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Development of Safety System for Positive Clutch Type Press

by Syoken SHIMIZU*, Soichi KUMEKAWA* and Shigeo UMEZAKI*

Abstract; Accidents caused by power press operation reach about 3,500 cases per year in Japan.
Half the number of these accidents is caused by positive clutch type presses, because this type
press has a structural inappropriateness as follows.

(1) A slide cannot be stopped at any position other than the top dead point in case of an
emergency.

"~ (2) A foot pedal switch is often used as a starting device of the press, which may allow hands
of an operator to move into hazardous area.

(3) A slide often overruns beyond the top dead pont when the function of a friction brake
decreases or the clutch pin is in failure.

In order to solve these problems, a sudden stop mechanism which can stop the slide at setting
position other than the top dead point, a safety confirmation mechanism for starting operation
and a mechanism to prevent the slide overrun are required. _

The new mechanisms developed in this study are described as follows.

(A) Sudden stop mechanism

This mechanism is composed of wedges, a ring with ditches, a light ray sensor and a mechanical
stopper. The ring is located between the flywheel and the boss. When an operator interrupt a
light ray sensor, wedges fall down and the ring is fixed by wedges. The clutch pin, which moves
with the boss, is slided out along the ring’s guide. Then, the movement of slide is locked by the
mechanical stopper, and the slide stops at crank angle of 90°.

(B) Safety confirmation mechanism for starting operation

This mechanism is composed of a connecting solenoid, connecting rods and a light ray sensor.
When an operator interrupt a light ray sensor, a foot pedal connecting solenoid cannot be
activated. Then, the linkage between the foot pedal connecting rod and the clutch activating
cam connecting rod is disconnected. The slide cannot move even if the operator steps on the
pedal. ,

(C) One-stroke one-stop mechanism with the preventing function for the slide overrun

This mechanism has a function of preventing the slide overrun when the ability of the friction
brake decreases or the clutch pin is in failure. This function is based on the action of wedges and
the mechanical stopper. The wedge falls down after the slide arrives at the crank angle 326° and
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the slide can be stopped at crank angle 90° by the mechanical stopper.

To examine the performance of the new mechanism, the test was carried out by using the

positive clutch type press with a capacity of 25 tons, 100 strokes per minutes and stroke length

of 75 mm. It was found that the sudden stop mechanism had a sufficient ability to stop the slide

at the crank angle 90°. The safety distance on this press could be shortened from 1000 mm to

219 mm by the new system.
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Constitution of safety mechanism.
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Fig. 2 Sliding out mechanism for cluth pin.
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Flow-chart of new type safety system for positive clutch type press.
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Timing chart of new type safety system for positive clutch type press.
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Experimental result of safety confirmation mechanism for start operation.
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BHb,
512 AHAZANZX L v/ DHRKDER
RIFETIE, Ev2RnBICRAT4 F28FES
HEIODEREL LT, A=A NRA My kEH
LTw3, 2OX L volid, £BMOYEERIC
IoTKRELHEHEZBLILNTHLI DL, &
WETIE, R by ¥oERkE, Fig. 11IIRTL5 %
Ik THED IR g OBk E L THELE/ ST,
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Configration of mechanical stopper.
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Fig. 11

BB RLEMERTONELHICLE, 2D
% Photo. 2 IZiRT, WF, THOBRKT, 39
OMEEMEAREE B, E_kE— A 2 [, 13D D
e BICEHTAMES P, PLERE r, 3D D
WHfEE A B2 h &L, R by XOMERM
oS iE, KRTEHEZ NS (fik 1 Z8),

§ = 3nPr®/2EI

= 187 Pr3/AER®? (3)

B, MV oEKE LT, ¥HTES 1/4H
PREIRT2HFELH DD, FHIT1/4AMHEEBELT
HoPICKRELHMOZ2ELBEEIFKEVWDT, X
My ook e UTEHZERL,

513 AHAZARR My OERHSEHEBRALD
31-DEH

W, ROF4 7739 FRTVADTZ F 78
%, Fig. 120 L) ICHEEERHs (R4 F, &
BBE) LRREEES (7778, 77078
£) caBL, HEEHNSNELE Py, TNEE
% Mp, HEEFHSNOELE C, ZNHEHE%E Mc,
SROERP My LT 5,

CF, B Yy, Y 275 7D IR LTS, K
Qa, Q #2754 FOLEFER L TIER L ED, [HlER
EF S OEMGETE—2 > V& J, 75 v 78D
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Photo. 2

Appearance of mechanical stopper.
AAZAN - X by sDHE

Rz, KRNTEZ B ELHTE D,
J d
g dt?
2T, K, Ah=ANR Ly xS mMELR
¥THY, K=2EI/3rr TH5H (fHsk2Z8H), F
7z, Tg (&, HEESTSIC/ERT2EL LEEND
WCERLTRETIME NI THY, 7771
BOARE? w, EJIMEER g, 77 v 7DHER
R, EEBEOREI % L, COMENILE A=R/L T
%L, Fig. 120 k) I2AE 0, ¢ 2EONE, Tg
RN e %5 (T8 3 ).

Te = [Mp + Mr)R - sin(f — ¢)/ cos ¢]

+Kp=Tg—-TF (4)

x [l — Rw*(cosf + Acos20)/g]  (5)

72721, 6=90°T&Y, R = 37.5 mm, L= 300
mm &9, A=R/L=013<K1THs»56, (5)K
I2EREAL3INT Ta= (MP+MT)R b, HIT,
Tr BEBR7V—FICL2HE MV THEW, &
NIEE DRSBRRESRGORILIC L VRNDET 2
RMETEAYD I, BREMELLT Tr=0&7
niE, QREFRDEHICEERZIBI LN TE S,

I &Y
g dt?
2T, w=(dp/dt) LT, (6) RTHMSKRMA
2t=00DtE, v=0,w=wy L LTHIL, X

Ne%i s,

b= “sin(qr) - Zleos(at 1) (1)

+ K = (Mp+ Mr)R (6)

F
w = wg cos(qg) + qf sin(gt) (8)
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Fig. 12  Model of crank mechanism.
IV IBBDET N
7272L, q=+/K-g/J, F =(Mp+ Mp)R T
H5,

(1), 8) Ri3, A H=ANZ by DIERICE ST,
75 7 HEM ¢ o—ABREIR L LTREET 2
EEBHRLTWS, ZOEILRTH, 777 13E
MFEEL-AEEZBZ THEET S I Eiddhw, o
T, COMETIE, B —&K7% T bigE
b HFIEEER L FIEAER, RICEET 5 ERE:
Bt (AA=HNZ v 0z k251 2ER Ui
HTH S, w FEHIZ0 &b TORRE) &£
BAE O (AHZ=ANR I vo8Ck 2 EIEER
LIBOTH L, w B0 L% 3 THOHE) 12
FoTEMETE S, chiD, ¢, I3RREL D,

1 —1 —Kwo
t/ =—-t _—
. an oF (9)

¥ = sin(gt') - 2 keos(at) ~1]  (10)

EETEWEMFEEHRE RIIS-RR-93

ZCT, AH=ZANAP w2 SIEHTAHE P D
BAME Pmax &, CHORITE>TX b ysYzELS
BTN o DEFKME omax 1, (3) K&, d=r¢p’ T
HhbrT L, R (wo/q) > (F/K) ThbHIteL)E
FiuE, (10) ROFE 2H\IIEHRTET, kRE L3,

AER? , [bEJh3
P = —_— == _—
A 1872 ¥ 18mgr3 “o (11)

. _ __]\_4_ _ 12Pma.xr
max Tz T AR

| 8EJ
- Arwgwo (12)

7272L, M i3 Fig. 11 DE O lcBiFaHiFE—
AN, Z@FAA=ZANR Ly OWERE, b (3
A My RDESTH B,
EEOMEETIE, J =42 x 10%[kef - cm?] (14
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r = 5.0{cm|, wp = 100[rpm] = 107 /3[rad/s] 75
5, b= 10[cm] D& E, Ppax = 7.7 x 102[kef],
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AHZNA L yo¥ (ME S45C) DREEfREIL 5.0 x
103 [kgf /em?]D LIEOFESRICH 225, R b v D)
B3 b 4% td1lem U ETHNZE, Zofr
PMUERENETLI LN TES, 5T, 4D
BMETH, R by DEE% b=10cm & LTFE
L7z,

514 RLEROKRE

(a) MFRERLKLEEELRALL 20RLEHE
B, KVT4 7779 FRTVACHEATES
TEEEEL LT, BFEHR WLKS 2BET
BLAT4 FHEEIL, WMLKRS v 2LF2ELT
b, LT TH, R4 FPTRTIHFR) %
SEBI BH D, COEBI, BELEHERE LTV
RKOT4 7779 FRTVARB TERMRD L
NTWBINTHY), CORSEERHERHL-LE
DELIERE D 13, 77V 2RO R4 EEEEES
o 3.2 fi (i) Rz LE, KORTHL S L
T&5%,

D=16x (In+ T1/2) (13)
= 1.6 x (1/N) x (60.000/f53 2 + v —27 )

+ 1.6 x (1/2)(60.000)/ 85 R + v —27 %)



ROT AT+ 79 FRITVAZBRBEE LIRSV RATFLAOER

72750, N@RYTF 47759y F0ENTAVE
FOBTHY, T i3, LR VE2H{LTHLT
VAR 7 Ty F I EET 5 £ TORERKE
(WArms) &, Typid, 779y FPEELTHER
S A R TIERICET 2 L TCORMERKER (BfL
ms) 2BWRT 5,

2T, (13) REHElL, AR THHRL LTV
AT BE BB LA L T WA E L
REETLL, AR bo—2 KA 100, N =2
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ZHITH L, AR THRL -3 FILEEL2R-
ROTFAT 759y FRTVATIE, EEEEL LT
HFRERNDELERE (777 AEN 6, £TD
B, MLRZ U 2LF 28T E, RERLLEE
BENRLIEELRILOFF &L -TRS4 Fid
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VAMIBRD 7 5y FHEET B COREIE, BF
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ERZEEBI L ABERIITON T B EEZTE
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LTREEITERHFTINOICETLRME) THE L
ZEEERTIE, RLeHEME, Dy=16xTy =
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E, REEBETIE, 254 FATREZEBDOTHS,
777 AEN 0 =65° kb THMIZ, BT
RIERZSEBEZ2W LT ILELHH05, it
TEEBIZLT,

1.6 x 300ms x (65°/180°) = 173mm (14)

DEMEIAHY T B, 7275L, 300ms i3, X554 FE
FErL (0°) 5 FFEE (180°) TR BT 2D ICE
THRETH 5,

3o, ERETREOESEY 6 mm LU TELh
3, WEREIZEL WD, COREEL DL, E
e 5 147° DfETH b, CHITRLIEEEICLT

1.6 x 300ms x (180° — 147°)/180° = 88mm (15)
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DFHEITHL T 5,

kXY, 458k, 960 — 480 — 173 — 88 =
219 mm &7 3%, TORENELBEETHNIT,
EERDELIIELDOTES LY, B EEl
RTED EEZ NS,

(b) RESABIEICHBRNLZLEBELEHLZLED
Erae et

RIZ, BREABIETTVIIEERIT W, ¥2EE
ELTEHRGREZEEELZ EBR L BANEK LR
2%2 5,

COHFERDOFAIL, KELOBRRL-AEIEE
T, ETOME2ELDLEEZLND, WY
b, WELOMETIE, RCERRNELZLEELER
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BLEZYLTD, AA=ANX by DfEAICLEY,
777 HE 90° ONETRATM4 FizEEIET 5,
Pe~T, CoBEEFERTIE, BREABRETTLV
ZEEZTV, FEEBE LTREEREZLEES
BIRTLZEDTMEETH B,
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D =24 x (T, + Ts) (16)
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LWEBATHY, O BENT AREHIYY, (16)
RD (Tp+Ts) ST EEELLND, Th&Y,
(TL +TS) Gié(it <\:- 7;:%’0
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= 137ms (17)

7275L, 300 ms i3, X554 FAHLEFEA (0°) #»
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TliE, BER T V—XORRAIPETLTZEE LY
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SUIHEICHNETRSA FIZEELETSE (272
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BRI »TRX5 4 FIZBEIET 5,

5T, B NVHEWERETIIH 57, EHESH
Y v/ 4 FoRERHEEES, 7RIV
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WESIREE LA, T, REEBSMEBAY V.
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274 FPEIET 2R E LTWw 5,

2) FEERFOELTEDHRE
TV ARO BB EEE PSR R L KB S
WHLzE &, BEZHFT LAV EELHERLL,

COMETIE, BEIEE (7— MWV ICERE
LEiEtE L, 75y FERIR Y & 1C#ERE U728
HORIZ, WEOBEERELZY, VEBELEY T
BLEDOEBENELEAV L/ L F2RITITwE, 2D
E)REEICLY, EERNEEEEIELINS L,
VYV /A FPEMEE ), MBEOEZIZVOEES
nNaizd, RICEFHEELZBRIELTD, X534 Fig
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EEEIEEEEZMUKEITTH, 274 F»° L
FERICEIE L B NEEIE SR
L7, '

CORIETIE, 7T v 7 R 33°DALE T, E)
BEREYVV /A FE2BEICOFF 52720, 75
VIWERBICRS &, 77y FEERRAALICLDY,
77w FELDEMEIIRBINCY VEEI NS, T2,
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A= HNZ by XOERICLY), XF74 FIZEE
k¥ 5,

D botgEsEhGEND 25 by, oA bu—2
BAH100E, A bu—2K3H7 mm DRIT 4
T2y FRTVARER L Z S, BFRER
NEEEBEELERLHAE, T2EEE 219 mm
FCREHETE R, 272, RBABRETTV XEXZIT
W, BEEBL LTRBRRNOLZLEBEERH LS
A, REEEY 329 mm FTEMETER, JHIC
L, BEEEELEH LW ERS LV ADREIER
i 1maEL L% b2 0, AEEOMEAICLY), A
B2 ERALCHERCE CEETE S a7,

¥/, BBFEOSFILEES TR SRS, B
BR7V—XDRIPETLREY, 279 F EVB
BLR2DTBE, 254 FHRafkTaEL{Lo7
D, TEELEELIEANH LY, FHETHRE
L7kl L, RICEER 7V - ENict -7,
739 FECHPREBELYLTY, NMEo—FH» A
BIBRWICBALLREER, A=A NVA by 23D
fERICE-T, 257 7BEICOMETRIA FiZ
BELET 2, COBBIEERELEELERT S
Zricdy, RICEEABIETH->TLIELITEE
AT VAT LD REE L 7 - 72,

@

ARWEFTAEI I Vo 7272 72 UF ST DAL A B AL
RE, BREBRTMERRE, HWHEFERICEHKL
Yo 72, KEDRMEIER N WA ATHER
TR BEELE Y

(8% 1]

Wi, Fig. 10 D& ZRD THD 3D 1 o—i
O #EZEL, fhif BICEAMNE P 215 &,
(R, ¢) EEEZRD L )itk bbb TiUE, # 27
VT OEBED LD, THYIZ) ) OOV TAT
AN U Z, KRTEHEZ N5,
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0

7272, M I3E (r, ¢) DILBICBIFaHIFE—
AP THY, T FRENDSCBITAME _XkT—
AV, r MDD OERE, E i3 THYE. %

BT AR O ERE, U D iE)oe0d
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CZT, M =Pr(l+cos¢) THbHILEEETH
i, (A1) RBRDEIICEEHRI DL LHFTE D,

- U= /W[P2r3 - (1 4 cos ¢)?/2EI]d¢
0

= 37 P%r3 JAEI (A.2)

PUEXY, RBRBUISHELFMDIZbA § i3,
XKATEZ N5,

§ = dU/dP
= 3nPr3/2EI (A.3)

T8, UEOBRTIE, 3) OWE-TEITER »
W LTHhInI e L, o, LA RUEA
DEIIERTELLDLRELTEY, (A3) R
ELETH 5,

[1F8% 2]

Wi, 770 7BBOREEAES ¢, 75 v 7 HE
KIERT A MV 2% T, 3EIEEED S/ERT 28
Eh%E P, Ay SOYEE v, A by Db AR
6§ L3 BL, ROBFRIFHKD I,

T = K¢ (A.4)

T = Pr (A.5)

§=rip (A.6)

§ = 3nPr’/2EI (A.7)
UEDBEBERNZREAT, XXN2H5,

K = 2EI/3nr (A.8)

[448% 3] ‘
W, Fig. 120k9512, EAB%275 70
FER L THEE, HP, Q#RX54 FDOLESEL L FFEA
EED, 777 D¥RE R, EBEBORIF L, =
DWEDLE N\=R/L TEL, 75 78HE% 0,
HERBLEZT 4 Fd (R0 OQ) nZudH% ¢ &
T, BEEFSSONE z 3, KRE% 39,

z =PQ — (0Q — OPy)
=2R - [(R+ L) — OPy]
= (R— L)+ (Lcos¢ — Rcosf)
= R[(1 — cos8) — (1/A)(1 — cos &)] (A.9)

= R[(1 —cosf) — (1/A)(1 — /1 — 22 -5in? 9)]

FEXTSWEFITEEHRSE RIIS-RR-93

(A RTIEL A1 DEE, /1-22.5in%0 I
FERETIC 1—(A2/2) -sin%0 LEBEHRI B2 LHTE
%, %72, sin0 = (1—cos?60)/2 Th dH b, (A.9)
NN &% 5,

z = R[(1—cos0) — (\/4)(1 —cos®60)]  (10)

CCT, w B7 57 HBOAEE L THIE, 2
T4 FOBE v LIEE o i3, KRE%210,

v = (dz/dt)

= (df/dt) - (dz/dB)

= w - (dz/db)

= Rw[sinf + (A/2) -sin® 6] ~ (A.11)
o = (d*z/dt?)

= (dv/dt)

= (d/dt) - (dv/df)

= w- (dv/dB)

= Rw?[cos 8 + ) cos 26] (A.12)

R, EEREEBLERT 2 hokE8% F &
TMEE L g, HEEESHSOERS Mp, £RNE
Bz Mr Ly, HEEHTSOEHHFERE,
RAEL B,

(Mp + My) d’=z

7 ol (Mp+Mr)—F cos ¢ (A.13)

61T, (A1) R F &, (5) RD Tg i
i3, LOCPz=0—¢ 7505, ROBUEHH 5,

Tg = R x F -sin(/OCPy)

= FR -sin(0 — ¢) (A.lzi)

UEOBIRE b, To #HITE 3,
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[$8% 4]

wE, 725270 GD? ¥R BT, 7507
MOBERE d, 77V IMORE R 2, 77V VERE
M, 73 v 27EofELeE d LU, d=110[mm],
z = 190[mm], M = 13[kg], d' = 37.5[mmk] 72/
5, GD? BRR L% 5,

GD? = 3100 x d* x z + 4M(d')?

= 0.167[kgf - m? (A.15)
Ci’LJﬁ V), 'E’[‘E-‘E—X v ]‘ J 6i,
J=GD?/4
= 4.2 x 10%[kgf - cm? (A.16)
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