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14 Abstract: In order to meet the military requirements of the fuze, such as precision strike, efficient
15 mutilates ability and low collateral damages, the microminiaturization is an inevitable trend of
16 secure system. Based on the silicon-based MEMS S&A device designed by our term, the design
17 principles of each module and fabrication process are introduced. The average fracture strength
18 and Young's modulus of the silicon are 726MPa and 175GPa from the tensile test, respectively.
19 From Hopkinson impact experiment, we can get the threshold-value judging mechanism being
20 safety under the impact overload of 20526g, and this value is much more than the standard of the
21 drop overload 12000g; the arming value under the centrifugal overload obtained from theory,
22 simulation and experiment is at the range of 28200g and 32000g, it shows that the threshold-value
23 judging mechanism can be arming compared with the value 35951g of design principle. Therefore,
24 the threshold-value judging mechanism can meet the design requirements of overload.
25 Furthermore, the relationship of fracture threshold-values obtained by different theories is found
26 out through parametric design method, as shown in Figure 14, it provides the theory evidence to
27 the follow parametric design.

28 Keywords: MEMS S&A device; threshold-value judging mechanism; fabrication process; tensile
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30

31  1.Introduction

32 MEMS is a relatively new and fast-growing field in microelectronics [1-3]. MEMS is commonly
33 used as actuators, sensors, and radio frequency and micro fluidic components, as well as
34  bio-composites, with a wide variety of applications in health care, automotive, and military
35  industries. It is expected that the market for MEMS will grow to over $30B by 2050 [4-7].

36 Weapons are mainly mechanical equipment based on the mechanical processing technology in
37  twentieth century, and are quickly into the intelligent, information and miniaturization in
38  twenty-first century [8-10]. The application of MEMS technology is inevitable trend of the
39  development of modern weapons and equipment. With the application of weapon is more widely,
40  fuze as a function module of the weapon, and the function of fuze is more than ever [11]. In order to
41  place more modules in the fuze, it is needed to apply the MEMS technology on the Safety and
42  Arming device, which is the key mechanism about ensuring the safety in handling transportation
43 and storage, meanwhile, it is the reliable arming with the launch overload in fuze [19-21].
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44 MEMS S&A device have obvious advantages compared to the traditional S&A device, such as
45  small size, light weight and low cost [15-18]. The MEMS S&A device can make more space, place
46  more functional modules and decrease the charge, and then improve the accuracy of ammunition,
47  combat power and cost-effectiveness ratio.

48 At present, there are two routes of the miniaturization for the MEMS S&A device [19-21]. One
49  of routes is non-silicon-based route and the other one is silicon-based route. Non-silicon-based route
50  is mainly based on nickel and copper materials with the LIGA or UV-LIAG process, one of the
51  advantages is that it is widely chosen material and can obtain the structure with higher depth and
52 width. One of the disadvantages is that it cannot be integrated processing, and needs
53  micro-assembly tasks. Silicon-based route is mainly based on silicon material with the DRIE or SOI
94 process, the advantages are the process has a good compatibility with the traditional
55  microelectronics process, which can achieve integration of processing and realize the
56  miniaturization. Its disadvantages are that the impact of silicon material is relatively poor [22-24].
o7 Silicon-based route is the development direction of the future MEMS S&A device [25-28]. The
58  process of the Silicon-based route can be integrated with microelectronics, and make the S&A device
59  become an independent chip module, and other modules are integrated together to achieve the
60  conception of 'fuze on chip' [29-31]. Aiming at the conception of 'fuze on chip’, our term puts
61 forward a silicon-based MEMS S&A device innovatively. At the same time, the mechanical
62  environment sensing layer is fabricated periodically [32-34]. Furthermore, the various modules of
63  the mechanical environment sensing layer should be experimented and simulated.

64 A few works have been carried out for detailed analysis of the mechanical environment sensing
65 layer in MEMS S&A device. This paper aims to verify the feasibility of the designed threshold-value
66 judging mechanism in MEMS S&A device. First, the simplified threshold-value judging mechanism
67 s fabricated and the mechanical properties of silicon materials are tested. Next, the safety of the
68  threshold-value judging mechanism under the drop overload of service processing is confirmed
69  through the Hopkinson impact experiment. Then, the theoretical and simulation models of the
70  threshold-value judging mechanism are established, which the influence of the centrifugal force and
71 the parameters for the threshold-value connection units are parametric studied based on the
72 established models. Finally, the experimental results are presented, and the corresponding
73 theoretical and simulation models are verified quantitatively. The research can provide fundamental
74 knowledge for optimizing model parameters.

75 2. Design and fabrication

76 2.1. Design principles

7 The monolithic structure of silicon-based MEMS S&A device, which our term designed, is
78  shown in Figure 1. The overall size of the silicon-based MEMS S&A device is 11mmx10mmx0.5mm.
79  The MEMS S&A device is mainly used for rotating ammunition, and it is mainly divided into two
80  parts, one is the circuit control layer and the other is mechanical environment sensing layer. The
81 overall size of the circuit control layer is 11mmx10mmx0.1mm, and its function is to realize remote
82  arming and detonate booster explosive. The circuit control layer is mainly composed of a frame, an
83  electrothermal actuator component, a moving slider which is bonded to the main centrifugal slider
84  of the mechanical environment sensing layer at the bottom and a silicon semiconductor bridge is
85  used for detonating booster explosive. The overall size of the mechanical environment sensing layer
86  is 11lmmx10mmx0.4mm, it is mainly composed of a frame, a inertial safety device, a sub-centrifugal
87  slider, a main centrifugal slider, an impact release mechanism, a threshold-value judging mechanism
88  and alocking mechanism, as shown in Figure 1.

89 The design principles of silicon-based MEMS S&A device are as follows. The inertial safety
90  device and other mechanisms of the mechanical environment sensing layer cannot achieve arming
91  under the condition of extreme drop overload in service processing; under the condition of launch
92  overload (recoil overload and centrifugal force), the inertial safety device, the threshold-value
93  judging mechanism and the impact release mechanism can realize arming in this order. The arming


http://dx.doi.org/10.20944/preprints201703.0185.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2017 d0i:10.20944/preprints201703.0185.v1

30f15

94 process of the mechanical environment sensing layer is as follows. Firstly, the slider of the inertial

95  safety device under the recoil overload overcomes the elasticity of the recoil MEMS spring, next

96  slides to the bottom and is locked at the bottom by the recoil locking mechanism. Then, under the

97  centrifugal force, the connection nodes of the threshold-value judging mechanism fracture, the

98  sub-centrifugal slider move in the direction of the centrifugal force and impact the connection nodes

99 of the impact release mechanism, thus release the main centrifugal slider, At the same time, the
100  sub-centrifugal slider is limited to a predetermined position by a locking mechanism; the main
101  centrifugal slider continues to move in the direction of the centrifugal force under the centrifugal
102  force, finally, it is limited to a predetermined position by a locking mechanism. At this time, the
103  detonation transmission hole is aligned with the electric detonator and the booster pellet, the MEMS
104  S&A device is in readiness. In addition, the barycenter position of the main centrifugal slider and the
105  sub-centrifugal slider, as well as the position of rotation axis for the projectile is shown in Figure 2.
106  The maximum recoil overload, the launching overload pulse width and the maximum rotating
107  speed corresponding to different caliber ammunitions, as described in Table 1. In this study, using
108  35mm caliber ammunition as design criteria, then the overload curve of service processing and
109  launch overload curve, as Figure 2 is shown.
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110 Figure 1. (a) The designed MEMS S&A device; (b) Mechanical environment sensing layer
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111 Figure 2. (a) Barycenter position of the main centrifugal slider and the sub-centrifugal slider, as well
112 as the position of rotation axis for the projectile; (b) The overload curve of service processing and
113 luanch overload curve
114 Table 1. The launch environment of different caliber ammunitions.
Ammunition Maximum recoil Launch overload Maximum rotating
caliber (mm) overload (g) pulse width (ms) speed (r/min)
25 59734 4 82286
35 59500 4 73918
130 20000 13 10000

155 18000 15 6000
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115 2.2 Fabrication process

116 At present, the mechanical environment sensing layer has been fabricated by bulk silicon
117  processing and bonding technologies. It is mainly composed of a silicon-based mechanical
118  environment sensing layer and the BCB bonded glasses on the upper and the lower sides. Figure 3.
119  shows the micro fabrication process of the mechanical environment sensing layer. The detailed
120  processing technique of the mechanical environment sensing layer is as follows.

121 (a)Wafer preparation. Using silicon wafer as the substrate, the resistivity of the silicon wafer is
122  2~4Q.cm, and the size is 4 inches;
123 (b) Physical vapor deposition (PVD). Sputtered aluminum layer on the back
124 (c) Physical vapor deposition (PVD). Sputtered aluminum layer on the front
125 (d) Structural lithography. Graphical fabrication of the structure
126 () Aluminum corrosion. Graphical fabrication of the front aluminum layer, and the composite
127  mask is formed with the photoresist ;
128 (f) Deep reactive ion etching (DRIE). Graphical fabrication of the silicon wafer (see the Figure
129 4);
130 (g) Photoresist removal. Thoroughly clean the surface of silicon wafer by using concentrated
131  sulfuric acid and hydrogen peroxide ;
132 (h) Wafer preparation. Using glass wafer as the substrate ;
133 (i) BCB lithography. Graphical fabrication of BCB
134 (j) BCB bonding. The graphical BCB is bonded to the back of the graphical silicon wafer;
135 (k) Wafer preparation. Using glass wafer as the substrate
136 (1) BCB lithography. Graphical fabrication of BCB ;
137 (m) BCB bonding. The graphical BCB is bonded to the front of the graphical silicon wafer, then
138  the three-layer structure of glass-silicon-glass is formed
139 (n) Wafer dicing. The whole three-layer structure is divided into multiple independent units.
140
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141 Figure 3. Fabrication process of the mechanical environment sensing layer. (a) Wafer preparation; (b)
142 PVD Al 2um; (c) PVD Al 2000A;(d) Structural lithography;(e) Aluminum corrosion; (f) DRIE; (g)
143 Photoresist removal; (h) Wafer preparation; (i) BCB lithography; (j) BCB bonding; (k) Wafer

144 preparation; (1) BCB lithography; (m) BCB bonding;(n) Wafer dicing.
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145 Figure 4. Structure of the mechanical environment sensing layer before BCB bonding
146 3. Tests of mechanical properties for silicon materials
147 The tensile test of the micro sample can be carried out by the micro force tensile testing machine

148  (see Figure 5.), and then we can get the mechanical properties of silicon materials. The device is a
149  horizontal tensile testing machine, it can be used to carry out micro force tensile test for various
150  materials and devices, and the equipment is mainly composed of horizontal frame, force sensor,
151  displacement sensor, air supply component, computer control system, fixed stage and so on.

152
153 Figure 5. Schematic view of the testing equipment
154 The micro sample is mounted on the two mechanical fixtures of the loading unit. When the

155  computer sends the commands which is a specific waveform signal to the controller, the signal can
156  be transmitted to the moving end of the loading unit, and drive the moving end of the loading unit
157  to move, then mechanical test of micro specimen is carried out. In this study, the micro samples are
158  taken from the same batch of silicon wafers used in fabrication process. The cross sections of the
159  tested micro sample are 0.3x0.1mm, 0.4x0.1mm, 0.5x0.1lmm and 0.6x0.1lmm, respectively; the lengths
160  of the tested micro sample are 1.5mm and 2.4mm, respectively. The cross sections and the lengths of
161  the micro sample are freely combined, and 8 groups of tests are carried out. One of the stress-strain
162  curves of the micro sample during micro force tensile test is shown in Figure 6. Therefore, according
163  to the stress-strain curves of the micro sample, we can get the young's modulus and fracture strength
164  of the silicon. Computing the average of the 8 groups of test results, we can get the average young's
165  modulus of the silicon material is E=175GPa, and average fracture strength is o, =726Mpa.

166
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167 Figure 6. The stress-strain curve of the micro sample
168 4. Simulation, theory and experiment
169 In this paper, the threshold-value judging mechanism is taken as the research object. Based on

170  the theory analysis, simulation analysis and experimental analysis, the response characteristics and
171  the fracture mechanisms of the threshold-value judging mechanism are studied under the overload.
172 In order to improve the design efficiency and shorten the research period, the threshold-value
173  judging mechanism is simplified reasonably, according to the actual situation. The simplified
174 threshold-value judging mechanism is fabricated, its main components are the centrifugal slider,
175  threshold-value connection units and frame, as shown in Figure 7. The role of the threshold-value
176  judging mechanism is as follows. In the usual state of service processing, when the ammunition
177  accidentally falls or rolls ,the centrifugal slider can be kept in the original position because of the
178  constraint of the threshold-value connection units in the threshold judging mechanism. Thereby, it
179  can ensure the safety of the MEMS S&A device when the inertial safety device arming unexpected.
180  In the process of launching, the centrifugal slider of the threshold-value connection units leads to the
181  fracture failure under the centrifugal force, and the centrifugal slider starts to move, thereupon, it
182  can ensure the reliability of the MEMS S&A device.

183
Threshold-value connection unit
The direction of motion
Centrififgal slider e
184 Figure 7. The fabricated threshold-value judging mechanism

185  4.1. Theory analysis

186 The threshold-value judging mechanism is a symmetric structure as shown in Figure 8. When
187  the threshold-value judging mechanism is subjected to centrifugal acceleration overload, we can
188  carry out the force analysis on one side of the structure.

189 Assuming that the centrifugal acceleration overload is @, then the centrifugal force of the
190  centrifugal slider suffered is

F=ma. (1)

191 The weak link of the threshold-value judging mechanism is the threshold-value connection
192 units. Therefore, the complex stress problem of the threshold-value judging mechanism can be


http://dx.doi.org/10.20944/preprints201703.0185.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 24 March 2017 d0i:10.20944/preprints201703.0185.v1

7 of 15

193  simplified to the stress problem of the threshold-value connection units. Thereinto, the force of a
194 threshold-value connection unit suffered is

F_ ma
F=e=—. @)
2 2
195 Assuming that the size of the threshold-value connection units designed actually is shown in

196  Figure 8, the minimum cross section of the threshold-value connection unit is actually a uniform
197  beam because of the limitation of fabrication process. The stress analysis of the threshold-value
198  connection unit is shown in Figure 8.

199
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200 Figure 8. (a) The parameters of the threshold-value connection unit; (b) The parameters and the
201 stress analysis of the threshold-value connection unit.
202 Wherein, the span of the beamis L, L1 is the distance between the center of the circle arc and

203 the root of the beam, the width of the minimum section of the beam is B, the thickness of the model
204 is H, and the length of the uniform beam at the minimum section affected by the two circle arc
205 radius R1 and R2 is |.

206 It is a plane stress problem of a cantilever beam with variable cross section, according to the
207  Figure 9. Ignoring the volume force, and assuming that the width of the beam at different sections is
208 B(X), thus the differential equation of the stress component of the threshold-value connection unit

209  isas follows.

oo, N 0T, 0

ox oy

0 0

ﬂ+i:0 . )

oy  OXx

0* 0
(y+§j(ax +0'y): 0

210 The boundary conditions are as follows.
x=0:u=0,v=0
B(x)
x:l:aX:O,'[BZ(ZX)erdyzg, 4)
1
y:J_rEB(x):ay =0,7,,=0

211 We can get the Eq.5 by the Eq.3 and theEq.4.
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F(L-x)
TR
z
o,=0 ) (5)
F(B*(x) ..
Txy =\ y
41,0 4
212 Wherein |, isthe moment of inertia of the threshold-value connection unit. Because the cross
213 section is rectangular, we can get the formula as follows.
| HB(x) ©
’ 12
214 By designing, the threshold-value judging mechanism is a symmetric structure and the

215  centrifugal slider suffers almost all of the force. Moreover, the span of the centrifugal slider is much
216  larger than the span of the threshold-value connection unit, therefore, the shear stress of the beam
217  with variable cross section plays a leading role.

2
T, = 4%(87(")— yzj. @
218 We can get the Eq.8 by takingEq.6 into Eq.7.
3 [BZ(X)_YZJ ©
Y4B (x)( 4 '
219 If we want to explore the weak point of the variable cross-section beam, it needs to get the

220  maximum value of 7, - Because X and Y are the independent unknowns, when Yy = 0, we can

221  take the maximum value of Ty

;= SF o
Y~ 4HB(x)’ )
222 Therefore, we can take the maximum value of 7, as long as the B(X) takes the minimum
223  value for this variable cross-section beam.
224 Therefore, the maximum shear stress is as follows.
;o 3ma (10)
Y 4HB
225 Furthermore, the minimum cross section of the threshold-value connection unit is actually a

226  uniform beam with width of B and length of 1 because of the limitation of fabrication process.
227  According to the knowledge of mechanics of materials, the bending stress of the threshold-value
228  connection unit is mainly suffered by the uniform beam. In addition, the width of the uniform beam
229 is much less than the width of the other beam in the threshold-value connection unit, so the force
230  analysis of the uniform beam can be simplified to the force analysis of the cantilever beam, as shown
231  inFigure9.
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232 Figure 9. Mechanics analysis of the uniform beam.
233 The stress analysis of the cantilever beam is almost the same as that of the variable cross-section

234 beam, we won't explore it here. The expression of the bending stress of the uniform beam is as
235  follows.

o - 3mal an
* HB®
236 As is stated above, the average fracture strength of the silicon material is 0, = 726MPa. Thus,

237  we can obtain the expression of the maximum resultant stress for the minimum cross section by

238  combining 7, and 0, , and the expression of the resultant stress is shown in Eq.12.

G, =40y + 7, = 126MPa . (12)

239 According to the design, L=0.13mm=13x10"m B =0.015mm=15x10"m ,
240 H=04mm=4x10"m , 1=0.013mm=1.3x10"m , the centrifugal slider mass
241 m=5.2x10"Kg . Thus, we can get the below result.

a=2.9162x10°m/s’. (13)
242 Therefore, when the threshold-value judging mechanism is subjected to the acceleration
243  overload of 29162g, the weak links of the threshold-value connection units occur fracture failure.
244 In addition, the distance between the barycenter of the sub-centrifugal slider and the rotation

245 axis of the projectile is ' =6MmM, as can be seen in Figure 2. When the rotation angular velocity of
246  the projectile is @, the centrifugal acceleration of the centrifugal slider @, can be calculated by the
247  following formula.

2

a,=ro’. (13)

248 It is known that the maximum rotating speed of the projectile is 73918r/min, then from above
249  formula we can obtain that the maximum centrifugal acceleration of the centrifugal slider is
250  aj™=359508m/s’.

251 Through above analysis and discussion, we can get the result of @5 >a, so in theory, the

252 threshold-value judging mechanism which our term designed can realize reliable arming under the
253  centrifugal overload of the 35mm caliber launching ammunition.

254 4.1. Experimental and simulation analysis

255 The experiment schemes are mainly to achieve the dynamic response characteristics of the
256  threshold-value judging mechanism under the drop overload of service processing and the
257  centrifugal overload of the launching ammunition, as shown in Table 2.
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258 Table 2. The experiment schemes and the verification contents.
Experiment schemes Verification contents
Hopkinson impact Fracture performance of the threshold-value judging
experiment mechanism under the drop overload
High speed centrifugal Fracture performance of the threshold-value judging
experiment mechanism under the centrifugal overload
259
260 According to the characteristics of small size and light weight of the MEMS S&A device, our

261  term has designed and built a set of magnetic resistance Hopkinson impact system which has the
262  advantage of adjustable threshold-value, good repeatability and high precision (see Figure 10). The
263  system generates the overload by using the electromagnetic emission device which launches bullet
264  to impact the compressed bar, the impact overload can be up to 45000g, and the experiment
265  frequency is several minutes each time. In addition, in order to meet the requirements of fast
266  experiment of MEMS S&A device, we designed the installation and fixing mechanism of the micro
267  sample according to the content of this experiment, as shown in Figure 11.

268 The working principle of the magnetic resistance Hopkinson impact system is as follows.
269  According to the required overload value, the corresponding charge is added to the electrolytic
270  capacitor, and then connect the electrolytic capacitor to the electromagnetic coil. When the control
271  circuit is identified as a working state, the electrolytic capacitor is instantly discharged to generate a
272 strong current flowing through the electromagnetic coil. A strong magnetic field which is parallel to
273 the coil is generated in the electromagnetic coil, at the same time, the bullet in the electromagnetic
274  emission device is magnetized and then the bullet is ejected. When the bullet is flying out of the
275 electromagnetic emission device, the bullet drives the photoelectric switch to disconnect
276  electromagnetic coil, and finally the bullet impacts the compressed bar which is equipped with
277  micro sample and acceleration sensor.

278

e = 7 = Fixed position of
Transmitting controller | Charge-amplifier 9L micro sample
emission device

Acceleration sensor

panel circuit

279 Figure 10. The composition of the magnetic resistance Hopkinson impact system.
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Installation and
Fixingmechanism
280 Figure 11. The installation and fixing mechanism of the micro sample.
281 As can be seen from Figure 2, the overload peak is 12000g for the drop overload. The impact

282  experiment is carried out on the threshold-value judging mechanism by using the magnetic
283  resistance Hopkinson impact system as shown in Figure 11. In addition, in order to demonstrate
284  whether the design safety margin of the threshold-value judging mechanism is sufficient, the
285  overload peak set between 12000g and 21000g. The motion direction of centrifugal slider under the
286  impact acceleration is shown in Figure 7, and the experiment results are shown in table 3.

287 Table 3. The Hopkinson impact experiment results.
Charging Acceleration Pulse Fracture
Number . -
voltage (V) Peak value (g) width (us) situation
1 72 (Single-stage) 14113 50 NO
2 82 (Single-stage) 16155 50 NO
3 91 (Single-stage) 18231 50 NO
4 99 (Single-stage) 20526 50 NO
288 From the above table, we can see that the threshold-value judging mechanism cannot occur

289 fracture failure when the acceleration peak value is 20526g. Because of the overload peak is 12000g
290  for the drop overload, the designed threshold-value judging mechanism can meet the design
291  requirements of MEMS S&A device and has sufficient design safety margin.

292 In the case of the threshold-value judging mechanism under the centrifugal overload of the
293  launching ammunition, centrifugal experiments are carried out by using a centrifugal tooling as
294 shown in Fig 12. The maximum rotating speed of the centrifuge is 20000r/min, and the eccentricity of
295  the micro sample is 100. Thus, the maximum centrifugal overload of micro sample is up to 43865g.
296  We carried out the parameter design of the threshold-value connection units, and the fabricated
297  threshold-value judging mechanism as shown in Figure 13. We take the centrifugal acceleration of
298  10000g as the initial value and 1000g as step length, and explored the fatigue limit for fracture of the
299  threshold-value connection units as shown in Table 4.

Centrifugal -m Micro
experiment y =
platform

Centrifugal
tooling

and fixing
mechanism

300 Figure 12. Centrifugal experiment platform and centrifugal tooling.
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301 The finite element models (see Figure 13) are established by using HyperMesh for the
302  parameterized threshold-value connection units as shown in Table 4. At the same time, according to
303  the theoretical analysis results, we take the centrifugal acceleration of 29000g as the initial value and
304  100g as step length, explore the fatigue limit for fracture of the threshold-value connection units as
305  shown in Table 4.
306 Through theoretical analysis, simulation analysis and experimental study, we can get the
307  results as shown in Table 4 and Figure 14.
(@) (b)
308 Figure 13. (a) Principle prototypes of threshold-value judging mechanism; (b) Finite element models
309 of threshold-value judging mechanism.
310 Table 4. The key parameter values of different threshold-value connection units and the
311 corresponding g values of arming for the threshold-value judging mechanism
The key parameter The g value of arming for the threshold-value judging mechanism
Number value (um) Experimental results Theoretical ~ Simulation
R1 R2 B L1 Groupl Group2 Group3 Average results results
a) 425 425 15 65  32000g  30000g  34000g  32000g 29162¢g 28200g
b1) 40 425 15 65  31000g  35000g  33000g  33000g 30833g 29100g
b2) 35 425 15 65 35000  39000g  37000g  37000g 34800g 33000g
b3) 45 425 15 65  30000g  31000g  35000g  32000g 29162¢g 28100g
b4) 50 425 15 65  31000g  30000g  32000g  31000g 29162¢g 28000g
cl) 425 40 15 65  34000g  32000g  31000g  32333g 30833g 29100g
c2) 425 35 15 65  38000g  34000g  36000g  36000g 34800g 33000g
c3) 425 45 15 65  29000g  33000g  31000g  31000g 29162¢g 28100g
c4) 425 50 15 65  30000g  28000g  35000g  31000g 29162¢g 28000g
d1) 425 425 13 65  27000g  23000g  25000g  25000g 22116g 21100g
d2) 425 425 12 65 20000g  21000g  22000g  21000g 18927g 18000g
d3) 425 425 16 65  37000g  35000g  36000g  36000g 33005g 31600g
d4) 425 425 17 65  38000g  41000g  42000g  40333g 37054¢g 35400g
el) 425 425 15 60  34000g  33000g  32000g  33000g 29162¢g 28300g
e2) 425 425 15 55 33000g  33000g  34000g  33333g 29162¢g 28500g
e3) 425 425 15 70 31000g  30000g  32000g  31000g 29162¢g 28000g

ed) 425 425 15 75 30000g  31000g  30000g  30333g 29162¢g 27800g
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312 Figure 14. The g values of arming forparameterized threshold-value judging mechanism.
313 According to Table 4 and Figure 14, the conclusions we obtained is as follows.
314 (1) Through the results of theory, simulation and experiment, we can know that the fracture

315  threshold-value of the threshold-value judging mechanism is 29162g, 28200g and 32000g,
316  respectively, all of which are much less than 35951g of the design principle. The threshold-value
317  judging mechanism meets design requirements of MEMS S&A device.

318 (2) In the same fabrication batch and same design parameters of the threshold-value judging
319  mechanism, there is a larger discreteness in the g values of arming. this conclusion illustrates that the
320  certain discreteness exists in the mechanical properties of silicon material. Therefore, the certain
321  discreteness should be taken into account at the design process.

322 (3) The study shows the theoretical results are higher than the simulation results. The reason is
323  the effect on the structural strength from the structure parameters, such as L1, is ignored and the
324 theoretical calculation is static method.

325 (4) The average experimental results in the study are higher than the theoretical results. This
326  situation is caused by the friction and gas damping existed in micro samples.
327 (5) The theoretical results, the simulation results and the experimental results have a high

328  consistency. The conclusion illustrate we can carry out initial optimization design through the
329  theoretical method.

330 5. Conclusions

331 According to a MEMS S&A device designed by our term, this paper introduces its design
332  principle and fabrication process. At the same time, we also illustrate the design requirements of
333  modules in MEMS S&A device. Taking the threshold-value judging mechanism as the study object,
334  this paper aims to verify the feasibility of the designed threshold-value judging mechanism in
335 MEMS S&A device. The simplified threshold-value judging mechanism is fabricated and the
336  mechanical properties of silicon materials are tested. From the tensile tests, we obtain that the
337  average fracture strength and Young's modulus of silicon are 726Mpa and 175GPa,
338  respectively.Through using the theoretical method, simulation method and experimental method to
339  study the the fracture mechanism of the threshold-value judging mechanism under the drop
340  overload of service processing and the centrifugal overload of the launching ammunition. From
341  Hopkinson impact experiment, we can get that the threshold-value judging mechanism is safety
342  under the impact overload of 20526g, this value is much more than the standard of the drop
343  overload 12000g; the arming value under the centrifugal overload obtained from theory, simulation
344  and experiment is at the range of 28200g and 32000g, it shows that the threshold-value judging
345  mechanism can be arming compared with the value 35951g of design principle. Therefore, it can
346  confirm the threshold-value judging mechanism meets design requirements. The relationship of
347  fracture threshold-values obtained by different methods is found out through parametric design
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348  method, as shown in Figure 14, the research can provide fundamental knowledge for optimizing
349  model parameters.
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