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Abstract

One of the important functions of tooth is to provide force for food
chewing. The quantified force information in human occlusion or mastication
was incompletely recorded in past study, especially concerning how these
forces are distributed on the dental crown. From a biomechanical point of
view, the distribution of the occlusal force is not less important than the force
magnitude for estimating most dental treatments such as crown or post
restoration in a long term success. Therefore, the main purpose of this study is
to justify the feasibility of using multilayer ceramic capacitor (MLCC) act as
a force sensor, as well as to calibrate the accuracy of using the MLCC as a
sensor array to measure the occlusal force.

The result reveals that the relationship in piezoelectric charge versus
loading force of a single MLCC shows high linearity (R°=0.998), and it
possesses the capacity to withstand 450N normal force. This suggested that
strength of a single MLCC can survive from bite force. In sensor array
calibrating, although the result of force distribution depends on the varied
height of each MLCCs, the total force measured by this homemade sensor

array can effectively report the MTS applied total force (error < 6%). Putting

il



the sensor array under the crown surface, this array also provides high
accuracy response (error < 2%). To conclude, the MLCC is an acceptable

force sensor component and is possible for bite force measurement.

Keywords:  Bite  force, = Multilayer  ceramic  capacitor(MLCC),

Micro-Electro-Mechanical Systems(MEMS), Sensor array
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4 TR § & PCMCIA + -
FH#FEE X InstruNET-100HC

PCMCIAcard: InstruNET-230

B 2-7 7R % 4% instruNET A 4822 &7 & R

File Edit Wiew Record Setup Hardware Script Help

| Start || Stop || Open || Save || Setup
e A e ZERaT 1] ﬂ

Chl ¥in+

-2.573853

Chd Yin+

2 4 B 8BS
4 _’l Scale: I.i\uto viﬂ
BT, Record Test < secnpt

B 2-8 F,ﬁ;}i‘g ﬁ:ﬁ"ﬁ instruNET #c#%8 4 &
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2.2 #cis % 8 (MEMS)

+ 5 MLCC ' d #5244 [ * 2mm> P 4 a? AT G lem’
e H g e 3x3 AR RIE o FI T G NS T ARK T Rk
v e AR iy T WA T 33 AN TR 0 Y T B
d BT~ MLCC #r& 2 2. T 5L 0 FP 4 O35 5 = 5 i 4% Slot (dE

o Pk 5 it connector e sk 2 W P Bkdk 0T o
221 AT B TR

-~ F*® “ﬁ”ﬁ PI %2_4% ;5 THKS050513(5] 2-9), TAIFLEX, Taiwan
= o~ #B4F 54 E Y Imole JE B 2 ﬁ%‘ﬁ‘&“ Fa % e § 1k (B 2-10)

v R S G 4o B a5 R4 (spin)t AZ Sk e () 2-11)

It

s i {7 40 (soft bake)te # I 100°C 0 3 4 4t 3 % 5 Ak A () 2-12)

J=q

ORIt FERE S NARERBELEFRE
(exposure)( ] 2-13)

- o~ % AZ400K F 2 A iE 7 & R (development) (8] 2-14)

=~ B4 538 (74 % (hard bake) 0 4r# D 150°C 0 10 A 4504 38 1 B R

1+ (R 2-15)

Ao~ i g Y AR (FeCly) ¥4 638 7 /84 %] (wet etching)( ] 2-16)
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Bl 2-10 4F §5(THKS050513) W 2-9 fpFifLd A F g

B 2-14 % B 2-13 B ¥
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Bl 2-16 A *3 Bl 2-15 ;R4 %]
AR S TV 2 AN HETIE . THRAE A 93.2mm

% R 13.3mm(B 2-17) -

Bl 2-173x3 "L 5|3V 4§45 7 1=
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222 LH R By T

Bt TR 2 2 4k $h2 i@ 4 slot 23 2 MLCC 22 % chi = U pp g
FoL R IEER LG Bk 2T U G A RA fREA @
B2 g iheniRd koo

1 Z hiE R e % ¥ (Z-Axis electrically conductive tape 9703, 3M,
USA)RE 3 4 6" 5 e 0 1% 5 4F 55254 82 MLCC e 57 3¢ o

B fs B RR R R 2 MLCC 2 B »0 4 5 » T 2 i 7| 3V R

TRORIE > B T2 AR o

Illl
I

H

[ 7N ST e R R S|
[ U T U el i e S S
[/ TEF/E T R S
[ /7 Ay %, W e T T ST S B
[ S 77 LT VR el el SR £ S
[ L2 77 Fry F WA G g ST SIS S
70 ST N B gy TR Y SR
ER N R TR Sl 7 S |
7 e G T XV y. L4 MG T
Py B L1 a)rw B0 L 1 1015, = XiEw i |
(g7 Ad oF &7 L' &Y £V S W & LW LSO W) |

. @
\. 3

B 2-18 3x3 s 51 ;% R jp| %@lf’?‘}ﬁﬁ
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HEMES L BT AL IR T A2 T 4
T2 d BNC 5 2 F #hi 18 4 7| Charge Meter SO15A 2_ 31 585
IS f#’q ’ I’: 12 InstruNET [ B:"’:“a 45 Charge Meter t’l-i—}—g‘i & [i%\% %fl_;-"’( z

MTS #j  2 Ap v LRUEL > L TR % a5 ™ 727 e TSR

B HT R o

Portable PC
Charge Meter

5015A

instruNET
Data-Logger

Bl 2-19 &P ,;l"i o
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232 H3f MLCC # £33 &

H3§ MLCC 2 BT HBER - RIS X3 k18455 5

i 2 B 2 3Ned 82 8 ¥ MLCC 2 terminal end 8 % 7 4F &% 1& 1F

=
(@

LT @ BT F MTS §41%% g MLCC A 2 %752 B T U5
@iE 3 Charge Metero H ¢ G 88 B ip|=3 07 o d S ReEg et F 4 46
H o FE Y MLCC £/ 42,2 2t » EREP] AL R L 7

Sohd o BEBATHAT o Tr 85N R4 EaBiER T

MTS

Force
@ loading

| Data-logger |

RN

Computer

B 2-20 MLCC 7 #2558 8>
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2.3.3 73\ ),:g\; B $ £p2 N

WIEL VR R Ew FALERTL R R ~22 MLCC 5 A g )
BohLE 3 RAETADX2ZMLCC /| XAPES ELHLAR X X270 o
% MLCC 2 P THET & £E %4 2 p 2 4fc> 58 > m P e A £
AR BRI RCESRD AT Eed LR 8 o Ay % 7| Charge Meter
S5015A W & p[H - A2 U] > FIR F EAFARR E 2 TR g B
2 dp BER BB T LA by 4k e SN(R] 2-22) 0 BhUREEE~F - 3 MLCC 2

BOP2UE o At > d 3t MLCC 2 R Bl3 ¢ w4 & 5 = I iE % 2 p|28
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No.1 No.3

No.2 No.4

B 2-21 MLCC *t L7 F 2. %2 jp i+

Switch

Sensor Array

{
|

H

QL

BNC Connecto Slot

B 2-22 p WARE7#%E

Fl 2-23 MTS /& 57 § B3 % L 7 & 7] B (CCD # 1§
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EA o Bk T Fis2 T KT 20 5 AR Rk b 3x3 WS4

Tt T H Vi (7 E 3 MLCC %174 TR BRI E KD o 2 (487

YE) W

%Eé;,ﬁ—]»%"&ﬁ_}lji\}a/?q% Pl ¥ — ;F,:g, g 3 e iF i MTS %5 4e é ?\;}5‘

e 4 BIED T kT B B AP T L MLCC 5T R B

B4 & ek FA5(8 2-24) -

e
\wb

Bl 224 LA R BIET FT ERIE T4
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%3 %

3t

s

31 H3f MLCC RZ #{+

N

2

72

311 4+ £ i® ﬁ@@ﬁlﬂm&é

Bod gl MTS % 4 2 =2 5% 5 i5 % & § f 30 MLCC
(080SF105Z500CT) » # % = 3 5 H fs8 (1t 4 = % & N TiEG £2 ) K
315 f 4% 1 & MLCC R iR 2 B e B # oo x (5% f 45 150N »

F@ LA EF L 20N/ o

40000

y=247.0x

/ R?=0.998
0000 //

25000 /

20000

15000
10000 '/
5000 /
0 . . . . . . . . . .

] 20 40 50 80 100 120 140 150 180 200
Force (N)

35000

Charge [pC])

N

B 3-1MTS *# 2 MLCC = jmds d 2. B 1
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312 MLCC B3k 5% B
B4THI MTS 5% # f f §2 MLCC(0805F105Z500CT) % #k3% é77
LR MLCC 2 g2 ey 12 i 2 Hoorig kst 2 12 % 4

H % 4c@ 3-2 97 o

25007

y=54731x /
RZ=0.9976
15000 P,

- am e nm A e
100 200 300 400 500 500

Force (N)

B 3-2 MLCC(0805F105Z500CT)#k 3k 5 & 5 H sk w 7 /?5@?] nHES "

H 37 MLCC #rae AR 2 i8% 4 3:E 450N 1+ » ptag B R KX &

Z0E% 48 A TNTFIRPI AR REEREKEL E o
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313 F#HE MLCC2Z RT &5TR

¥ f FE S 100N £ ] F )55 MLCC(0805F105Z500CT)2 F

El
£
=
Ik

B4 g B 2% 4B 3-3 S o

B 3-3 A% MLCC 2 B3 &5

50 3¢ MLCC e+ T iadig I E 7 > %% No.50 22 MLCC £ 3 £ *

& 34150pC 1% Fdi 41 R > %% No.14 @4 1420pC e oty 21 & o 48

T35 5 10693.9pC @ % 1 5 7111.5pC -
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]

314 * % 4 ik F¥ MLCC “,4;@?1 12_ B AR

g tdp e (FF f 45 100N BF 0 7 o5 4 i 5 20N/s & 100N/
# MLCC(0805F105Z500CT) % j iy 1 £ 2 B 3 (% 3-1 & 3-2)= £ if] MLCC

£4 52 (%% Nol I No5)» £pl=#kcs 3=

4 3-1 % 4 i % 20N/s >+ 100N B?iiiﬁﬁs?]:'ifé

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 4618 4560 4580] 4586.00 24.06 0.52%
No.2 13170 12900 12440( 12836.67 | 301.37 2.35%
No.3 7160 7020 7010 7063.33 68.48 0.97%
No.4 3570 3660 3660 3630.00 42.43 1.17%
No.5 2890 2930 29701 2930.00 32.66 1.11%

4. 3-2 % 4 iF % [00N/s >+ 100N El?i?ﬁﬁ%]:".fé

MLCC No. 1st 2nd 3rd AVG S.D CV

No.1 4515 4504 4860| 4626.33 | 165.29 3.57%
No.2 13130 13280 13270]13226.67 68.48 0.52%
No.3 7340 7320 7370 7343.33 20.55 0.28%
No.4 3630 3820 3810 3753.33 87.31 2.33%

NO0.5 3070 3100 3080 3083.33 12.47 0.40%
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"@ % Ifi/?

Wa

315 MLCC % F &

FHMLCC = B 6 i 4 ) BT & ACR %7 f £ 5 100N

A4 F2ON/Gs R ARG X4 MLCC2Z T e & -

(b)

- -
L A\

Bl 3-4(@%4 22 p THRTEOD)%S 22 THREE(OF =
}'\ %‘;"Ei ’3’5 4
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I.  MLCC = :p|3] %5 0805F105Z500CT » £ A % 9 ‘(%% No.l %
No.9)» £4F £iplZ#ci 3=k =3 5 X 4 18 MLCC % /78 i
% (pC)7F ¥t % 3-3~3-4 % 3-5 %157 o
3-3 M(a)™ 3% 4 2 T R (0805)

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 3800 3710 3800 3770.00 42.43 1.13%
No.2 1610 1610 1520 1580.00 42.43 2.69%
No.3 4520 4920 4600 4680.00 172.82 3.69%
No.4 856 932 843 876.87 39.63 4.52%
No.5 5670 5800 5790 5753.33 59.07 1.03%
No.6 1390 1270 1300 1320.00 50.99 3.86%
No.7 1100 950 1100 1050.00 70.71 6.73%
No.8 1850 1930 1910 1896.67 33.99 1.79%
No.9 2530 1830 1960 2106.67 | 304.01 14.43%
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A 34 ri(b) 50 4 2 TR 01 (0805)

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 13500 13470 12770 | 13246.67 | 337.28 2.55%
No.2 3620 3720 3860 3733.33 98.43 2.64%
No.3 14190 14280 14060 | 14176.67 90.31 0.64%
No.4 4490 4590 4490 4523.33 47.14 1.04%
No.5 16520 16690 16090 | 16433.33 | 252.50 1.54%
No.6 3100 3270 3100 3156.67 80.14 2.54%
No.7 4450 4470 4570 4496.67 52.49 1.17%
No.8 2990 2980 2650 2873.33 157.97 5.50%
No.9 6860 7320 7170 7116.67 191.54 2.69%

£ 3-512(0)% 4% 4 2§ 2 (0805)

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 9560 9330 9240 9376.67 134.74 1.44%
No.2 5510 5380 5260 5383.33 102.09 1.90%
No.3 9980 10150 10110 | 10080.00 72.57 0.72%
No.4 1950 2000 2090 2013.33 57.93 2.88%
No.5 14230 13930 14240 | 14133.33 | 143.84 1.02%
No.6 3110 3170 3260 3180.00 61.64 1.94%
No.7 2110 1940 1940 1996.67 80.14 4.01%
No.8 1970 1920 2120 2003.33 84.98 4.24%
No.9 5810 5830 5980 5873.33 75.87 1.29%

34




. MLCC % #%]55 0603F105Z500CT » £ A % 10 2 (%% No.l 3
No.10)» £47 Bipl%c#ici 3% =3 6 £ 4 5 MLCC % #8112

&% (pC)7F *t % 3-6 ~ 3-7 ~ 3-8 #f77 o

% 3-6 M(a)> X 4 2 ;":Eﬁ%l 41 (0603)

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 7280 7340 7390 7336.67 44.97 0.61%
No.2 4770 4850 4950 4856.67 73.64 1.52%
No.3 5860 5930 6090 5960.00 96.26 1.62%
No.4 2400 2630 2580 2536.67 98.77 3.89%
No.5 4740 4710 4660 4703.33 33.00 0.70%
No.6 6750 7100 6980 6943.33 145.22 2.09%
No.7 7220 7210 7160 7196.67 26.25 0.36%
No.8 5530 5760 5950 5746.67 171.72 2.99%
No.9 5500 5350 5650 5500.00 122.47 2.23%
No.10 9880 10130 10360 | 10123.33 | 196.02 1.94%

%37 v(b) % 4 2 T £ (0603)

MLCC No. 1st 2nd 3rd AVG S.D CV
No.1 19260 19690 20510 | 19820.00 | 518.52 2.62%
No.2 13300 13330 13650 | 13426.67 | 158.39 1.18%
No.3 16770 17040 16900 | 16903.33 | 110.25 0.65%
No.4 6980 6960 7090 7010.00 57.15 0.82%
No.5 12340 12030 12370 | 12246.67 | 153.70 1.25%
No.6 19170 19050 19620 | 19280.00 | 245.36 1.27%
No.7 19670 20080 19830 | 19860.00 | 168.72 0.85%
No.8 16930 17110 17150 | 17063.33 95.68 0.56%
No.9 15500 15940 15990 | 15810.00 | 220.15 1.39%
No.10 27660 27620 27620 | 27633.33 18.86 0.07%
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% 3-8 11(c)F x4 2 ;‘iiﬁ%}ﬂ:  (0603)

MLCC No. |  1st 2nd 3rd AVG S.D (oA,
No.1 14390 | 13850 | 13720 | 13986.67 | 290.10 | 2.07%
No.2 9180 9710 9680 | 9523.33 | 243.08 | 2.55%
No.3 12270 | 12390 | 12290 | 12316.67 | 52.49 | 0.43%
No.4 3520 3630 3180 | 344333 | 191.54 | 5.56%
No.5 8600 9010 9360 | 8990.00 | 310.59 | 3.45%
No.6 13250 | 14040 | 13990 | 13760.00 | 361.20 | 2.63%
No.7 13530 | 14690 | 14850 | 14356.67 | 588.18 | 4.10%
No.8 12030 | 12310 | 12590 | 12310.00 | 228.62 | 1.86%
No.9 11980 | 12120 | 11870 | 11990.00 | 102.31 | 0.85%
No.10 18090 | 18460 | 18620 | 18390.00 | 221.96 | 1.21%
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316 * FAI5. MLCC 2Z BT &3t

W2 A2 MLCC feple i£% 4 200N FF 3 ?‘?ﬁs?]:".iﬁx'" B

TL20N/s 2.5+ @ FEAF TR 3= BF 24 3-9-3-10 2 3-11 -

. £ &:2+0.15mm
% A :1.25+0.10mm
T % ®:4.7pF

< B MLCC g #c: 9(%: % No.1 2 No.9)

% 3-9 MLCCO0805-4.7pF % # 200N pF2_ 7 j Tz?ﬁ-%] g

MLCC No. 1st 2nd 3rd AVG SD CV
No.1 33020 32610 32520 32716.67 217.61 0.67%
No.2 13030 13140 13130 13100.00 49.67 0.38%
No.3 33040 33050 33330 33140.00 134.41 0.41%
No.4 28880 28840 29170 28963.33 147.04 0.51%
No.5 4014 3837 4061 3970.67 96.44 2.43%
No.6 45400 45280 45250 45310.00 04.81 0.14%
No.7 26710 27320 27130 27053.33 254.86 0.94%
No.8 7190 T475 7560 7408.33 158.24 2.14%
No.9 36250 36490 36420 36386.67 100.77 0.28%

%% No.6 2 MLCC £ 7§ b enTjaiy i £ » 39 3 45310pC
No.5 § & hiLjF s 11 £ 3970.67pC & & § et 2 R R (:42.43%
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II. & &:240.15mm

% & :1.25+0.10mm

=

w Bl

UF

% B MLCC 3g #c: 9(% % No.11 I No.19)

# 3-10 MLCCO0805-1 u F = # 200N pF 2 ?Eﬁ?’] I

38

MLCC No. 1st 2nd 3rd AVG S.D CV
No.ll | 33340 [ 33660 | 34230 | 3374333 | 36809 1.09%
No.12 | 24200 | 24180 | 24330 | 2423667 | 6650 0.27%
No.13 | 29480 [ 29750 | 29770 | 29666.67 | 1325 0.45%
No.l4 | 4005 | 4083 | 4052 | 404667 | 3207 0.79%
No.l5 | 22330 | 22300 | 22040 | 2222333 | 13021 0.59%
No.16 | 32990 | 32600 | 32850 | 3281333 | 1613l 0.49%
No.l7 | 32540 | 32650 | 32300 | 3249667 | 14614 | 045%
No.18 | 10600 | 10660 | 10630 | 10630.00 | 2449 0.23%
No.19 | 10250 | 10050 | 10400 | 1023333 | 14337 1.40%

No.l1 MLCC & #. % & ## #1 i » % #2906 5 33743.33pC > No.14 £ §

BT T 5 4046, 67pC o No. 19 F B % B i 1. 40% -




. & &:1.6£0.10mm

®w:1uF

=
¥

52 3] MLCC #f #c:10(%%. No.1 % No.10)

# 3-11 MLCCO0603-1 £ F % 4 200N B*i?ﬁﬁ%lﬂifé

MLCC No. 1st 2nd 3rd AVG SD CV
No.1 20760 20700 20700 20720.00 28.28 0.14%
No.2 9340 9330 9190 9286.67 068.48 0.74%
No.3 23680 23010 22590 23093.33 448.88 1.94%
No.4 49540 49400 48980 49306.67 237.95 0.48%
No.5 46400 46000 46080 46160.00 172.82 0.37%
No.6 25840 25420 25460 2537838 189.27 0.74%
No.7 9920 9664 9750 9778.00 106.37 1.09%
No.8 17130 17240 17220 17196.67 47.84 0.28%
No.9 13400 13160 13170 13243.33 110.86 0.84%

No.10 5120 5090 4824 5011.33 133.03 2.65%
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Charge (pC)

50000

45000
40000

35000

30000

25000
20000 -
15000 -
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5000 +
. i B
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® 3-7MLCCO603-1 4 F % 4 200N pF 2 & fr iy 11 £
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3.1.7 MLCC *+¥5%k § 4RI
oAl MTS 1% & i 955 f §*3 MLCC » %X =7 Smm/min 2. ¥ i# %
PEEAEPSIO0NERT 1§ FHUFERFTET ON €455 B

B BREES 1§) o %% 4oF 3-8 577 o

N T b
g o5 I f i \ ——MTS force
gﬂ 0.6 ! I — Charge output
; - o

. | e
N N \
1 301 601 901 1201 1501 1801 2101
Time (10ms)

Bl 3-8 % % & MTS % %c 7% f §$2 MLCC i 12 0 315

F 3-12 &R i\?B,i*’MTS % 4 2 MLCC %”,Eﬁﬁl CHESS "SR

Cycle No.| MTS Force Peak (V)| Charge Meter Peak (V) [ Force/Charge Ratio
#1 1.218 0.4398 2.7694
#2 1.207 0.4311 2.7998
#3 1.205 0.4291 2.8082
#4 1.210 0.4372 2.7676
#5 1.203 0.4273 2.8154
Average 1.2086 0.4329 2.7921
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5 A%k MTS #0351 dh 4 £ 8 MLCC i 1 /7 2 v+ 0T 328

227921 > &# X % 0.01986 > 8 G#Hci: 0.7114% -

3.1.8 MLCC *+ & p¥ & §& 2 |3 p) 3

TR MLCC T irta l ¢"EPFA A2 $B > FIN R TR IFEEL £

] o % il MLCC 43 10 (%% No.1 I No.10) » b= MTS #j » f ¢

% 150kef -
30000
=®—No.1
25000 {— e ___ : ——— " —8-No.
) o —4—No.3
2 20000
=>&=No.4
N
S, 15000 =¥=No.5
S =0=No.6
@ — '
£ 10000 -—Lf—'*=4i—_§\=\_/=_-——l—No.7
© No.8
5000 | S0 —No.
No.9
T T VAR, e i X
0 T T T T T T T |¢ NOIO

original ~ 3hrs 6hrs 12hrs ~ 3days  9days  15days 30days
Time

B 3-9 MLCC ** & pF & %”@Qﬁ_iﬁ'ﬁﬁ?ﬁﬁﬁ] ez 5%
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3.2 (LA NR A B~ i PR

3.2.1 2x2 N R R Bip[EE %

3.2.1.1 ¥3f MLCC B T thlick 1

B 1% 2x2 WA R R 2 0 L4 ¥ 3 MLCC(No.1 2 No.4d)it {7 £ 4

LA R o Bk Ao 3-10 H1F
No.1
6000
5000 y="73.374x .

R2=0.9918
4000 /
3000 /
2000

1000 ’/

Charge (pC)

0 10 20 30 40 50 60 70 80
Force (N)

Bl 3-102x2 5] % B R B 2 B %7 MLCC & 7 4 #cte & (No.1)
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Charge (pC)
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No.2

y = 48.923x

R*=0.9967

10 20 30 40 50 60 70 80
Force (N)

Bl 3-112x2 £ 5) 58 g ip B2 8 3§ MLCC B T 4 itz i (No.2)

Charge (pC)
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1000

No.3
y=28.857x
R2=10.9968
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Force (N)

Bl 3-122x2 5] X BRI R 2 8 3f MLCC B § 4 #icte & (No.3)
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Charge (pC)
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1000

No.4

y=21.846x
R>=0.9155
0 10 20 30 40 50 60 70 80

Force (N)

Bl 3-132x2 5] X Rl B 2 8 3§ MLCC B 3 4 #icte & (No.4)
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3.2.1.2

2x2 3| I B2
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Z 3-14122x2 "7V R op| B it 2 5
Measured Measured Measured
MLCC No. MTS Force (V) MTS Force (N)
Charge (V) Force(V) Force (N)
No.1 0.1311 0.2761 1.0141 27.61 101.41
No.2 0.0908 0.1685 1.0260 16.85 102.60
No.3 0.1305 0.3883 1.0115 38.83 101.15
No.4 0.1073 0.1637 1.0080 16.37 100.80
SUM =0.9966 | AVG =1.0149 | SUM =99.66 | AVG =101.49
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3.222 3x3 M| BB

MTS % @_preload % 100N 12 & i 20N/s > 4c 4 & F 2 3 % & 5 300N -

9 i channel én iy &1 B % ok 3-15> o e W s ER R

» 197.05: @ MTS % 4 ' ig 22 preload £ 3 209.31> % ¥ 54 & 5 5.86% -

+
T~

MLCC. | Measured Measured Measured MTS Force | MTS Force
No. Charge (V) Force (V) Force (N) Outset (N) Peak (N)
No.1 0.2543 0.1184 11.84 96.86 303.78
No.2 0.5110 0.2626 26.26 99.16 306.30
No.3 0.0976 0.1130 11.30 95.50 306.80
No.4 0.2512 0.2457 24.57 95.03 306.41
No.5 0.2683 0.1538 15.38 97.94 304.00
No.6 0.3463 0.3320 33.20 94.02 305.52
No.7 0.1315 0.3050 30.50 100.50 306.29
No.8 0.1191 0.1283 12.83 94.81 306.99
No.9 0.7062 0.3117 31.17 94.17 305.70

SUM=197.05 | AVG=96.44 | AVG=305.75
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3.3.2

EHAERERTFTERLBIRS

MTS % %_preload % 100N 12 % :# *5 # & & 20N/s & I *# & 300N>3x3

LR R E R

M Eded 3-1- 2R F2 4 ERLHEL

196.72N » MTS *# ig £ preload 4 & 5 199.2N > & K354 & 3 1.24% o

% 3-13 7 % m T 3IxX3EAR BB S

MLCC No. Measured | Measured Measured MTS Force | MTS Force
Charge (V) | Force (V) Force (N) Outset(N) Peak (N)

No.1 0.1012 0.1136 11.36 103.74 303.85
No.2 0.0411 0.1584 15.84 101.60 302.46
No.3 0.1444 0.1396 13.96 104.27 302.60
No.4 0.1323 0.2169 21.69 101.77 300.90
No.5 0.0968 0.2326 23.26 104.98 302.11
No.6 0.2493 0.2067 20.67 102.72 301.17
No.7 0.341 0.3859 38.59 100.31 301.20
No.8 0.2874 0.2688 26.88 103.10 302.22
No.9 0.4433 0.2447 24.47 101.59 300.48

SUM=196.72 | AVG=102.69 | AVG=301.89
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Fo 4-12x2 W3] VR ) BB pF 4 g 90° £ 2. B %
Measured | Measured Measured
MLCC No. MTS Force (V) MTS Force (N)
Charge (V)| Force(V) Force (N)
No.1 0.1244 0.2598 1.0291 25.98 102.91
No.2 0.1018 0.1872 1.0300 18.72 103.00
No.3 0.1006 0.3010 1.0312 30.10 103.12
No.4 0.1482 0.2370 1.0298 23.70 102.98
SUM =0.9850| AVG =1.0300 |[SUM =98.50| AVG =103.00

Fe 4-22x2 5N R p) B pF AL i 180° B B2 B %

Measured | Measured Measured
MLCC No. MTS Force (V) MTS Force (N)
Charge (V)| Force(V) Force (N)
No.1 0.1238 0.2611 1.0268 26.11 102.68
No.2 0.1128 0.2130 1.0159 21.30 101.59
No.3 0.1067 0.3230 1.0259 32.30 102.59
No.4 0.1103 0.1692 1.0240 16.92 102.40
SUM =0.9663| AVG =1.0232 |SUM =96.63| AVG =102.32
3x3HFVR PR E AT H TR T RIS FE T L E RSN

LAV BIE A g dxk BEMTS 254 it > P gA BN 5 1.24% >

Ltz

41
‘P

~ W

AR IE S S e

% ¥ FER MLCC #7138 g B BB B 3% 9

67

B
Ik

4=

Wi

- 5?'] 7y @ 4



3
o1
el

ARG 2 P g $E it MLCC 17 5 4 & g ipl & f1F = i 5] 55 g p) B
P g BRI Ao d PR KL ERT 00 MLCC LB 22 H
ZAMGBER RS Jel A MLCC 2 BT §5ck a5 LB AR A
4%rI N 0 FF RAFE R4 o ¥ H3E MLCC ¥kt 2. 4 €& 450N > * 4

VS UECSE T RRLENIE RS SAET £ S S SRS

1A -

WAREA RS BRFEGFETFRAZ T FHIE O ALER

B S%ILP o AR BAES R P A RIEFR T R AR (C.V=1.82%) -

o

v -MLCCAR 5 2472 4 £ ipl~

MLCC 3 & et 7 iz spear il irz 5|V R R B > g2 MLCC #
b2 #EBRPELS 206 RHRE S BN F B MTS #7324
(error=5.86%) » #x BRI B R BRI P G A ZF AL Lo A RS
FHRHITZRRBERTIFTER ELGE RRAH ST T
7 Pt X-Ytable } 27385 > BRBIE & F B2 4 & %]
(error=1.24%)m R iB] % 2 3 3 3 pidfr sediip it 3 VBT K £ 4 2

RTINS o RS e e

68



[1]

[2]

[3]

[4]

[5]

[6]

[7]

34

ﬁa,l?ﬁ(zom) HRT RGP &It &4 Bpl2 3, W Ak
FFF IR LG S -

R~ #(2007), AR T LR R EE R, W2 # < F
?%ﬁ I ARFEY TR L T o

William D. Callister, JR.(1995), Materials Science and Engineering an

Introduction, New York: John Wiley & Sons Inc.

Gautschi, G.(2001), Piezoelectric Sensorics: Force, strain, pressure,

acceleration and acoustic emission sensors, materials and amplifiers,

New York: Springer.

Ramon Pallas-Areny, John G. Webster(2001), Sensors and Signal

Conditioning, 4th edition, New York: John Wiley & Sons Inc.

Usui T, Uematsu S, Kanegae H, Morimoto T, Kurihara S(2007), Change

in maximum occlusal force in association with maxillofacial growth,

Orthod Craniofacial Res 10, 2007; 226-234.

Kohyama, K., Sakai, T., Azuma, T., Mizuguchi, T. and Kimura 1(2001),

Pressure distribution measurement in biting surimi gels with molars

using a multiple-point sheet sensor, Biosci. Biotechnol. Biochem., 2001;

69



65:2597-2603.
[8] Mericske-Stern R. Assal P, Buergin W(1996), Simultaneous force
measurements in 3 dimensions on oral endosseous implants in vitro and

in vivo: A methodological study, Clin Oral Impl Res, 1996; 7: 378-386.

[9] Mericske-Stern R, Venetz E, Fahrlander F, and Biirgin W(2000), In vivo
force measurements on maxillary implants supporting a fixed prosthesis
or an overdenture: A pilot study, The Journal of Prosthetic Dentistry,
2000; 84: 537-547.

[10] Bousdras VA.(2006), A novel approach to bite force measurements in
a porcine model in vivo, International Journal of Oral & Maxillofacial
Surgery, 2006; 16:474-480.

[11] Patricia W. Freeman, Cliff A. Lemen(2008), Measuring bite force in
mall mammals with a piezo-resistive sensor, Journal of Mammalogy,

2008; 89:513-517.

70



FH IR AH R FEIEEY
Rzd 1§ 2 P2 LFEPT 1T A

L%+ - Baiepfad o FERT P36 0 2008 B24F
“Io A B $rabat KA 477
2. '_:‘_:iv’w%@?l fe & ¢ FABEFHE 02008 v EERL
“PILOT EVALUATION of MULTILAYER CERAMIC
CAPACITOR SENSOR ARRAY in BITE FORCE

MEASUREMENT?”



1A EA
AN X Z FE A AT

[IRB X R E2E
BA%HXE &SN
LIARB X FR1FE e

\\\ \\\

Ep
Ep






