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Abstract
Successfully used the square quartz resonant crystal as the sensor head chip of the force sensors.
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Using a metal package structure for environmental isolation. Verify and improve its accuracy, sen-
sitivity, linearity, repeatability, and hysteresis reduction characteristics. In terms of reliability, the
reliability and stability of environmental temperature and humidity, air tightness, mechanical fa-
tigue, drop and vibration are also verified. It can be widely used in robots, new energy vehicles, aero-
space and intelligent manufacturing industries.
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1. 5]

£ 9 f AR (Quartz Crystals) & —Fh S AEE(SIOo) M4, H B 4%k Hi(Piezoelectric Effect)ffih, 4 ahfk
ZRNVAMERHUMR S, JJ I, R M= A gy, AR A RIRES, WA T 5 1SRN, oA
& A% Ji 48 (Quartz Piezoelectric Crystal Sensor), 419 fp A AR M Y1, 41 AT, BT, SC %, AT IR A
BEAERIR AR ENE, AT AL S SR B, DR S e AR AR A S AR E . SR &
TERRE VSRR, &G TIRZNEVE SN AOIRAS R AT B, DRIt 7 B B () AR T AN e, 9 g A T
FREL = AR R AR P2 AR FL RS, SR AE RS I BT, RSt inpI4h 7y, A vk R R fe e i h 15
Ty R O AR R EL AT DU ST TR PRV HEERS T bR 4, AR KRS VA ERRE E et DRI R R R AR
9 B PR 2(Quartz Crystal Resonator) /)25 A5 s, HAH 1% 22 1939 & HL R R (Inverse Piezoelectric Ef-
fect) {F A B B, 1 8 S it N 37 T AR AR, H A (10 A BSORT I S 7 R T R R e A, P AR AR IR B TR AR
HIRGEMNZ, ZRNIMEN TG, U8 TIRGEMBE, PP AERGIEREZEME, (FE RS &2
Femt, FERNEREREE. SRR PO N KT SR Y 1A% I 2% (Force Sensors), AN
BLES N B BRIR 22 Rl 5 [ 1]-[4]

2. ARERIERNDFERHFET
2.1. ARNFERBHFNLR

A TE di AR 1 s FL R (Piezoelectric Effect)5 471 K FL 2R (Inverse Piezoelectric Effect) IR B4R, H
FE LT T A AR I 1) SO MU AR 2] 72 N, JF BBEE BRI RSk e, MHEER . SiE
PE, ATRMEG ., I R BRSO SR AR AL S B SR . A R, A S A
otk ERZMER, B8EXA. BAFRSHHRE. 2000 4, IWARRKFHERWEN, SX6EA
JEE MO R IR A IR B L Jp R e R T 2. BRI BT TR S b, IR A T
VBN 1B TCRE T A GBI 9T 5] 2005 4, [ 223 J. M. Van Ruitenbeek 55 N\ A H A 55 8% OB RE1E N 71
FEER U T, M TR M E, FEsDh eI R+ 1) IR & [6]. 2008 F, HREFN,
MR A E S NBUR ST, HIE 7R R L A, (LRSS AE 0~120 kPa, HULARER A (40 + 4)
kHz, F§EERIE 0.05% [7]. FIRASEE AR N JBUR ST, nl3R1 SR BE DS RS, (R T A9
Xk, B S, Bk R AN BRI T BUR R TT, RN AN TR A, G A e
@, JEEEL KR TR RN (EHEEASE R, AT LTE ERNE S, HA MR, "TH

ik
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TRERIBURRTG, &2 EIMEH Bottom $2H, #2212 51 RRAREN R KB40, JFH
PR 22 AR, 5 06 1 KNP 5] 55 2R [8]. J. M. Ratajsk 25 N2 T 2 4 1 Ratajsk H— 1L R ¥ K,
XTI A 98 B 1A o0 RBEAT FEAM B IR 9], A= (1):
fz

S:KfXDxn )]
X, fNATEAESI(Hz). S NIPAK. D MRS BEE. n NSRRI K A5G A 1
WARE, ZRBASAFEER UL MR KR, X TARKYIA, EREEEAF[10]. 77
WAGES S EIE L EGRR, EMTTE ERTFEE VIR, HE5/NEN, fE2REmnE, W]
W T AMERE R T A 9 BB B A S A S e AR % . 2007 4, HI A Ayumi Asakura 55 AF
FA 5 AT S A Wit AR ~F 1 J LAY, Hegh R i s, (AR RBUS S, ATHTEY . AMK3h
RSB ARSI S5 A0, IR AU AR M D TR LA R AR R [ 11]. 2020 4F, Yuichi Murozaki SR
HAB M AT, HIE SRR R EEs, TSEIU R E . O BRI IR S5 S A, I
9027 mN~1180N, iR 221k 0.6% [12]. FIFH 7 AT HO P 76146 &4 LRI, A SO H RN T
HLEE N — R SCTT J15 AR A8 77 i b, A A 300 i AR B (0 7125 5 ok KT 9L, IR 1S
HIJ LRGN, R T K.

2.2. ARERANDFERFNEESRS

{5 7 T A 0 @ AAA R ) AR RS M BURR T, SIS I8 280 507 0, W T e A
GO T SE AR A )RR B AR R, 1R BE AT DIAL(0 = 35.15°). 25 MHz JyEEAE IR B A%
GEMA) TAERREVEREI(-10C~+75°C), LA H THEA = 1), TR BN, /£ AT
PIRCA S PN - & saR AR B e IN 37 )5, A S0 e A SR S 2 MR IR S RS, DU
FEBT YRR ASAE R E 2 ) IR PR IREN AR, o St 2 B R 1 S 04 i E R, LS A
M, CASZHCNE), PRSIEBEE Engss e n, MR R A E R, RS AR Bl E r  3E n
B, MHARICIE, EHRSR SEESH & BinEn )G, X Rmn I, HN g
BITE 1.27 & 1.35 2 [08], [FR ARG ARENKTELLEEA B %8 4), AI3REL A = 1.95 — 0.6B%° [KL R,
EIEARANARQ), FILET F i SIS AT R ik &, @E i AE 12548 B
_fofzx 1

S,
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" JL95—06(A)
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Figure 1. Diagram of the AT-cut quartz crystal
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LR P A s P77 wE <k P Ko . 2 P el NS I S W i v VI S 2 W WL £ Y. 2 W 2
Je RS, AP AR S A R S T R BORBORR . TR R RS R BUERIK. K
W AME I AR AS . 2 5 BN RS 7= A Ag . 7 A T AME r B DR E S IORME 5, WAT
CENR NG WA PR s WA K £ 2 S DI GES Dt S O 1 7 W WA i N e =B ER 722 N AT Y
AR TR E ARSI, EHORE TS BT, R T ZEEE g, R U
M7 R M, ATIRGK SR R ERRE M (RIDAE, (HEA S ZR BT WA, B F
SAELHBR R A A RIS, TSR R R, R IR BB (uN), (BRI i R
B AIEEERUG, RGN b, MR BCA IR . M TIA R 0.1%FS, HHAAR
Ko BT ABRE . EEEBERCER R RFTEERL. BhaSMIRAE 200 Hz DUR eIk &l R a7y 248 %
SE R ATE E (MHz) IR AR H 4F, & ashA e, REUZ S Rt BAERE/N, "R, EE
MEFH T e AR U T30 s v R SR B HEAT J) 22 TN, W] Rl AT [ ) AR s 5, I
WREAEFR AR TREATARI, W eI, (A ZRpaL s B, X E T3 B3 T 2 AR K™ s
R AL R BUR T 515 S PRI Re LOLT HAl ™ dh, FIRHERUME. B REL. ZREE
FEALSETT TN > AR E A 1A 4 KA R 2 1]

Table 1. Comparison of the advantages and disadvantages of different force sensors

* 1. TRINFERBBFB MRS

IR R EEf FE
L o L 2 FoR . BRI s
St e BA L Ol ) BT AL bt
gt ey e A S VRS R R 5
st R AL (A 208D Sk bt B (RRUK
st A R 5 T TR ke
Fr A A ) BB AL R ks R
ERR MR B ) FRILS S BB

PP S B R R i

23. ARNFERFRT

A AAGBEAE BT ] 0 N = A FEOP R, B8 1) ATESR RN iS5 kit 2) #
LB 3) FIERE BT, WK 2(a), E ST ER T TR RREAT g e, DL AT D)
AR NEAL, BEK. % BRI 3.5mm. 1.8 mm. 66.7 um, £ EIRAG O OIRBN SRR
25.8 MHz, BARZNGEESE S 0 PRy, FETREMRIEIE, WAREE A R ARSI, DAk
R AL B BT e W 2(b), AT AR RS U B I, R R AR, Wi, Bk, 4
SRR E B TR, WA 2(c), A 200) RN, B b, AR, ASl )y, REE S EN, A
SRt BN R AR L e, PR RS B bR A, R B RS IR A
O R ERARAR SR, 18 2(d) VBGE L85 5 NS N AR OO, B T < A A A e bR TR A AR
HEREATT, B 2(e) TR, AR BT AR EEAR R BRI IC,
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(a) AR =2.4819E7 Hz
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Figure 2. Design of the quartz crystal chips and sensor head
2. AR SHRE TR
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Figure 3. Force testing method for quartz resonator sensors
B 3. ARIERADFER-RIMASGE
NEMRER

TSR HET EARIA, KA TR B UK R T 5 N4 /3 BT A KEYSIGHT E5063A 14, 3
B OB E N 24 MHz, 5958 100 kHz, 6@ 25C RIS BT I0 B RS EE . 7758
WY A HEE KEYSIGHT 53230A #EAT A5 BEMNR R FE 8 SO KR 2/ 8 88), 1 EBURR TS,
TR R B i T B ) 30 SR R 4% (FE-J02)_E 05 [ 5 T2 oy, Tz b e inak g A2k, 23 58 6 N
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AERIRE SO, MRS Rande 2 s, EABLETHEARK y=115.662x + 3113253 TR E T, H
oy AR IR AR, x AL A I 0 {E . IR SR TR AR (R i e GPU-4)F, #
SEN25°C, AT HERINK, @ SCNEEIR SE 16T, S bat %, HMAE TR AR —
W SRR B, 193] B E R AE (AT N/Hz) N 1/115.662 N/Hz, 43 P R 280tk RBUE (B N/Hz) x %
AR PR/ EFE, 453N 1/115.662 N/Hz x 0.05 Hz/21N = 0.0021%, L5y 2 —KF.

Table 2. Force testing results of sensor head
F 2. PRETHFMRE

FHME@E)/N B () Hz THEAE/N RE/N /% F.S.
6 3,113,945 5.984609 -0.015 -0.073
9 3,114,292 8.986830 -0.013 —0.063
12 3,114,640 11.989988 -0.010 —0.048
15 3,114,986 14.984832 —0.015 -0.072
18 3,115,333 17.986718 -0.013 ~0.063
21 3,115,681 20.990602 ~0.009 ~0.045

N RAFHAMAE RS S HL, FFIEEL 10 DMFEM AT DI, Wk 3 PR, S HER 0~50 Nl
YA, 2N B —CRFRIEE R, K15 H AR (AL Hz) IR & THE A FOR T EERAL N), R
BIEMEET RN RS RERE = (WEHE - JSEyESHE: BEMN = @R ERRE -
B N E S ME) R R EE M R ZE = (R NEFME — B AP E) R R E M

Table 3. Force testing results of sensor head

3. HRBRTNFMWAER

%5 SIES AR HEME EEIFEZE
H104 3.125 MHz 0.122% 0.768% 0.569%
H125 3.123 MHz 0.611% 0.436% 0.361%
HI151 3.111 MHz 0.136% 0.884% 0.638%
Hl1l64 3.125 MHz 0.050% 0.408% 0.578%
H166 3.111 MHz 0.478% 0.603% 0.290%
H169 3.113 MHz 0.756% 0.314% 0.510%
H171 3.125 MHz 0.367% 0.780% 0.243%
H225 3.125 MHz 0.100% 0.400% 0.567%
H226 3.121 MHz 0.450% 0.846% 0.361%
H232 3.125 MHz 0.256% 0.401% 0.452%

4. NEERBBFTEERIE
GE3: L
TS AU, TR TR, KPR, B RWAIEA TR IR, BB T
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Figure 4. Constant temperature and humidity test of sensor head
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Figure 5. Gas-tightness testing of sensor head
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Figure 6. Sensor head mounted inside the groove structure on the elastomer
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Figure 7. Free drop testing of the sensor
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