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Development of a 6-axis Robotic Base Platform
with Force/Moment Sensing
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{Abstract)

This paper present a novel 6-axis robotic base platform with force/moment sensing.
The robotic base platform is made up of six loadcells connecting the moving plate to
the fixed plate by spherical joints at the both ends of loadcells. The statics relation is
derived, the robotic base platform prototype and the loadcell measurement system are
developed. The force/moment calibrations in joint and Cartesian spaces are performed.
The algorithm to detect external force applied at a working robot is derived, and using
a 6-DOF robot mounted on the robotic base platform, force/moment measurement
experiments have been performed.
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Fig. 1 6-axis robotic base platform



(b) Vector-loop
diagram

(a) Top view

Fig. 2 Geometry of a robotic base platform
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Table 1. Design parameters of a Robotic Base
Platform

Design Parameters Value

Radius of the fixed platform(r,) 110.576mm

Radius of the moving platform(r,) |72.993mm

Half angle at the fixed platform(¢,) | 10.627 °

Half angle at the moving platform(¢,) | 9.462 °

Initial height(h,) 74.980mm

Initial leg length(d) 103.897mm

Table 2. Max. force/moment measurement range

Force/Moment Value
Jz, max 546N
Sy, max 519N
J o max 1,082N
Ty, max 44.9Nm
My max 38.9Nm
7, max 74.7Nm

loadcell #1 +> AMP #1 1|

CAS LCT-IT
loadcell #2 ** AMP #2 | ,
P LCASLCT-IT Target PC
| TAMP #3 NI PXI-1042Q
loadcell #3 —» CAS LCT.TT _b,, ADC
| AMP #4 NI PX1-6229
loadcell #4 -+ "7 "0

AMP #5
loadcell #5 ™ casicrm [T

AMP#6 ||
loadcell #6 -j- CAS LCT11 |

Fig. 3 Block diagram of the 6-axis force/
moment measurement
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[Host PC] [Target PC]

Development Computer
with MATLAB & Simulink

& Simulink Real-Time

[Robotic Base Platform] [Strain-gauge Amplifiers]

Fig. 4 System configuration of the robotic base
platform
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Fig. 5 Calibration program using Simulink and xPC
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Table 3. Joint calibration result of loadcells
Joint Offset Slope 0
loadcell #1 0.0022 1.0043 ol i
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loadcell #4 0.1057 1.0016 3
loadcell #5 -0.0195 1.0202 g i
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Fig. 7 Joint calibration experiment of loadcell #1

Table 4. Cartesian calibration result of the base
platform

fe Sy foo| ne | oy n,

[N] [N] IN] | INm] | [Nm] | [Nm]
Offset | 0.071| -0.100 |0.023{0.012{0.013| 0.039
Slope [ 1.017 | 1.022 [0.9891.027 [1.029 | -1.015

»
-’ 5 - -

(a) Force (f,) (b) Moment (n,)

measurement measurement
experiment experiment

Fig. 6 Force/moment measurement experiment setup
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Fig. 9 External wrench detection algorithm

Fig. 10 Modeling of link masses of a 6-DOF
robot
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Fig. 11 Kinematic model of a 6-DOF robot

Table 6. D-H Parameters of a 6-DOF robot

Joint i | o a d, 0,
1 -90° 0 d, (87Tmm) 0,(0°)
2 0 | ay(400mm 0 0,(—90")
3 0 |a;(371mm 0 0,(0°)
4 +90 0 d, (109.8mm) | 6, (+90°)
5 —90° 0 ds (99.5mm) | 6,(0°)
6 0 0 dy(52.5mm) | 6,(0°)
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robot arm mounted on the base
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Fig. 13 Measured and calculated wrench along x-axis
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Fig. 14 Measured and calculated wrench along y-axis
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Fig. 15 Measured and calculated wrench along z-axis

A EHE A0 w23 B 741%%

& Fig. 1701 Yetigleh o71M <% & wE7}

=
2F231A] oke Alglo|A wiE Ao E ZF

3
ARE J|E 2P Fogtow Wh¥et dX| w,

rO



323

KSa(C

A
[Nm]
+0.602
b oele] Aol 6%

[Nm]
-1.02
Hhdolct,

-
.

]_

ER
o

[Nm]
+1.78

+12.06 -12.2

+9.969
= lct. Fig. 17004 ZA3%E wil x, v, 2

3l

A
[e]

m

B

UER Qi) Fig. 173 o]

Error .y
=
—

]_

o
R

Table 7. Max. wrench error between w and w5

=
a

i
A b
wf

1.78Nm(Z|Higke] 6.8%) ©ld]
>
A]

e ®OROM K R ONE M OB ¢ WK
R SR
ERS N S -
W rEs S e SR TR
oy & oo ol — e 2
Mook o oM W e o o BT oo
To X 5 DA N
%o~ =K B Br ) o o
3 ok - B ﬂmoge
2 A Hp o oo T oMo T =n 2R
o _— oo 10 Lo of o By
&oMVOELﬂ”%HA N Mo
4 s X = N o X
< U2 gl R 2o M & % ° Wz
X o S SIS i
o T LSRRl 5
@%%Waﬁﬁ%x_.ﬂﬁl {] X
c.*/oﬂ&.uTm\ﬂAdumM._._ o <
meﬂ_.ﬂﬂ.mﬂmﬁcze,_]muﬂw 'O
A X
o
i
~
o
w
=

hva
=

[e)

7 A=

=

22300
=

=
L

21
S2641371)

=

el
.
NS

-

714
AAFAHA|

I
f

ol ofef] AR of

Il

=

HAE R&DA|
=]

3 A
Ay

=
—a

150

100

time [sec]

50

0

-30

150

100
1%

1

R

time [sec]

50

JI
) I~ ~ ~
%o N o o N X o .
~o —_— — T
OB H REH K Mo P W T
—_n e L s
Hy B8 < fo B o T R H g 1 gl
% — ——
oy A Sl R L
.AT X [ N s o
[ o ° = = o
o 44— g4 -4 -AF Q b
il ~ a o4 4 IR
ol W SRy S = e
oy & LTl o0l w g
$r PR ke
- 1 =
X O S R PR g ]
oo <L [ [ T © x L
W_ 1% I ,.‘ﬂ/f/, OW o) ° 28
= = \4\4\\\4\U\\8m [WN] uewop
11 ey s = 2 T T
X ﬂAﬁ S B P — R il
o~ | [ © c [ |
M O..* ﬁr‘/, [ qlnw. W |
= il T [ B
_— . , o - -~ - -~ 1§
X ~ N ) ;
R B g £
= I (e B P o i P
[l P ol T « — i My |
HE AT [ © 5 |
p® [Id]] & : |
- S & 3 6 38 & © s =% 3
of W g e * 87 - 2 8
‘mﬂ _I]_., [wuw] N\Axm .r_ml.. [N] @2104

& =ollA
A ARE /T AlA, E

-300

Fig. 17 Comparison of w; with w5



MU BYEE =2 H228 A3=
Anes

[1] Haddadin, S., Luca, A. D., Albu-Schaffer, A.
2017. Robot collisions: A survey on detection,
isolation, and identification. IEEE Transactions
on Robotics. VOL. 33, NO. 6, pp. 1292 — 1312.

[2] Haddadin, S., Albu-Schaffer, A., Hirzinger, G.
2010. Safety Analysis for a Human-Friendly
Manipulator. Int J Soc Robot 2: 235-252.

[3] Zinn, M., Khatib, O., Roth, B. 2004. A New
Actuation Approach for Human Friendly Robot
Design. The International Journal of Robotics
Research, Vol. 23, No. 4-5, April-May, pp
379-398.

[4] West, H. Papadopoulos, E., Dubowsky, S.,
Cheah, H. 1989. A Method For Estimating The
Mass Properties Of A  Manipulator By
Measuring The Reaction Moments At Its Base.
IEEE International Conference on Robotics &
Automation. Scottsdale, USA, pp. 1510 — 1516.

[5] Hirzinger, G., Albu-Schaffer, A., Hahnle, M,
Schaefer, 1., Sporer, N. 200l. On a New
Generation of Torque Controlled Light-Weight
Robots. IEEE  International — Conference on
Robotics & Automation Seoul, Korea, May 21-26.

[6] Li, Y. F., Chen, XB. 1998. On the Dynamic
Behavior of a Force/Torque Sensor for Robots.
IEEE Transactions on Instrumentation and
measurement, Vol. 47, No. 1, February.

[7] Kim, H. S. 2018 Design of a 6-axis
Compliance Device with F/T Sensing for
Position/Force Control. Journal of the Korean
Society of Industry Convergence.

[8] Morel, G,, Dubowsky, S. 1996. The Precise Control
Of Manipulator With Joint Friction : A Base
Force/Torque Sensor Method. IEEE  International
Conference on Robotics & Automation. Minneapolis,
Minnesota, pp. 360 — 365.

[9] Tagnemma, K., Morel, G., Dubowsky, S. 1997.
A Model-Free Fine Position Control Method
Using The Base-Sensor: With Application To A
Hydraulic Manipulator. IFAC Robot Control.
Nantes, France, pp. 339 — 345.

[10] Kim, H. S. 2019. 6-aixs BasePlatform Device
With Force/Moment Sensing Capability. KR10-
1952043.

[11] Tsai, L. W. 1999. Robot Analysis: The
Mechanics of Serial and Parallel Manipulators.
John Wiley & Sons, Inc.

(FH4= 2019.03.28. £ 2019.04.26. A= 2019.05.28.)



