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Development of high-sensitivity force measurement system using
multi-degree-of-freedom zero-compliance mechanism
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A three-degree-of-freedom zero-compliance mechanism is developed for
measuring micro force with a cantilever. The force acting on a tip of the cantilever is usually
estimated from the displacement of the tip caused by the force. However, the position and attitude
of the tip vary after force acts on the tip from the original ones. To keep them invariant, a
three-degree-of-freedom zero compliance mechanism is designed, fabricated and installed into a force

measurement system. In the developed measurement system, the force is estimated from the
displacement/attitude of a detection point of the zero-compliance mechanism. It is confirmed
experimentally that both vertical displacement and attitude of the detection point are proportional
to the force applied to the tip.



B X C—19, F—19—1, Z—19 ({3@)

1. HFZEBIAE S D =

TE, BLERNLYHED —DOTHY, WAWARBEFIERH S, FORIERORERICE
B2 L&, AWV AT A X BHE (RALE) AU AT MM X BHE GEAE) STk
BITED. HOLESAVLNTWAEEITFIEICE L, REN2FNITRESCe— KL TH 5.
Z DOFEORARN R BEIL, RIERE 2 & < 5 13ER ORI A KL & ThH 57, KM
PeTBEMEARDOEMPREL 2> TLEY, HORAFRENL OEBE: EORESRMENRED
STLEHIZLTHD. T, WEROEAREEDMK T L, WEBEERIEI EL oo TLE
FZEbREARMETHD. —F, BMEO—2LE LT, —RZ2%2H L CTERAONEE —
EIWRD, ZOLEOREEENS N EHET D HERDD. ZOEE, ERAMITEM L2V
T, RALIED L D RBESRENED D LW ) RENE TR, L LARRS, HEHEZ K< 3
BDININATA DT 4 — RN IRMBELRD, ZUNGHEEFICEEND ) A Ak
BHE0, MEREMETLTLES. 2070, B0 X 5 2N 2ET 255120,
RAEDNFIH SN DHANZ VD, MESMENRED->TLE I &) AN 2 MBI MR T
EXAA

2. WD HBY

Poar 747 0 AEEFIH LT, (EROEE TIZMINLN TE 2o - milt: & @
RN AT INEEE LR T D, BT EETIE, WOoERSAE2Eear 7747 A
M TR+ 5. Pua L 7S 47 0 28T, [EOIXRENEZ B S g & aol3 Rt
o L 92889 2 R L 2 S A2 U CEAYNCEERE L CHERR T 5. 2o &k 9 el
HEIEE I, ERAICHMERLTY, ERAIREMETI, MBSO NENT D, LR
ST, TNETNDIERORIMEZ /NS LTBHE, (EHAOEE Z2Eb2Rnols, EIRE D
HSFRE & 72 5. AWFFE T, TERSOXEHEEICh o F L =2 W2 HHEYna 7T
AT U AEERE L, BEREODHEEES EHT D,

3. WD IiE

() hhomBicE L= F L= W3 BHEXna 747 o AE K AT
FIRERERE 2 5% 3 - BUE L C, MIERBLOMGER ORI E 2R+ 2 EBr &2 17720 . BRI 5 3
HEEEwa 7747 A ##EL, K1IIORTEHIICSEREDIARE L DLV =TT 7
FaT—FEMBEDETEETHD.

(2) i - BHERSEERY v 2 T T A T RS A A AT R E R & T - B L T, BER
PRORRE N OGE R 2408 92 TR 21772 9

(3) (1) TPHAZE L7-3&iE & (2) TS L7z 3B OMERELL I 21Ty, SHEEEn a7 I 47 X
B D Bl 7S IZ DO W T ORI R 2155 .

4. HFFERE
(1) SHHEYoaLTFIA7 v AMEEM 27 DI ERHE L BE LT, EEICRE L5
DEBEZK 2T

Q) BUWELZHEHE RS\ TErar 7o 47V RAEREKRT 5720, 1ERAONED SR
SOWMBDREMBEEREL, ZHEVEV L 7OEINRDIMHARLTEHT L2 LITRIIL
L7z, BRI, WESEOESIFOTT VAT, Do F LR~ ERRONEND B VDI
[EE S VTR R ONLE 2 R ET A B R A S L7

Detection point ~Linear actuator
Cantilever

Guide link

N Point of action

lﬁ

[177777177777777777777777777
X1 SHHBEPaaLFI1 70 AE (1)



3) QOFERICHESNT, Bra T
TAT v ARERT D HER A A
L, o F Lox—deum (WER ) (25T
&ﬁ%ﬁzf% VER RUEA 7 Nkt
LCEEW R EMNNIFIFEr Lo T
Wbz k%%mLi_é% , X 310K
RSN @mm@@ﬁﬁm@wu&
(o83 e 733 WIZHBT 5 Z & 2SEEEL
2. ZHUCE > T BETHHIEICE -
T, EHS 2B SIS, mED 7
A FARETH D Z EDVRS LT,

4) i - FlERSEER R 2T A
T ANEAE A Z T2 700 TE A A U
L7, EEICRELEEOEE AN
4R,

(5) @TH%LEEBICEN TS, ¥Rar s o147 v AEERT HMEREHEL, 1T
LoS—Sesi (EFLE) \CHMRA % 52 C b, (ERAIRA IS L ORI HIEY
L0 2 L, RO R OER I 1R D ZENL R OB N INTIHBI+ 5 Z & 2 HFEL T,

(6) ZHODILEDOMEREHER ATV, Wit - RSB m a7 T AT AR D J5 D3I R
DIERDFE D2 D & O RLE 57

B Point of action ® Detection point —— linear approximation

0.5 — 0.2
g 00 ---.I---'.---:-.--:--.r- _ 0.0
.E B e e e b i il ?)0
g 05 po-cboccto L@t daeodaaod =02
15} [ L
g . gﬂ
o -1.0 [--% ' ] < -0.4

-1.5 . . - . - -0.6

-6.0 -4.0 -2.0 0.0 -6.0 -4.0 -2.0 0.0
Force [mN] Force [mN]
(a) Displacement in the normal direction (b) Angle

B3 SRR - B R OIER ST AN K OESS 4 & OBIFR (SEHIME)

B4 e - BERSEER Y 0 = 7T AT AR 2 A T e E (BE)



3 3 2 3

Md .Helal An NAHIYAN, Takeshi MIZUNO, Masaya TAKASAKI, Yuji ISHINO, Masayuki HARA, Daisuke 12

YAMAGUCHI

Validation of multi-dimensional force measurement using zero-compliance mechanism 2018

Journal of Advanced Mechanical Design, Systems, and Manufacturing 1-14
DOl

10.1299 / jamdsm. 2018jamdsm0038

Md .Helal An NAHIYAN, Takeshi MIZUNO, Masaya TAKASAKI, Yuji ISHINO, Masayuki HARA, Daisuke 26

YAMAGUCHI

Development of Three-Dimensional Force Measurement Instrument Using Zero-Compliance Mechanism 2018

Journal of the Japan Society of Applied Electromagnetics and Mechanics 172-177
DOl

10.14243/jsaem.26.172

Takeshi MIZUNO, Yuji ISHINO, Hiroki KAWADA, Yoichiro HAYASHI, Masaya TAKASAKI, Masayuki HARA, 11

Daisuke YAMAGUCHI,

Force Measurement Using Zero-Compliance Mechanism 2018

SICE Journal of Control, Measurement, and System Integration 341-348
DOl

10.9746/jcmsi.11.341

5 1 3

Helal An NAHIYAN, Takeshi MIZUNO, Masaya TAKASAKI, Yuji ISHINO, Masayuki HARA, Daisuke YAMAGUCHI

Vertical Direction Static Force Measurement Using a Three-Dimensional Force Measurement Apparatus Based on Zero-Compliance
Principle

14Th International Conference on Motion and Vibration Control (MoViC 2018)

2018




Helal An NAHIYAN, Takeshi MIZUNO, Masaya TAKASAKI, Yuji ISHINO, Masayuki HARA, Daisuke YAMAGUCHI

Evaluation of Multi-Dimensional Force Measurement Apparatus using Zero-Compliance Principle in Microforce Measurement

XXI1 IMEKO World Congress,

2018

Md Helal An NAHIAN, Takeshi MIZUNO, Masaya TAKASAKI, Yuji ISHINO, Masayuki HARA, Daisuke YAMAGUCHI

Development of Threee-Dimensional Force Measurement Instrument Using Zero-Comnpliance Mechanism

29 SEAD29)

2017

Dynamics and Design Conference 2019 (D&D2019)

2019

Takeshi MIZUNO

Application of Zero-Compliance Mechanism to Vibration Isolation and Force Measurement

International Conference on Mechanical, Industrial and Materials Engineering 2019 (ICMIME2019)

2019




(Takasaki Masaya)

(10333486) (12401)
(Hara Masayuki)

(00596497) (12401)
(Yamaguchi Daisuke)

(00735657) (12401)
(Ishino Yuji)

(50645968) (12401)




