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Force-controlled Metal Spinning Machine using Linear Motors

Hirohiko Arai*

Metal spinning is a plastic forming process that forms a metal sheet by forcing the metal onto a rotating mandrel

using a roller tool. A novel metal spinning machine was designed in which the roller is directly driven by linear mo-

tors. We aim to form non-axisymmetric products by controlling the pushing force of the roller so that the roller can

quickly track the changing radius of the mandrel. Our experimental results show that the linear motors substantially

improve response of the force control and non-axisymmetric products can be rapidly formed. Open-loop force control

without a force sensor was also studied. It exhibited a comparable performance to closed-loop control with regard

to the forming time.
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(a) Shear spinning

(b) Conventional spinning

Fig.1 Metal spinning
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Table 1 Specification of actuators

setup of Ref.[8]

servo motor

new machine

actuator for linear servo

roller motor + ball screw
continuous force 1000 N 580 N
peak speed 3.0m/s 0.17m/s

actuator for servo motor servo motor

mandrel + planetary gear | + planetary gear
continuous torque 14 Nm 3.9 Nm
rated speed 270 rpm 250 rpm
700mm
5 E
53
-
Stator
c x-axis magnet
£ 150mm
o
o
~
Gear Motor

Mandrel

Fig.2 Linear-motor-driven metal spinning machine
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Material

Fig.3 Photo of linear-motor-driven metal spinning machine

Table 2 Dynamics parameters of each axis

r-axis y-axis 0-axis
coulomb friction 100N 97N 1.0Nm
viscous friction | 153 Ns/m | 153 Ns/m | 0.07 Nms/rad
inertia 116 kg 43 kg 0.013 kgm?
Vx «
mandrel / roller

Fig.4 Force control of roller
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Fig.5 Mandrels (1: left, 2: right)
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Fig.6 Non-axisymmetric products (1: left, 2: right)
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Fig. 7 Shape of products (1: left, 2: right)
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Fig.8 Pushing force of roller
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1000 g O O O O success
900 { £ 8 2 Q Adistortion
800 4 =

fail
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150 180 210 240 (rpm)

Fig.9 Effect of pushing force vs. mandrel speed
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Fig.10 Pushing force of roller
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Fig.11 Pushing force of roller
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Fig.12 Relationship between F), and Fy
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m#ERE % 240 [rpm] FTEIFTH I —F 257 FLIVITEBHREL
W TE DL 2R L. < FLIVEHEEAT 240 [rpm] O
L&D Fy 0%b% Fig. 14 IR ¥. Fig. 13 & ~TEED
DEEEL Y, Fy 3RECELL TS, LA L Fig 11
(Faa = 800 [N]) @& 9 % LAFT I OARER 2T R S
N, ERIIO—F13v Y FUV»LFREENL LR, #
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Fig.13 Pushing force of roller
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Fig.14 Pushing force of roller

T =27%3 Y FLVICHLAHTTwa. £/ F, OT9fHEIT
637 [N], F,, OF4MEI 1,026 [N] T, HEMHEISEVES 2o T
W5,

~ Y FLV 122w T BV — 7 CHIEER % 1T\,
W% 60 [rpm] T TEIFSN L Z L EHEPOL GHLNTN
HEEMH Fyq = 600 [N], T—73%0) ¥y 5 0.4 [mm/rev]). T7%
bh, TV FLV1-2&B12, v FLIVEEEORIIZE L
TE2E, X (6) L) LHMAHLV—TIHIETD, J1tr
FE VL — T E OMREDEVIZR S ko 72,

RHETIE, BIEATRE R O — 3 LA ) O RFE B 25
<, DHHOREEIZZNILETELRLT LW, LA, B—
SHT Y FLIVOHECE) X120, oW LA o8 %
MR TELZLDII)IPEETH L. F-HIHIC L 2 HBIESE
HXT IS CULBEN D Y, ZE e DHHAsERI N 720, H
W—THHHDINT X — 5 ZBIERTN R DL b, EiEO X
I HEHIC LD, BV — 7T H PV — THIENCIEECT 5 tERE AT
ot E2oN5. SENGEEHIHIIRO A% ko 7225,
WHILROBE I —F OB & 2o TR E 2 5720, 1B
NRBEHETIOFENZL AL R Y, V-7 LHL—TD
PEREEIL S S ICHET B75A D).

N rHoax bRmAtE, 32 bu— IR OB S, i
DEZHEZEDEL L, BV — T HHEIE OBV — T
THLEHEOBMNEIRENESAE,. T2, THEOEE
HxE S HICEIT2701203, y i EEoEslbe) =7 X7
) Y BB EE S OKREDON— ¥ 2 THURDPLETH
59,

6. SS5ICEELR

AEF CIEEICNLHMOERICESTE S, EomEt
EVOBENS, R LZINTEROFMEiT->C& 2. 207
OMLOFEE LTHME LTEAY Y oA HY, <
F LV 3Tk [8] & M UBIEDSS A S RO b D% L
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720 LA L—FT, HEROFETITIMITAEE L A st o
EWELREZEIETE L0451, RICILICE TR
Lo Th, MIBOHBIESIIEASALWVWIEZ T HA.

ZFITRETE, BEFLVEEEEEZEZ LN, TNETAY
ST EAMIBIAR S N WBIRE LT, fAffaomk
Erika b, Fig. 15 ICHH L7z~ Y FLLVORIKREZRT. #
HiZAF LA (SUS304) T, T4 VYIEMLTHEESINT
W, T B L 30° &, KL DM AITER AR
3 [mm)], BEAELE 2 [mm] TH B, FFITHEH 2 @@ T 51512
O — 5 OEF DM EHEENIE L, F72IE P ERE
ThHAERT L EPEEICLL LTINS, 77 RES
1.0 [mm] E £ 150 [mm] ® 7 b 2 = AFH (A1100P-H24)
Thb.

MO, MiEFTEMUCLIEA Y 72X B #
LCh7, EEFMOMTE—FH LA T HEEESY Fq =
600[N], 2= %) ¥y F% 0.4 [mm/rev] L&z L7z, il
BIZBAN — 7T TR B D YD T4 — Ny 2 2FH L7214
Y=Y U ZHEEHVTWS, FENEIOEEENELT
b~y FLVEEEE 7.5 rpm] L IEF IR HRE L. &
BL LTI AEORIZTE 207275 Fig.16 O X 9 12k
2 OFERRA L CREMICRZEAEL A, FROEY), 0—F8
BEERVBRBMET, B—FE< 2y FLLVOMIZHKEIN
FMZERH R ELIND Y, WEAHE 7o THElK L7- &%
ZbN5.

SCHE 8] T, L& AE = 72 & o TR OO
W AS 2 U723 1s, 28 ATHIBT 5 2 &2 & » Tl &
T2 EaRLz, ThUE, BT 7 bEBELIER
VoV 7 %47 DT %L, ¥¥ FLIL LD b0k E Wi
EREAEY, KICHHEC LY ILe - %M LT, v
FLWVIZH - 2RI BT D & v ) HEETH 5. Bl oE R
R LM, SHb ZOfEPRHTE L LE 27

T PRIER 2 VR B 72012, A =2 7L (7 2/

%

:

Fig.15 Pyramid-shaped mandrel
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Fig.16 Fractured product

HADRY PRk 26 % 15

Wiz, Thbb, O—J% <y FLVofEf L [EE L ChiE
L, 9—I0HEOWERKICET A2 L) @ LT, ¥
YRLVEDBRRREVARBEERIET S, ZOGE, 0—
S OWEE KT H72012, O—F0 ¢ Hh), y FIAOELE
<Y FLIVHEES 0 5% b B0 T— 9 BLETH 5.

CZTIEHE—-FOMWHIEE HWTE YO~ Y FLVh LT —
YERIUS L7z, INTHE =7 % /RS W TY v B LIV
LT, Y FLLEZwos LY ARRS RS, T0EED o,
y, 0 ZEAHRL. ZOF—=%1F, U—FL <Y FLIHF=KTC
BIZHE L TV B 72012~ Y FLLVERROBIRT— 7 2D b D
TlERW, L2pLluo—5&< Y FLVAERICEML TV AR
DF—=F5HOT, T—IFHRIRKICEBWIESEZITH) 2 %L, I1F
FZ0FFu—FOHIEICH NI LDTE D,

EEBRTIE, mMTo—-Jo# LT % 20]N] &L T,
3.75 rpm] T ¥ FL VxRS, 1 #4720 100 5o
T—F EFEE Lz, AMEOIIRIT TS 2720, ¢ @I 3
EHT T O 7T — % 2 BUH L, @S oo 3EmasrIIc L i
RF—=FEFHE L. S5IZF—%I2+ 78y baz, < F
LLea—SoMIch s EREOREZ5 2 Tu— o F—
gL L7z, Fig. 17T ISR BFEFIKEVHHICBIT 57— 5 2R
T XY FUVOMOESG %@l T 5020 y A OB) X id
BN SN TH A, ThIO— T DEFETHVAIC L 528
LEIENEMENL 2O EEZOND.

A= 728w Tid, #ilIcX2mLa— 7o iER
EOII I B - B SR L C, EEEmiE - B
BEMZ7-PDHIEICEYMTE—F%2H@# L. v~ FLV
O % 75 rpm], %0 ¥ v F % 0.5 [mm/rev] &FEE L.
Z DB 56 [sec] TR & 35 (mm] DETETER DB AHKE T § 5.
Le—F 0 y 85 EE XK A 0.27 [m/sec], I LA
8.9 [m/sec?] 123&E L7z, Fig. 18 ICHBIMT.ORT % 7/RY

B S NBEERE, LZEAEZ Y 7oga0 L) 10
W25 Z e R B EN TV A, 7272 L HEESOR)S
1R 720 100 medil, e~y FLVICHLMATS
HLMEZ TV, BEEHENEL BV, Fig.19(a) T
BEERE <Y FLVE L =YL v TAF Y v LT —
y &Y 5. BRI IZ~ > FL VA S0k 2.9 [mm] iF
ELEN->TEBY, vV FLVERELPREE L TWEnZ LS
GIn5.

ZFITC, SHICHHICEME~ v FLIW LAY, AR5
BEEITS . TTICREDRIITESH A > TWBEDT, LA
TIIHERDSHEMT L WL D INESREET A I ENTESL, 22
TIEPEA MO LT BEEE Fyq = 350 [N] &&E L7,
~ ¥ FLVEEE%E 30 rpm], %9 €Y7 0.4 [mm/rev] & LT
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y (m)
0.07
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0,06 T T T T T T \( )
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Fig.17 Roller position data
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Fig.18 Synchronized metal spinning
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Fig.19 Shape of product and mandrel
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Fig.20 Product and mandrel

BIEEAT o 7. BME L5 2 & SR T b, B O%E
M~ FLVREIH LTSN THEIC > Twb I L%
MR L7z, Wi &~ >~ FLVORTERROLE % Fig. 19 (b)
VRS, BB &~ >~ F VOV & O 0.77 [mm] T
by, EMES Y FLVOBMOBREIZIER NS (ko Tw
5. BEMOAEIL 0.43~0.54 [mm] T, L 5EHH057
7> 7 OIEE 1 [mm] MO E 30° (24 LT sine [ [1] 2513
IERY. L TWwa, FRdhE <Y FLIVOEE% Fig. 20 12R7.
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7. #&

AV = V7L & 2 BENERIROBEEO&EEILE Hig L
T, V=T E=FTMTO -5 % E#EERBT A= 7T
a2 ICBRgE L7z, BRIEERIC BV C, BEMEERO~ >~ F
LIVEZINFEF COEELVIZLPICERSEFRIETEH, O—I°
XY FUVIGER L THRIENPTRETH S Z L el L. £72H
V=T KNG & 2 BIEWTHTEIRO BRIE % 8, IILREH 12O
TUZRV— TR ILES 2R 2 R § 2 & 2z, 2561,
Hiflie LTEAC= VIS CREMDPAL S, BIEOHEIE
TEARIZOWT, AR Y = 7L e DHNC & 24 EFBIEo
HAEDEIZE VBT L 2R LIz, B, KHrTHho
7EINLEEROHE) M1 http: //staff.aist.go.jp/h.arai/spin_j.html
NORETRTH 5.
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