2.1
robot wrist

sensor
grinding tool

hurr

2.1 force-torque sensor

2.1

2.2



= ‘R 0
J Rorgs B R,
0 -pz Py
Px=pp 0 .px
|Ft
SFS
*JT Jacobian matrix
*R rotation matrix
| .
2.3
" Foce servo controller Wﬂ Force sensor

2.3



)| jnmn 3

Fd
Fe

(half bridge)
2

Wheatstone half bridge
2
quarter bridge

0
Fx, Fy, Fz Mx, My, Mz
compression strain tension strain 24
" 21 3 4
£5,£6, £7  £8
. X £5 £8

z £1, £2, 3 £4



x YR
y 81 £3
: £5,£6,£7  £8

2.5 wheat stone half bridge



strain compliance matrix
strain compliance matrix

Fx
Fx Fx
M, My Mz

matrix strain compliance matrix
matrix

V CL c¢12 ¢B3 cl4 ¢ ¢clo
2 CA ¢2 ¢B cU B ¢l Fx
s3  C3 ¢ ¢B cH cH B FY
4 CHL c42 c43 cd4d cd5 cd6 F1
8 C5l ¢5 5 c¢5% 5 c5%  Mx
s6  C6L c62 c63 b4 c65 cB6 My
s7 CIl ¢72 c¢7 c¢74 ¢ ¢ Mz

=, 8 c8 c¢8 ¥4 c& 86
= Cf,
go= £1 £2 £3 £4 £5 £6 £7 £8!
= Fx Ky Fz Mx My Mz[T
C  strain compliance matrix
strain - compliance  matrix
calibration matrix
= CHD
c+=(CTC)"CT
c+  sensor calibration matrix

Fy, Fz,

2.1
2.2

2.3

Sensor

24
25



2.1



2.8



2.11

+Z

10






2.14

(Sensor 1)

13.5 mm.

12

(Sensorl)



	บทที่ 2 อุปกรณ์ในการตรวจวัดแรงและแรงบิด

