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Robotic Metal Spinning

— Shear Spinning Using Force Feedback Control —

Hirohiko Arai*

Metal spinning is a plastic forming process that forms a metal sheet or tube by forcing the metal onto a rotat-

ing mandrel using a roller tool. This is a study on metal spinning applying robot control techniques such as force

feedback control with the aim to develop flexible and intelligent forming processes, and to expand a new application

area for robot control. An experimental setup was developed for gathering basic data on the forming process. Some

results of preliminary experiments are presented. The influence of the clearance between the roller and mandrel is

also discussed. The author proposes applying hybrid position/force control for shear spinning, which is free from fine

adjustment of the clearance. The effectiveness of the proposed method was experimentally verified.
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Fig.2 Experimental setup
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Table 1 Specifications of each axis

x, yaxis | 6 axis
Rated Force/Torque| 580 N 3.9 Nm
Rated Speed 100 mm/s| 250 rpm
Resolution 0.5 pm 0.009 deg
040 mm
:
n /4
<t
$120 mm

Fig.3 Mandrel

N
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6H It T xEETL. v FLIVORIKE Fig. 3 IRT.
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F L& —EfdE i S8z, Lo gsEl, €%
EifaeHE, e HES, Bt ETEREL.
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¥ FUVANECiR> 720 — 7 3% ) FIADTI D5 % Fx, ¥ b
VNI BSOS % Fy, <> FLOVEERHE 05

JRSJ Vol. 22 No. 6

—110—

v ]
F
mandrel /('/K )
material
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Fig.7 Forming force

FIOBs % Fr LEFT 5 (Fig. 6). Hililx 0— 5 0% 260
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Fig.10 Fluctuation of forming force
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Fig.12 Clearance between mandrel and roller
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Fig.13 Height of flange
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Fig.13 13, L—¥RWEL > H X EHIL2z75 VD
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BAMIAET LTS, —J, TS OYETEST
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Fig.14 Pushing force Fy

Fig. 15 30 =5 0% 0 J) Fx TH 5. BHEAH 0.4 [mm] L
L@“A’@Exﬁﬁﬁu,:@’&#%%Lb@%iﬁ%#
5. Bl 0.25 [mm] O¥AEITIEE D TIIMOBAE L D b/ EL
%5,

LB, —DODFEMEIIODNTEHE 3 AT O TLEREAT - 7225,
=D& L TE LbDOFEDHFRE, LbogEILmLIl
DB L CIZFEAAOI TR 5, FERRICITFEH
PEDSFRD BTz,

RIS, EAEEEL — WA (50FRE S 0.1 [um]) ZHWT< >~
FLOVENTE A & B4 T £ ToMBEZE L, BEsh:
HHONEE LI L7 (Fig. 16). FFIfME T A7) v 7
nva(ﬁﬁuia&%%w?b)Vib*ﬁﬁvykvw#
LIFVWTWAB I LAhs. BMEORZEMEI/NE L R BIZER
TN TNy T id‘f‘(iﬁp) OQS[mm]@}:% IR L EWIE

PRBEIBON TV D Z EPEMIT SNz, Zo%a, BN
E%%ﬁ?%t%ﬁtv/b»»@ﬁhim&mmmqumm
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bRz e L, BHAMNE %2135 D 0.25 [mm] D
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(Fig. 17). K oM#iEX (1) KL WEQOBGRMEE RS
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Fig.15 Feeding force Fx
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Fig.16 Shape of products

i 0.25 [mm] D4, EEOAEIZH 0.55 [mm] TIFITH
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Fig.17 Thickness of products
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FLVIZEESELIETHEONLNS, v FLvko—3
DRNCHELRAIES DRI 23T 5D TR %, MU TEM%
<Y FLVIZH LT TR S wWEEbNS, 22 TH 71—
RNy 7 I O % 5 5.

B OFHE LT, MEEHONAL 7Y FHl#[12]) %
M, = FUVAIEIC T 20— %) Hia X I LT
EAERIEIC L ) —EE Xy TTe -9 4% BH L, v~
R LIV RS 2 A T DWW T e — 5 o LT
J) Fy "—%fl Fyq &7 5 X9 2HIT 5. (@EHEIcow
TIEPD 74— KNy 27, AFIEIZOWTIEPTI 74— FNv o

BV, BEENIU FTO L) 1c£sh s,
f[”]f +f (2
RN
¥ - MJ! kvx(Xd—X)—kax(Xd—X)
P 0

e ° |
e Fya+ kpr(Fya — Fy) + kir [ (Fya — Fy)
2720, fa, fy &z, y SIOBRET), M I3z, y SHOEMEATH,
J T zy BEREEE XY EEEMOEMATH, kox, kpx, kpr, kir
74 =8N 250 THhHDH, U—FIE—EHCEBHES)T
L7z@, NEEER 2 4 ) JNHIEENc Rz v,
COFIHEI Z HWTAY = Y FINT % 4To 72, B—F %0
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Fig.18 Forming force
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