B i o7 B[R], 2k B 37
B0, TR AR AR AR TG R B YR A 4 5
L H R AR R BT R R R B —
K BE L5 8 TR0

1.0

Relative tooth distancd

0.8F AL
A

Eosl [/ N Response 4
2 . . W_ -1 of FEA |
g [} K
g 04 il f’. A . Y '““-.‘\ Response A
= | [ A\ |R°‘SP““9‘33 / of formula
_é! 0.2H J "'-E_'OI formula | " \\

0.0} & A

Response B || Rgdl Dt
0.2 __Llil‘_I;I;éT_ .J Il 1 I L L
] 1 2 3 4 5 6 7 8 9

t/ms
8 A B S Y B e e i) 6 B o 7
Fig. 8 Displacement response of mass with

tooth-sharped structure



%114

A AT AR B R bk i R B R T 5% 2735

4 KIS IE

4.1 HFHmMIT

FIH UV-LIGA i 8 T 20 AF R A 1 i
WEL 9 Fros . B SR A S BRI A9 A 85 40 4 Al F
JE O FE U 1 AL (KW-4A) ¥ SU-8
2015 iRk T R w3 BR Ly 45 pm 1R
BB 9 Ca)) . SR e 7E 48 IR A B0 A8 v >R B B T
Ty AT R MG WL IS Y AT SR B R A A
HI . BT R K 2 41 6 Z0 ML AT IR O L B O
M HEH 450 m]/cm?, I (8] g 45 s, I SU-8 Ji
BEAT W 5% N R 408 A B W, O B A
Bl R BE LR SU-8 I ik 25 B, 52 B ] 2k
3~8 min, fJE P R A R SR AT R
LRI R 2B H 30 um M — 241
(I 9Cb)) o JH AR BL % FE Jie F R 85 T2 20, 44 )
20 pm HUEE R (B 9, HTE=FH
A B GEH  T LA R 45 I B (JS3X-808) ik
SHEEE 2SR 200 nm (AP F 2 (F9(d)) ., Hid &
UL AL R & B a (8 9Ce) ~(g)),
FIRIE AL B AR, BERIF L iy SU-8
Z I BT R s B s (| 9h) . T e RE
SEM FE1& W 10 iR,

x2 BERBRLEMIZEH

Tab. 2 Electroforming solution and process condition

(DGR RWar S5 280 B
FEL 5 B LT 7R 360~380 g/L
AR 5~10 g/L
i 50~60 g/L
T pH & 3.0~5.0
HL I 2 S 0.5~3 A/dm?
i 40~55 °C
Hi 2 L 2:10
H 4% 11 () 4.5 h

LLLE S ris

(0]

Rutiioh

(g)

l:l’ [ | . [ | t|=|
(h)

[ ] Il .

R su-8 B

(e)
K9 JFRLZmAE

Fig. 9 Fabrication process for the switch

XI18 Tmm

B 10 B B F ¢ SEM E{g

Fig. 10 SEM image of acceleration micro switch

4.2 RWEKE

3000 g/3 ms M RE SR O BL0L R 25 K 00T
W B 5 K FL R 22 B () 4G L S 30 = 45 10 T AR Mk 3R
5. PR R B 3 56 5 00 3K G 1 25 1D 4
B, P E 9 A 3 2R 0 7 A v (L ik B i
JE L LB UE I G D) g e

FH 3000 3 T S 5 2 o B R0 1 1) e 2 1K 6 R
Gl 11 s A R Gt 32 EALHE e R 5 M H A
il #8%  ARCBE AT SR, R e BB I G [ AE
A3 B LU ) RSO ) T e — B O
D FF B e A b o I BE B . R IER: &3 B AL
B efs =2 1 U8 e e 5 %) T L O SR SRR B0
IR, BTN & LR RER R A
5 BE G A, R UL ) Sk B A HE R T B L
FETF 11 38 WPk A

il 15 000 g/0. 3 ms 2 1F 5% 0 5 J3F 4 7% fi
MWHA R G, A 12 iR, R 5 2 20046 op i 7K il
VB R AR R G0, BOHE R A & 40 il A U5 508 R
BE A% I BE T B H A R A DA B S AL A A
o OCREIE o e L[ 5 7E 9% A BESk L H



2736 e KE® TR

5 24 &

R PR I L BEL 5 T SRR P A A [ % o 24 e Sk 43 i
SR AR e o R L A SR B A A S
JE A5 5 AT 5l W 15 5

P R | [ mm—\

hEf & il'?.”rJL

B 11 JefRm R g
Fig. 11

Rotation test system

R R4

12 FEN RS

Fig. 12 Drop hammer test system

4.3 KBER

X JF 2 1 e B B0 R 50 B L 2 E N
2 385.3 g BHJFSCATI A F Wi P AR A o okt 5k 3]
2 475.6 g UL % B T OC4Em, JF G 4R f5 1)
SEM EM&NE 13 Bios . 7689108 1 V8 T 813k
I ok S B 12 i . A1 0hE T O 1) e 285 B 19 41
h 2 385.3~2475.6 g,

el P ¥ A i 7 A B IR B AR S R AR S
M2 an &l 14 fros, b ER il 2 i i A5 S il 4,
BEME A 1.53 VLRI B REE R 0.1 mV/g. Ik
B B Sk 15 320 g B AR HRZR h IF A5 5 il
2, I RAG S AEAE 3 ARG X0 Y T 78 1 o 3

PERITR T O PR B Sk 0 43 g A1 o T 3¢ foh T Ject 48 4

BT 3., HE
HiRER H BN

F T oA B A i o B Bk L 1A

AE P AT, 380007 91 2k 2 ) Bk 1 2 1R

[ 4] 463 £

B 13 BOF L BURES SEM Bl 5

Fig. 13 SEM image of micro switch in latching state
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