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Review of the technological development of high-end force

measuring instruments
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Abstract: This paper introduces the development trajectory of force measurement technology, as well as the working
principles, technical characteristics and applications of traditional force measurement technologies, including mechanical,
hydraulic, resistance strain gauge and piezoelectric methods, and emerging techniques such as fiber-optic, electromag-
netic, and quantum force measurement. It expounds the development directions of the high-end force measuring instru-
ments in terms of high precision, extreme force value, multi-dimension, high dynamic performance, intellectualization and
engineering application against the background of rapid upgrading of strategic emerging industries such as aerospace and
high-end equipment manufacturing. It analyzes the research progress of current high-end force measurement technology in
various directions, and discusses the development status and construction ideas of the force value traceability system, as
well as the technical status and core difficulties of static / dynamic force calibration, multi-component force calibration and
uncertainty evaluation. It points out that traditional force measurement technologies still need to be improved in terms of ac-
curacy, measurement range and environmental adaptability. The future development is outlined, proposing the need for in-
novation in new materials and processes, interdisciplinary collaboration, and deep integration with such emerging tech-

niques as internet of things, big data, and artificial intelligence to drive the industrialization of high-end force measurement
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instruments and provide technology support for national high-quality manufacturing development.

Key words: force measuring instrument; force value traceability system; extreme force; multi-dimensional force; dy-

namic force; intellectualization; engineering; environmental adaptability
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Fig.1 Working principle of the spring dynamometer
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(a) S-type force sensor and accessories
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Fig.4 Force sensors with different elastic body structures
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Fig.5 Schematic diagram of the piezoelectric effect

under pressure

Je M FAR WA T SR S AE: ©
PR s FEL gt AR A ) R 2 B ) 2 i s, )
BTG L BE S T R, SGEHT3iE
W5 QWi S5 R A2 B R AR, W L
M AMERL; QRME S S Z BT, %M
T AL B s (@ F vl 2 g A Y A v T B
WA S Ty e, L B R AT R AR, 16
He Y SRR L —
1.5 BEERXN AR

AL LR, BEFECREAR . BbRHH AR L
Lt MEMS 5l 38 25 BT BOR B A Ji% - 7 g D4 45
SZE LB ZUHEOR , RO A AL 45 .



iR

e A - 35 -

1) LR AR

G 32 T3 GRS 0 AR AR A I
JEEF I ) B AR AT g T4 . Ak . SR
[T RN SRR ST BT 7 - S e 1 & B
B R M ER TR,

2) MG AR

I 3 £ P e A R 3 b e AR R, it
J15 R0 Ty 52 P, R R /IR A A A
BN G T IEBRE P 2 RS R
AR, FEELRERT . KSR B SN
Mgz, HAMEREE ., WAL P ny %
AN

3) EmTFIEREA

FIHETFS, BT, &7 HE. &1k
. B RO O T FEAN, SEBLN
A R T /IS G0 3 BE D7 B R TS RS s T
JIEE FRAE AN BRI . AR R 2EPLER N A
J124 855 1] 4 ] FH e R 1 G

4) MEMS F74 A

RACTLI R GE, fErE A B0 T Bk fl 78
PR RUREER , R ) Bt e Ak R F AR 5 AT I o
MEMS U S £ A& TR A, FEEHF
TORLHE Sy . SR S . A TR B I e A
G, Pl R EARUN . DIREAL . ATt
N Y =0

2 HFHBMALEFEFXR

2 IR BB % TR, R A
it A A9F A R R 2 AR A B, o L
I PSP dT SR — 2P . TSR i i
£ il 3 A AR 4 AR TE T T2 L RN T R R Y
WrBe, TG AR AR 2 07 T 22 A REAR 4
W LR . fEmRE I 5, BRI AR
i A0 R 22 WS 5 A B2 % T O i i PR B
e LI L ARBE T HE . RUE M AR, RTEILAS
WEZMEhEe, HA B AIRSEE N,
B, Tl A R RE AR R AE A bR, X
I I3 A RE AL AR BE 3 1 1 S 2R ——
I BEAE 58 AL AR 7™ R G JCAE M 1, LB
g S E bR o3 B A B S RN ) A AR R T R B 22

AR A BE . I ) A R g s ik 1
IR

BIREGEI T BARPIA EWRAH, (HIE H A
HAERGRE . e, 4ERE . ShAH 58 SRS T8 Nk
SEIT AR C T RE T B, DA A R R R
o S 00 7 ASC o T TR RS R 0 g A8 ) o SR T
Hid

1) “RREEE” J7 1) B A BROR 48 A 2 A5
PREEPE, e BN A AR A M- IR
HEHAT, RGOSR AEE. &
WEFREZMN BREGARRE” 9 RE T
“RAERAWEL . B, KahPLoEHE S
HR B — (0 0 A B L P R M S AR A B
HHSCHYHE Ty o3 o f ST A5 2R, b SR B AN I i AR
Gt S H 22 32 R DN 2R U™ 1 o B, TR A ) 5
0] 5 i R OG AR I R A W | R
LA a) 3 Ay 51 RGP 22 55 o B ali B A%
AR TR AR I AN BEIRIESS R AT M5 , e 2R 45 H i
EH, 2EfRsEE . ZMWMHRIE. 207K
f£5 5 SRS, 7 AE B IE N7 T T E BN B E JE
HERT

2) ZamiE ., iR, BRE DR = R HE
oo, AREZAN TR 2E MR AR . E
I AR CINARAET, R TR, RE
W BR T 00 F RUESS 1 2 4, B 1k AL A i 2 sl gt
W, R EB S TR T ROERIE L,
PUR AT REREARAS AL o BN T3 IR A RN RN
PRI A T S S DT 1) 5 SR IE AR R
TEAE IS, (IS 37 57 I T X A P e R 15 1R L
AR, IAERRS KRR IR sl o B A A5 5, K
LM 20T 2R D e 5 0 I D R MR R S
B N PR R R AR S R g TR T BT U e . (B )
I A ARAS AN i AR I BEAT RS i
SR, MR RS FAE AT EE | AR A R
PR R

3) Z4EJ1/ A A © 2 A s I A
HEM AT, R mdlas A XU
T3 R B 25 40 A 31 I a4 22 b o T 3 W) 9K 5
PIMEAL A N L 25 (B AL A% ARG AR i PR AT 4 7 R e
PR, 2 fil Vol b AR AR 32 =1y K = S, B



- 36 - fEREREA

202645 46 % % 3

k1 BAZMANEE KRG = =6

Tab.1  Examples of typical application scenarios with requirements for high-end force measuring instruments
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Fig.6 Schematic diagram of a modular multi-dimensional force

measurement platform structure
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Fig.7 Superposition type multi-component force

calibration device
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Fig.8 Loading force layout of the deadweight type

multi-component force calibration device
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