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Development of Teat—cups Attachment Module for Robot Milking System

W, Kim

D, W. Lee

The purpose of this study was the development of teat-cup attachment module for robot milking system. The teat-cups
attachment module was controlled on the two dimensional space independently.

Each teat cup of an end effector was independently controlled via two axis control based on the position information
data obtained from the image processing system. This system was developed install of all 4 teat cups at the same time
after adjusting positions of each teat sequentially. The individual motion system was operated using two servo motors for

the high speed of teat position adjustment.

The errors for the individual motion system of teat cups were maximum 1.0 mm, minimum 0.0 mm, and average 0.6
mm. The operating time for adjusting the teat cups position required about 1.0 second. It is envisaged that teat cups
attachment module can be applicate to milking robot being developed in consideration of the experiment results for the
teat cups operation accuracy and the actuation speed of servo motors.
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(a) RC servo motor
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Fig. 2 Teat-cup attachment module at manipulator.
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(b) Control board

Fig. 3 The control system for teat-cups attachment module (a) RC servo motor, (b) Control board.

Table 1 Specification of RC servo motor.

Model Control system

Operating voltage (V) | Operating speed (sec/60°) | Stall torque (N-m) | Operating angle (°) | Weight (g)

HS-75BB | Pulse width conirol 4.8~6.0

045~0.34

0.65~0.82 90/180 35
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Fig. 4 Rotary connector for teat-cups attachment module.
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Fig. 5 Schematic diagram of kinematic chain of teat-cup attachment
system.

J. of Biosystems Eng. Vol. 30, No. 3.

. e

97 T 71 TEAE A340] T2 59 7o) 17
(Kinematic chain)& YERICE A AE $H07 A8 cp 2
o)9] ZH 3} A AEE} Bristel 915 sl Hrk ®
& 2HAEelE BEE SR 3Hske BHe| sie] 7
BUIE FESES S5tk 7} B2 Fa] Sajol Aelekzel
27 7o 2R e 7Y Ad)E EA =HE 2R
Eo7t FAsfobe Zi(a)E A (D 2ol 78 + Utk

o= sin‘l(%) )

’lj (Dol g3l 78t 2t o 9} Cosine H=S o]-&31o] 4] (2)
of dgle] AE AD HelL)E T F Utk

_ 2bcosa+ Vabicosa’+ 4(b2— )
L= 5 )

4ol L& ¢

=, vEAE Cosine §2S )43
LABD = 72 7 3)

om, 4 3)% 2tk

BP+cP—L2

£ ABD= cos~*( T ) 3)

53] 1% 2EY 547 B A @)%

B=180— £ ABD (4)

] linit.—Position check }
¥

‘ Communication check !4—

Run to position

-Motor 1(X,Y)

~Motor 2(X,Y)

—Motor 3(X,Y)

—Motor 4(X,Y)
]

Fig. 6 Operation flowchart for teat-cup attachment module.
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Fig. 7 Experiment for teat-cup attachment module.

Fig. 8 Model teats for experiment.

182



% pe BPHTE WOR A7YS B A8
ABE FAIATE, FEE Al ado 2 §50 2
£E AW} AN AT F 4 ARPL TEANL. 2
T, AAES ASAA R4A TY S ANES

Stk A 87ks BWNRS TF F 449 RERTF R
47000 1 mm o1 190l HH 4FO= wgkon, % 10

I

b [€] 1
37k ol 9= 9lo] 5 el skl 4 1K 23te) 10
3 gRAYe O NS Ssgom, o5 4
s ohet 2

. HY YRQA U HIE QA
267 899 AEL 913 4 AR BElo] tjgje] 539
HolElE o) TEAIZ F 543 2} 59 915 03k ¥ 2

ko)
T

J. of Biosystems Eng. Vol. 30, No. 3.

Aol st BE AR 2EQ] Hd 2R 0.6 mmE UERRT
w3 ZEEHEE 102 Yol eItk

EE ME FEfM 2x7F 1.0 mm HE vebd 412 =
WSk £ 0xE FaE o, dAE exfe}
= 2R ZAFAIAE 2 8o 7heE o

P& Do Aftiol AR AT S WY
o ek 254 AR ¥ 3% dol ks

R UehkoHd, H4 @A 0.5 mmE UERTE o] Ao

2570) 273} 5] 7717 20 mm ol 43} 27 A

4 55 BTl 483 Y 2, 108 B

o o] Lpepge. ¥ BRgel 428 & odginh & A% 27, Aes
HY YR exk= ¢ Z4H X & D 479 X, Y S0 EH AFHE dolE e} myEeolg Q] Fest o] Huk
A 1.0 mmE UEREon, Hi gxexte] 45 B Zhle) wupd 2 AAHE 2R AR Aevbs & Jow
YEolN Q) ws] gk 0% Uehdth 7t 35 Wik
Table 2 Errors for servo-motors of teat-cups attachment module. (unit : mm)
1 2 3 4 5 S
Teat-cup No. X Y X Y X Y X Y X Y X Y
1 (A) 0.9 0.4 0.4 0.6 0.5 04 0.4 0.3 0.7 0.3 0.22 0.12
2 (B) 0.8 0.0 0.2 0.7 0.3 038 0.8 0.9 0.6 0.0 0.28 0.44
3O 0.5 0.8 0.5 0.8 0.8 0.9 0.7 09 1.0 0.8 0.21 0.05
4 (D) 0.6 0.5 0.8 1.0 0.6 0.7 0.6 0.7 1.0 0.7 0.18 0.18
Average 0.73 0.40 0.37 0.70 0.53 0.70 0.63 0.70 0.77 0.37 0.14 0.16
S 0.18 0.33 0.25 0.17 0.21 022 0.17 0.28 0.21 0.37 0.03 0.08
% S : Standard Deviation '
Table 3 Errors for repeatability of teat-cups attachment module. (unit : mm)
Repeat No. -
Teat-cup No. ’ ! 2 3 4 > S
1 (A) 1.5 0.8 0.5 1.3 1.1 0.40
2 (B) 1.8 0.7 1.3 1.1 1.2 0.40
3O 0.9 1.1 1.1 0.7 1.0 0.17
4 (D) 14 0.9 0.9 0.5 0.9 £ 0.32
Average 0.90 0.87 1.27 1.73 2.10 0.21
S 0.37 0.17 0.34 037 0.13 0.12
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