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Outflow Weight Sequence Control Realizing Automatic Pouring Robot with High-precision

Yoshiyuki Noba”, Kazuhiko TERASHIMA , Makio Suzuki™, Kunihiro HASHIMOTO

This paper presents an outflow weight control of tilting-ladle type automatic pouring robot in casting industry. A
sequence control has been widely used to automatic pouring robots. In this paper, the sequence parameters are designed for
suppressing the splash of molten metal and filling the molten metal into the mold precisely. At first, dynamics of the pouring
process is modeled by using mass balance and Bernoulli's theorem. Then, in order to suppress the splash of molten metal
during the pouring motion, the pouring pattern which has two step’s flow rate is used to reference pouring pattern. In order
to perform the pouring motion at short times and reduce the error between reference outflow weight and real one, the
sequence control parameters are then optimized. The effectiveness of the present system is demonstrated through

simulations and experiments by real industry plant.
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Fig. 1 Press Casting Process with Greed-sand Mold
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Fig. 2 Tilting-Ladle Type Automatic Pouring Robot
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Fig. 3 Inside Dimension of Ladle

Outflow Measured Outflow

Reference Angular Velocity Weight Weight
Angle 6, ]deg] o{deg] wlkg] wilkg
S [ P
Motor Pouring Load Cell
System Process

Fig. 4 Block Diagram of Automatic Pouring Robot
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Fig. 5 Parameters of Pouring Process
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Fig. 8 Outflow Weight Sequence Control
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Fig. 9 Splash on Pouring in Press Casting Process
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Fig. 10 Simulation Results of Outflow Weight Sequence Control

(a=0.82[deg/s], b=0.17[deg/s], c=0.40[deg/s], A=0.17[kg],

B=0.8[kg])
D FE TICHFHDR D)o TND T EPFERTE 5. T, #
Gt EOINERENEE TH DL Z L ER LTINS,

2T, ELGWMHEEN 0.8[kgliZEE L7k OEL &

FRED B 572010, TEMEBIARELZEES 50 —7
VAT a vyl (= U RGN A — & cpgqldegls], I &
O Coaalkg]) ZIBINT 5. EREHSAE TSR 2GR ERE
23 0.8[kg]iZ i L 72 % O 1S i B 4o F(q.=1.50 X 10" [m¥/s]) %
WP o ERNERE 2D LI, —F v Al
T A —4 Caaldegls], Cadlkg]ZRkD 5. &2 T, (A3)KXITR
FTREM R E B/ MET D 78T A — X caqq [degls], B X O
CaaalkglZ kD 5.

N
J==>w, +J; (13)
i=0

Z 2T, wylkglid, G)RITRT L DI, G R A KRR
SLEHHERTHS. 72, mF 1%, A)RUTRT LD
(ISR 2> & i 3 2 R A o0 Wit HY BR 46 £ G deg] o iR &
AQdeg] THEILIZBEOY o T EFESTH D, Jp 151
FAETHY, (RO SNARVBAIT 1p=108 28
Hzbhb.

Oei < Uccondn (I = 0!' " N) (14)

Goconan[MS]IE, FREFEME T ICH51F 2 ML IHE R 0.8[kg]
W L% O RS ESIA50X 107 [m¥s])TH 5. (13)=
R TR B S D R/ IMEIE, /XT A —4% Cuglkglizxt L C,
PRIZHPH 0.8<Cogg=3.00[kg], %I#l@ 0.01[kg]& L, 73T A—
2 Cugaldeg/slicxf LT, PRERFIPH 0.40=c,9q=2.00[deg/s], Xl
ZE 0.01[deg/s] & L CEEIRBR AT 72, ZDORER, /T A
— & Cuyq=1.22[Kg], ¥ & N Ccoqq=1.46[deg/s] & 1F7-.

T, Y= AT A —% (a=0.82[deg/s],
b=0.17[deg/s], Cagq=1.46[deg/s], c=0.40[deg/s], A=0.17[kg],
B=0.8[kg], Ca.i=1.22[kg]) ZHWT, H&Hv Ial—ay
L72f5 8% Fig. 11 125R$. Fig. 11(a) I3 EmEE) M TH
D, (WEESREEZ AT, Fig. 11@Q1™7FT Lo, v—7F
VAT By 7 OB E Y, 13T ITIZ R T B EE A

215

=,

=

:

v

705

=

) ‘ (b)
< 0 10 20 30 0 10 20 30

Time [s] Time [s]

Fig. 11 Simulation Results of Outflow Weight Sequence Control
(a=0.82[deg/s], b=0.17[deg/s], Cagq=1.46[deg/s],
c=0.40[deg/s], A=0.17[kg], B=0.8[kg], C=1.22[kg])

HENEMLTEBY, TNZXE->T, Fig 11(b) TR L 91T,
EGMENERLI LB ER > TS ENHERTE 5.

5. 3 MHEEENERELZEMELIZ/ATA—
2 DEZET

HiERHERE~EEEIC, »OoZRIRET 572012,
Fig. 8 IR TIRMMER Y — 7 AHlED /3T A —% Clkg],
BLO Dkglx &5, 22T, ZFRVETIEIEERTTH
ols, BEEECRT LIV —F AR AT X=X
dldeg/s]iE B EhiES; = AN~ b DB KA H E-15.00[deg/s] & T 2.
RE SV EMT- L2 T, milESE EBT 501, v
—Jr v AHIE ST A —% Clkg], D[kgliZ, (15)=IZ <9 FEAM
B A R/IMET B L THELNRD.

M

I=2 2T+ (15)

N
i=0 j=0

T, Tylslid, ESREEART. IRT 0L, Q)RR L
7o & O ITESRA & Fi T 2 RIS O i HH B AR 4 & O[deg] o> &R
ZAQdeg] THREHEILIZBROY o NV EE S TH D, IR I,
R EFSRAFIVIC R 3 B AR B wig[kg] 0 #EPH 2 Aw[kg] T4y
B LIZBEOY I VRESTHY, (16)UTRT.

thj

:WM+JAW (j=01---,M) (16)

ARFGTIE, RFSMIVED, wg=5.40[kg], Wigm=13.00[kg] T
HY, Aaw=02[kglET25E M=38 L7225, F7z, I~
TAHTHY, WNROEMHEWZTZ LN TERNWEEIC
=18 E 26N 5.
HWLij (Tfij ) - thj H S Werror !

(i=0,--,N, j=0,---,M)
wilkgl i, QD) DA > F L0 BT B i H B A
Oildeg], B X OAB)RDOY > 7V j ki 5 BIERIHER
Wigi[kg] TIESS L 72 BE O B A & it i L 72 i o it HH 8 B C
H5. ANRUIRART MBI O f/IMEE, 737 A—% D[kg]
WZxt LT, PREREIPH 0<D=2.00[kg], %|#1ig 0.01[kg]& L,
T A—% Cldegls]icxt LT, {R#E#iPH 0=C=2.00[kg], %!

a7

103



2 o 730
3 )
z S 2
g 20!
TOJ 10 :t
Z15 215
2 ® 1o
2% 10 20 30 % 10 20 30
< Region of Genratiing Splash
: .?Db ...........................................
- 3
‘E B4
o
2 =
ez 0, = 2t
2 :
= 5 : (d)]
=% 10 20 308% 10 20 30
Time [s] Time [s]
Fig. 12 Simulation Results of Proposed Sequence Control
(Target Outflow Weight 5.48[kg], Tilting Angle on Starting
Outflow 23.30[deg])
Z+E 0.01[deg/s] & L CEEIRRAIT o712, ZDORER, /T A

— % C=1.48[kg], & T* D=0.60[kg]» %57z,
5. 4 REFIEICRATLOYZIaL—D3Y
BEHE AT 2D I 2 L—a UiERE Fig. 12 (R
T U2 b—Ta UL LT, B S ORI
)13 6,=23.30[deg], HHEHfHE R wg=5.48[kg] & 4 %.
Dy Ialb—ra L, BT8GR EEERE
F&thE LTS, Fig 12 (28T, (a)i B s /4 5 g
ZaRL, (D)XESEENARE, CESHKE, d)IXRHER
Y. Figl2(c) TiE, TEGIREARRF&MF | DU G MREH
HISME A LTS Z ERMRBTE S, 22T, Fig.12(c)
K%éhé&%ﬁ%ﬁ,%%mﬁm%*@’ﬁbf RO
HOLFER Lo TS, ZHUE, —E0BEMAEEICZH VT
%&%ﬁ%m%mﬁé@ﬁnhw,E%mmﬁgﬂk%w%
BITIEL R D, WERBINHI ST 2 "THE
AR CIRETHMBE RS —7 » AHIEE, BEREEREC
BB, HEDY =7 v AT A—=FEHAND DI
Figl2 v I ab—va UERO X O 72 BRI E A /NS
WIFEITIE, WIETREUMHI SR LT, RO H D 1S
mERD.
IO¥Ialb—ya RN T, IKRHERIT
541[kg] & BIE N EE~EREEICEG T2 R TEH D
&mﬁmént.@%m%@ﬁ%ﬁm%%ﬁﬁ%
0=28.0[deg] ~EH L7-5E 121, ok E &1L 5.57[kg] T
by, BERHER 5. 48[kg] IxP LT, RISV AT
F0.1[kgJLANTH D Z & B3R S iz,
&R 5% H B A 8 FE & 6=27.0[deg], H ¥ i 1 E &
W=13.00[kg] & L7ZBED v 2 L—v 3 VR % Fig. 13 (2
R, Fig. 13128\ T, (a)~(d) DRI, Fig. 12 & FEETH

-
—

MR 5.

104

4 —40

g g

2 230

£ 2

v <

z 2020 -
= | = (b
<%0 10 20 30 0 10 20 30

Region of Generatlng Splash

Outflow Weight [kg]

20 30
Time [s]

20
Time [s]

10 30 10
Fig. 13 Simulation Results of Proposed Sequence Control
(Target Outflow Weight 13.00[kg], Tilting Angle on Starting
Outflow 27.00[deg])

%. Fig. L)~ T L 912, BMKMMERIL 13.10kg] & B

R B SR LC, £0.1[kg]BAN & @R ICIES TE TV

DI LIHERTED.

6. BHICKHEEFER
BEREY 2T 2 FE L -EEESEe Ry FE2HWT,
WHIC L DG EREZITS. BEWHEERE, Fig 12 27
THEGY I 2 b—Ta L ARRIC 548kg] THDH. ZOES
FEBRTIE, EGMOBSRNIESGERIE, 59.19kg]l TH Y,
R S E S AW HBIA A X, 23.3[deg] TH B, HE
Bafkk B % Fig. 14 1RT. Fig. 1412BWT, (a)ik, TaROfH
@%ﬁff&é EUm RS A 1L, BmEE A — R —
RO onTnde—4Y) —zra—FnbE5ni
ﬁ%%ff B o, HEEFICEBIEEMY LD THS.
Fig. 14(b)ix, v —# U —x= > a—&(2 X 0l S 7 i
FAECTHY, O, v— FE/AIC kG &= B
S LIS OMEERTH S, Figlac)ickB T, i
IFEGEROMRE R L, L, BEEGe Ry MoEE
FLERWEY I 2 b—y g URERATRT. EERTIE
B EECIREE (6=0[deg]) (ZBW\TC, ¥H% BEICIES,
FO%, BERENOELGFEREZMKBL T D729D, 20[s)
fHEIZBW OGRS L Cnd. £2°C, Fig. 14 T
i, R SIEENTHE L TV A EEOERST — & (10[s]
~35[s]) OERT—F &9, £72, Figld@IZBW\ T, #%
O B EN MR B 1, A XOFETHIRE L2,
FESORSEENAEEIY, o3I 2 b—3 3 VR LR
|Z-15[deg/s] T 5. Fig. 14(c)?d 29[s]FHficB VT, B— K
X s THII SN ERICKE RIERLAAET TN D.
T, BEREEIESE SIS, BEO BB OEE



o ~c
e kel
o D
= =
= 2 20f
'S =0
<! S
E <
. _énl.‘r
5 E .
< qO 20 30
g
= __6'
=111
=
= 4
=)
2,

2 25

Time [s]
Fig. 14 Experimental Results of Proposed Sequence Control
(Target Outflow Weight 5.48[kg])

Fig. 15 Pouring by Proposed Sequence Control
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Table 1 Parameters of Sequence Control by Proposed Approach

Allowable | Alkg] Blkg] Caslkg] | Clkg] Dkl
Error of
Outflow
Weight [kg]
+0.1 0.17 0.80 1.22 1.48 0.60
+0.15 0.17 0.80 1.22 0.81 0.72
a[deg/s] | b[deg/s] | caw[deg/s] | c[deg/s]
0.82 0.17 1.46 0.40
0.82 0.17 1.46 0.40

Table 2 Simulation Results by Sequence Parameters in Table 1
(a) Allowable Error of Outflow Weight: #=0.1[kg]

No. | Tilting Angle | Target Error of | Pouring
" | of Starting | Outflow Outflow Time [s]
Outflow [deg] | Weight [kg] | Weight [kg]
1 19.00 5.40 -0.01 10.18
2 19.00 13.00 -0.03 19.25
3 28.00 5.40 +0.09 9.59
4 28.00 13.00 +0.10 17.46
(b) Allowable Error of Outflow Weight: =0.15[kg]
No. | Tilting Angle Target Error of | Pouring
" | of Starting Outflow Outflow Time [s]
Outflow [deg] | Weight [kg] | Weight [kg]
5 19.00 5.40 -0.01 9.91
6 19.00 13.00 -0.03 18.96
7 28.00 5.40 +0.10 9.38
8 28.00 13.00 +0.15 17.28
Target Outflow Weight
Sim. (No.8) 4
= 1 - 15210
=] = .
ED «E | Sim. (No.8)
o v
=05 E Sim. (No.5)
z 0.5
E Sim. (No.5) -u—? (b)
0 : 0!
0 2 4 0 2 4
Time [s] Time [s]

Fig. 16 Outflow Weight and Flow Rate on Back Tilting Motion

in Simulation
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