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Development of 6-axis Force/moment Sensor for Humanoid Robot’s Head Reacting to a

External Force
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When external force is applied to humanoid robot’s head, humanoid robot’s neck is rotated to
prevent the damage of it. So, robot’s neck have to perceive forces (Fx of x-direction, Fy of y-
direction and Fz of z-direction) and moments (Mx of x-direction, My of y-direction and Mz of z-
direction) using the attached 6-axis force/moment sensor. Thus, in this paper, 6-axis
force/moment sensor was developed to sense the forces and moments applied to robot’s head.
The structure of 6-axis force/moment sensor was modeled newly, and it was designed using FEM
software (ANSYS) and manufactured by attaching straingages on the sensing element, finally, the
characteristic test of the sensor was carried out. As a result, it is confirmed that interference error
is less than 3%. And, it is thought that the sensor can be used to measure the forces and the
moments for humanoid robot’s head.
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Fig. 2 Finite element meshes for FEM analysis of 6-axis
force/moment sensor in 3-dimension
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Fig. 3 Deformed shape of 6-axis force/moment sensor
under force Fx or Fy

Fig. 4 Deformed shape of 6-axis force/moment sensor
under force Fz

Fig. 5 Deformed shape of 6-axis force/moment sensor
under moment Mx or My
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Fig. 6 Deformed shape of 6-axis force/moment sensor
under moment Mz

Fig. 7 € 3 Fx(Z£2 Fy)=100N o] 7}&]d uje]
6 & Y/EHNEAAMS Fa8s siad A HY
EEXE Ve o #HAdne Sids ofyid
o Wy E‘:':‘Tﬁ(strain distribution)e] M Eo] 0
ARE A FAAHW, o|FEEMNT 1A
EE2FNY A E AHe HEEL P43 A
o] EQlth o]AL fraidMe £ a7 #E
o|t}. Fx AA ¢} Fy Al ~Ed<Q °l AeolA F2k
AxE 2EHAANA Y Z7IGBmmx52mm)E il
Hete] Bl Zo] WgomE UAHEEZSTHE
2mm A Foln EFWgoRE FAHMAo|H, o X]
qu] tﬂﬁé%& 260um/m O]E}‘ o] LOEE -A
A E AR A Aol o) 74]451
HYyE2 1040um/m oli, o] AL HAUYWIER A
A% 1000um/m o] B2 A, 4.0%e] AE Bl
ol¢} Ze AT HYyFP|RE FIFA 19
T”ﬂ% 0.1mm R ©f AL3A 71338717 o
o2 71348 ndste AR WEeth
Fig. 8 2 & Fz=100N o] 7}s|& w9 6% 3/E
HAEAAMY fFoos 4 A HIPEEEES
Yehiz ot Hggdrne] Sds) ofgiwe A
FEEEZE T ESMDO 7ML FERT olF
EE2Ms5)0] 77k BEAAM o ZA Uiy

|

[‘l_ﬂ.o

—{o

olZ I3} WFEo] 0 AXHe] o] FEFTMNEL
2 9 1.5Smm X3 AHJA oF 7mm A FHe]n, o
ESMDI oJFEFMS)T A AHe AP
& Fadte Aol BAh oA P Fz=100N
7Hld w HeE Bl 3 B2 7t HEHOEHN
TESMDO] e 7] wWEolt

z A 2EHRl Aolx RIAAXE He
do| HgoRE AAEZOZRE  15mm A0
3 Eggog e FAMALH, of AP MY E

Ul

O, O
il

O

2 215um/m °]t}. o] WYL FHAEHYUAE T4
B9e A Amd g3 AddE F dgse
860um/m °]x, o|RAL HuHPEZ A}

1000um/m o H AR, 14.0% LAE R2AH
olg} Z& eakw W EC] & o}FEFMS) £
2EH AR FAXNZE AAstA @7 Wi
oliL, o|f¥ o]FEFMS) %o WHFHEC ¥ Fz
€ /1S WEn 2HE Mx 52 My € 7HS
Wb o ZA UrEMﬂ ot 281

100N € 713S 9 & HEEZ 1000um/m E. o

7] sl FHHER FAE o %OMI Hy 2d

E Mx E& My & 719E W 9% HWEE
H‘*J}b‘}ﬂ & IE}

Fig. 9 £ EZ9E Mx(Z& My)=INm 7} 7}s)2
el 6 & Y/LAENA *rrfi}&i A Azl
HEEEEE v vt FPgare] W
3 otgiHe] APERIE o BFEEMN 7M7HE
BEHEG o|FBEWMSY 7t HEOA 9 =
A Ve, o2 Qs AP Eo] 0 AXHe] olF
EEMDHELSZ oF 2mm A2 AHQ o 7.5mm
AAeld, o] FEFMDF °lFE2FMSHT A H
Adel WHEL AT o] BT o)ALE
ZAE Mx(Z£2 My)=INm 7} 7tefd o Awe
Bl 3} B2 7} BIEH o ZH o] FEEMI)o] A3
%R7] wliEolch

Mx A (EFL My *31*1)94 2EHQ
ZANAE Bl do] ¥
8 25mm Aol %‘%} o 2= AN Y
o] He WHEFEL 253um/m otk o] HIEFS
A*EHFJX]—% T30S AF Aol 93 A
AtEl E WFEEL 1012um/m ©)X, o]AL HUwW
ﬁ%i 743 1000um/m o] H W BHA, 1.2%] 2
A5 Bt

Fig. 10 & 29 E Mz=INm 7} 71813 w9 6 %
?J/E‘%ﬂEéﬂH«] fretes 4 2 ¥wyER
EE Jeha 9t HgsEgrn Suy ofzid



=Y USSR K 26 H 123 pp. 78-84

December 2009 / 82

o MPELEE o|FEEFEWMS)0] 77 BERT
FALGEFTMY 77k HEM o =4 Ue

2 sl WMPEo] 0 AAHo] o|FEE
MDESE o 2mm X3 AH ¢ 7.5mm A A

FTEEMS)T FHGESMY YA
A8 MPEL Thde Ao BT oA
EAE Mz=INm 7} 7}ei2 o FAGEFM9)7}
Aoz FAGEFIM)Y nAHE %o P
H B13~Bl6 H&o] aA FHA7] ujFor},

Mz AA el 2EHA AlolA] HARE H
Hol o 2= YHLEEMI)2ZRE 3mm A
Hola Zgo Ry TG0, o] XH W
FE2 264um/m olth o] AFES FHAEHIXA
TSRS A Al da A" F= Wy
£2 1056um/m °] 1, o] A& HWWIEE MAF
1000um/m o B[R HE, 56% LxZ Bt}
ol9} & ot HAHPW/H JIFA B T
£ 0.lmm 2t} § HFE3A 7HEE77 e en
2 7tEA4 S aelsted A5 ol

o

500 ¢
400
300
200

~4--Upper

100

o
-100
-200
-300 -
-400
-500

Steaia(um/m)

Lengthof beam{mm}

Fig. 7 Strain distribution on the beams Q and R under
force Fy (beams S and T under force Fx)

Strain{um/m)
©

0 1.0 20 30 40

tengthatf beam{mm)

Fig. 8 Strain distribution on the beams A and B under
force Fz

Strais{um/m)

:300 %“

Lengthof beam{mm}

Fig. 9 Strain distribution on the beams A and B under
Moment My (beams E and F under moment Mx)

200 e Upper
ol Lower

00 L.."““
400 ©

Lengthof beam{mm)

Strain{um/m)

Fig. 10 Strain distribution on the beams Q and R under
moment Mz
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Fig. 11 Attachment location of strain-gages for each

sensor

Fig. 12 Photograph of manufactured 6-axis force/moment
sensor
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Table 1 Rated output from FEM and characteristic test of
each sensor

Rated output (mV /V)
Sensor
FEM Exp. Error(%)
Fx 0.5278 0.5442 3.1
Fy 0.5278 0.5484 3.9
Fz 0.4364 0.4176 -43
Mx 0.5136 0.5465 6.4
My 0.5136 0.5408 5.3
Mz 0.5359 0.5493 2.5

Table 2 Interference error of each sensor

ensor Interference error (%)

F/M Fx Fy Fz | Mx | My | Mz
Fx=100N| - 0.15 | -1.28 | 0.07 | 2.83 | 0.21
Fy=100N| 0.06 - 0.13 | -2.14 | 0.32 | 0.60
Fz=100N | -0.09 | 0.08 - 1.02 |-0.96 0.04
Mx=INm| 0.16 | -0.28 | 0.09 - 0.17 | -0.67
My=INm| -0.65 | 0.82 | 1.29 | 0.24 - 0.37
Mz=INm| 0.08 | -0.19 | 0.36 | 0.42 |-049| -
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