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Development of Safety System for Positive Clutch Type Press
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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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Fig. 2 Sliding out mechanism for cluth pin.
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Experimental result of safety confirmation mechanism for start operation.
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AEICHYT S), AMEETIE, R bo—2&kDES
TH5 375 mm B EEEIEL LTRELR,
B, EBOMEETE, FRRAVRY EFTICHE
AZNBEIZRST, T/, MIHOREIZ 3 mm
PHZABALHINT, DL HHEAIITIE,
NoDFEHEERLT, BFLENEZRET HLE
BHb,
512 AHAZANZX L v/ DHRKDER
RIFETIE, Ev2RnBICRAT4 F28FES
HRODORELX LT, AH=HANZA by EHEH
LTw3, 2OX L volid, £BMOYEERIC
IoTKRELHEHEZBLILNTHLI DL, &
WETIE, R by ¥oERkE, Fig. 11IIRTL5 %
Fko TR IE) ) OFKE L THERFLET,
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Configration of mechanical stopper.
AAZHN « R P yiOFHK

Fig. 11

BRAOBRLEFMEBETOLND LT LI, 20
5% Photo. 2 IZ/RT,  WE, TOBKRT, 39
DML RS % E, ITE_RTE— A 2 1, 139D
e BI/EHT AMES P, FLEREE r, 300
WrEEE A, B2 b & 3IUL, R by osofERE
D613, KRTHEZLNE (& 1 B8),

§ = 3rPr3/2EI

= 187 Pr3/AER®? (3)

B, N oEke LT, ¥HTELS 1/4H
PEIRTAHFELHSH, FHIF 1/4AME LT
HOPIZKELHMU 2 E UBREEITAE DT, R
Py oK E LTCEHZER L,

513 AAZANRMyOERHS EHBRALCDH
31-HDEME

W, ROF4 7779 FRTVADZ 578
Bz, Fig. 120 L) SRS (X714 F, &
BHEE) LREES (7778, 757078
%) caEIlL, HEEEFNSOELE Py, TOEE
% Mp, RIEEHHIDOELE C, ZNEEE Me,
SRHOERP Mr LT 5,

CFER, B Y, Yg 277 7D LFER LTS, &
Ra, Qp AT 4 FOLJEE L TR LED, HER
B OSMBLEE— 22 o J, 7T v 7D
BizfEz 0 (LFERZERA) 7203 ¢ (0=90° %
FRET 5, b, vy=0-90°) £ 35&, 6=90°
(B, o =0°) R8T 5 2 F g0 EE H#2
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Photo. 2 Appearance of mechanical stopper.
AAZAN - X b ySDSE
Nit, KRN TEZ B LW TES,
J d%y
——= 4+ Kyp=T~T 4
) e +Kyp=Tg—-1TF (4)

T, K, AA=HANR L v S EHIER
BTHY, K=2EI/3nr TH5 ((HEk23W),
72, Tg &, FEEEESICIERT 2EL LEBEH
ICEBEL TRETIMENLITHY, 725074
BOAEEL? w, ENNEERZ g, 77 70 FRR
R, EHEHBORI% L, COWMENLE A=R/L T
#L, Fig. 120 &5 IHE 0, ¢ 2EOHNI, Tg
RN %5 (T8 3 28),

Tg = [Mp + Mr)R - sin(f — ¢)/ cos ¢]
x [1 — Rw?(cos 8 + A cos 26)/g] (5)

72720, 6=90°T& Y, R = 37.5 mm, L= 300
mm &Y, A=R/L=013<K1Thshrb, (5) X
I3 NT Teg= (Mp+M7)R t70 5, 51T,
Trp 3BEERA7V—FICLaHE L7 THEW, &
NI DREBRPTRR G ORALIC L VBN DT 2
RMETHEAWDLPH, BBEELT Tr=0 &7
i, @) RFRDEIICEERI B ENFTED,

2
g‘dgg‘i‘Kw:(MP"‘MT)R (6)

ZZT, w=(dy/dt) T, (6) RTHIAZKM
Pt=00D¢E, v=0,w=wy & LTHEELL, X
Re&% b,

b= Lsin(a) - Zlooslat =1 ()

F
w = wy 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
HHFIERM & FIEAE L, RICERT 5 EH@E:
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 —Kuwg
t=2¢ 0
. an oF (9)

¥ = sin(gt') - 2 keos(at) ~1]  (10)

EETEWEMFEEHRE RIIS-RR-93

CCT, A=AV vy SERTAHE P O
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, = - = -
mEX T 187 ¥ 187rgr3w0 (11)
. _ __]\_4_ _ 12Pma.xr
max Tz T AR

| 8EJ
N 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
4 B8]) , E = 2.1 x 10%[kgf/cm?], h = 3.5[cm],
r = 5.0{cm|, wp = 100[rpm] = 107 /3[rad/s] 75
5, b= 10[cm] D& E, Ppax = 7.7 x 102[kef],
Omax = 3.8 X 103kgf/em?] %%, ZhizxL,
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
LBLERFA FHEFL, LRSIV 2LF2EELT
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) /4G5 R b 10— 7 #)
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727°L, NRRYPF 4775y Fo@FA &
FIOBETHY, Ty i3, LR L E2RHLT2LT
VAKRD 7 Ty FHEET 5 F TORESKRE
(WArms) &, Typtd, 77 v FHERELTRLR
54 FHTIRITET 5 TOMERKREER (B4
ms) ZREKT 5,

ZZT, (13) Rz &z, RFRTHFLLETV
2O BELIEEZE L T WA R LHHEE
PEETLL, AR u—2 K5 100 E, N =2
ThBEPLH, DiF960mm 7% b, Zhit, 1lmiE
WEAHHAPERTLIDTH LD L, EBEDEE
WD EI HEEEBEEEHT S &, EEEIIHEY
BETIbLEILNS, ,

chizxtl, AETRRLEFIEEELFE-D
ROFL T 759 FRTVATR, BEFEEL LT
HFERERNDLLEE (V5 7AEN 6, £TD
B, LR U 2LF2EETE, RMERALRLEE
PEXL2EEZLRILOFF A LA ->TXS54 Fid
BELETEY, 77 7AEN 0, BB L, L
REIVPLFRHLCY, LETTYL, X4 F
HTHETBEHR) OFEHAFTETH), THLED
RLMEEEL, KDL ICk B,

F9, COEFRTIE, LRy 2HLTH2LT
VRBRD 2 5 v FHERET 5 F TORRMII, AT
BEZRE T IREFH LD L, CORMIAF2E
ERBZEEBIC L IERIITON TR EEZT L
{, DL %, Ty =300 ms (X5 4 P LFEHED
LCTRHREEITE2RHFTINOICETLIRME) THL L
< EEERITNE, KL2EHIE, Dy=16xTy =
1.6 x 300 ms = 480 mm 72158 < & 5,

i, REETR, R4 FFETEZ2BOTH S,
7TV 7AEN 6, =65° kb FETHOMIZ, AF
BAERLZLEB 2 LT A2LEND S5, Thid
REHEREICLT,

1.6 x 300ms x (65°/180°) = 173mm (14)

DEEHEICAHEY T B, 72770, 300ms i3, X554 FL
FEEL (0°) &5 BB (180°) £ T2 BENT 2 DICE
TAEMTH B,

Shiz, FRLTRMEOERS 6 mm LT &
W, JWEREIZEL WD, COREELZDIE, L
FERir 6 147° DAETH b, THITKELHEREICLT

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

kXY, 4T, 960 —480 — 173 — 88 =
219 mm &7 5%, TOBRENLEEREETHNIT,
EROELRIEDLDOTES LAY, B {eEEr
R TEREEZLND,

(b) RBABRIEICABRLZLEBLERALLED
Ere et

RIZ, BEABRETTVIEERITW, K&EE
ELTIERBREEEEL ER LB ADE LR
2E2 5,

CHHFRDIFAIL, KELOBERL-EZEIEEE
T3, HETFOMEZELD L EEZ LN, B¥E
5, RELOMETIE, RCERRNZLEELZER
T2&, TEERX7V—XDRNMET LY, 7
FvFEVFBEBLNTRE, TERBELSE
BWEHBIDTH b,

ZhiZH L, RFRTHERLCEETE, RICE

 BRTV-XORAPETLRLY, 779 FECHHK

BLEOLTY, AH=ANR My DfEHICLY,
77K 90° DNETA T4 FIZaEIET 5,
H->T, TOBEFERTIE REABETTV
ZEEEZT, FEEBL LTIIERRZLEES
BINT B ELHEETH B,

CDOFRBEDOTTHOELIERE D 13, Litfasto 3.2
# (1) R kg, KRTHEL LR,

D =24x (Ty +Ts) (16)

T, Tp i3, (EEEFRBERNLLEEEZELL
T o S5 IR EE 2 BtA§ 5 £ TORER] (BAL
ms) THY, Ts (I, SHELEESEERIZMABL
EEPLRTAL FHMEIET 5 F TORRM (BAL ms)
Thb,

L, RFETHRL-SEEEBETR, 77
CVIAEN 6P &3, EEBEIELE
HLTHERS4 FEEFBELETEL N, T2, 757
AEN 147°~180° OHEHHEKW (i, REETE
BIOFBEEDS 6 mm LI TD728, FIERENEL LW
HHETHB) THNI, EEBVRBRBRFENICFZ
WIEIELTLFEPALL WD, REFELD
ZEidhv, T, fEEEL 757 AK 65°TH
BeBEXLTHrSL, 77 7H8E 146°TERINICTF
PANDE &Y, HODBRLEEEHERLZTNIE,
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LWIBATH Y, ZofE%BEIT A8HD, (16)
RO (Tp+Ts) LT B EEZ 6N, LY,
(TL +TS) Gié(it <\:- 7;:%’0

(Tr, + Ts) = 300ms x (147° — 65°)/180°
= 137ms (17)

72721, 300 ms (X, 74 F»EFEH (0°) »
HTFER (180°) S TEBHITADICET IR T
»H5,

DEED, D=24x (T +Ts) =24 x 137 =
329mm & % 3%, CORENRLERETHINL, £
BROERIIIMAS ICERITTE, @Y o/EEEs
HERTEDEEZLNS,

8B, ULEnBRTld, THE»S 6mm FHE
C COFMBITHREREFE L LTS LT3, —
Mici, BEBEBOEHRICE, TRAKCETLET
DEFEPFEEIND, T, EBALWE, ROF47 -7
FvFR7VADREABREIEILETRE D EE
25, ZITIIMESEBRELRORY T 477
v FR7TVALIERRE T 2R L, RICER
ABETH > T OREIMEERAT) T L%
AT LDERERE LD DTH 5,

52 —iTEE—EILB#CAET3EE
B, ROFAT7 02T 9FRTVAERFE LR

—TR—FLE#EE LT, RETE(EbNTWE

D, BHARD) 27— ) LR o
hb, TNLOMEDL, 254 F& EFEETELS
EL:ODEMMLEEL HL T\ 505, BEXT
V—XDRENPETLZD, 75 9FEUPEL
2203538, 254 FHFERETELEY, JEE
LEELBEW)MEERZE LTV 5,

Zhicxt L, AR THRREL 2—iTRE— 1
T3, BEA7V—X0BIPETLTEELY
HLREAE, ErREEEDERICE-T, 75
YIRBECHAETY 5 v FEVIFFI EHrh, £
=GNy XDIERICE T, 725> 7AE 90°
DIMETRASL4 FIIBELET 25, FHREIHRE
INsZ iz,

T2, 799 FECDBWIBICL > T ERLIE
C723BA D, AH=ANAI v DfERIZE-T, 7
Fr7AEINHDMETATA FiigELT 2 (7277
L, COBAIE, 77vFECFBIEHEINL
BEH D),

EER LW HE RIIS-RR-93

ZDEHIE, BERX7 V-0 h»ET LA
BAIEFTRL, 75y FECPBEEBLIEAICHES
TEELHIERER ST WA 2 L, AWET
BRAELE—ITR—FLEBEORROFRETH), =
DHEEEEHEZ T b LD, BEO—TE—ZILE
Bohizidic v, #-T, CoBEDERIZLY, i€
RO—ITR—FILBBELILBRL T, snwkelts®E
BHybZ L meELER b5,

53 ERRFORELEIMMWICATIEZER

RFFECTIRE L REEIRO R MR ICEL L
RFERELT, 727y FEEIA Y L2 EEY VA4
FCREITBHRD 2D 5, BRI, HEidmy
THBN, T—V v/ 4 FrEFIMERAELLL &
i, fEEED 7 — I NERA TV THREM
PREILTLEISAVH S0, BEIRHAIN
TWZelyy,

IHIZK L, RFFETHERELEETIE, ik
RV VA PR LA, 7—Fxon
CEELEE®EE, 79y FEEAPLACERL
TeEEBROEEIIVNEEI NI 5, X554 FIETF
FBRiTAE 2 BAE T A Lt v, 72, v AREBHY
V /A PR L72GAE, x5 vy 7oElzm
FTBEHETTA, L, RICRF A FATEZ B
LTd, 250 78E0CONEBTZ Sy FELITY.
DEERI N, BERTLV—FERANZANZ L vriD
fERIcE > TR A FIZEFILET 5,

5, B NEBWKETIIH 207, EEREA
Y v/ A FORELIREEES, 7-bxIVE7
Z v FEEH A L 2 BT ARBORERIRICLY
BoOTERIRELBATY, 7 ez
TRY XS4 FIETFREZEEL LW,

Dby s» s, RFECTHRE L RERORS
FERIREREL, 77 v FEENRA L2 YV /A FT
BT EHFREBL T, HVREUEPELTY 5,

6. #&

ARFFE T, RLEMEPERALEMEL 256008
BICETEETE, o, BEAIC L 2REHRET
HoTUEERPEEIAT) LD MRELKREL LT,
RDOE S LHIE LR OEEVRTF LA L,
1) B

254 ROTREPICEEEFEERLLER B
KL &L, 794 R4 —NEIS 7 2BEEL

i
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TWwb77vFEC 25 &Kk &KL, 770 7A8K
9C R L VWHIE TR S A FERFIEI T 21EE
R LT,

COKETIE, EEEFEERTLEEBEEET
528, 794 R4 —NERZADBIZHRITLENT WD
)y 7 REETRRONDYAPEEETLT, ¥
7OHEZEET LD, )7L RADMICIIHM
SPHEBIPZEL, RRE—HBIEETL7 79y FES
i3, VI ZiRERIT NI FIiCiho TEHIics]
PN D,

Kic, BERX7V—XfEHICL>TA I 4 Fid
aELTLH, O7L—F3BE LTERIMKET:
X TIEADH D, FIT, 777 HE N DAE
i, T BB LBRERE DA A=A NVR
by BT, WAL AHAICD, TOREEREL
TWBETZAS L F2REILEIEBEL LA, &
B, COMETIE, THYIZV BHICEEOME S
BT, BEILRICEBANICARZERE 5%
WESIREE LA, T, REEBSMEBAY V.
A FOMBEREC D, A=AV b v S EEIL T,
274 FPEIET 2R E LTWw 5,

2) HEEMFOREMERMRE
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
TRATREZ BRA L %o\,

3) ZE% LIRSS & TR IS

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,
RICEBER 7V —X0DFEORHELI L, 25770
LRI CIEEDL LBATY, 257
B 326°DMTET, YABBEYLV /A FNOBE
PRIET B0 G, 60°T7 5y FEVIISN, 90°T
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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, HEEBL L TEEROLLEBELFERA 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

1382 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
ANF U, XRTHZ 515,

U:/(M%mmw¢ (A.1)
0

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

BT AR O ERE, U D iE)oe0d
AIANETH S,
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2T, M=Pr(l+cos¢) THHI LEZEETH
i, (A1) RIZRDEICEEBRIDLI LI TE S,

- U= /W[P2r3 (14 cos ¢>)2/2E1]d¢
0

= 3nP%r3 J4EI (A.2)

PUEXY, RBREBIIFEFEDIbA § 13,
KATHEZI6N5,

§ = dU/dP
= 3xPr®/2EI (A.3)

e85, UEo@RTiE, 3 OWETHEIZER r
HLThAEwdoel, o, 2ANHRUEA
DHBIERTELLNLRELTED, (A3) R
HIPFRETH 5,

[1F8% 2]

W, 75V IBBOREAER ¢, 7T 7 iEE
WIRET 2 M2 % T, 3FIEEE> SEAT 5]
#ih%E P, Ay DEREE v, A v DIl2bAE
§ L3 5L, ROBURIHD LD,

T = K¢ (A4)

T = Pr (A.5)

§ =1 (A.6)

§ = 3rPr®/2EI (A.7)
DEOBEREMRNT, kRN2R5,

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

(4482 3] ‘
v, Fig. 120%51C, A B275 70k
FERETHER, P, Q22X 74 FOLEFES L TIEMA
LED, 777 D¥EE R BEHEORIE L, &
DEZEDLE N=R/L TEL, 27 7HE? 0,
HEHEBLZT74 FED (R O0Q) DiTMA%E ¢ &
T, BALEEEAOME 13, ARE% 2,
r =PQ ~ (0Q — OPg)
=2R— [(R+ L) — OP,]
=(R— L)+ (Lcos¢ — Rcos )
= R[(1 — cos8) — (1/A)(1 — cos ¢)] (A.9)

= R[(1 — cosf) — (1/N)(1 — V/1— A2 -sin? §)]

EETZ LIRS RIIS-RR-93

(A9 RTIZ, A1 DEE, \/1-)X2.5in%0 i3
ELEIC 1—(A\2/2)-sin? 0 LBERZ B EPTE
%, ¥72, sin?0 = (1—cos?6)/2 THBP 5, (A9)
RizkRE % 5,

z = R](1—cos8) — (A\/4)(1 —cos®6)]  (10)

IT, w277 7HBOARE L THIE, X
F4 FOBE v LIEE o i, KR E%30,

v = (dz/dt)

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

= w - (dz/dh)

= Rw[sinf + (1/2) -sin®6]  (A.11)
o = (d*z/dt?)

= (dv/dt)

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

= w- (dv/dh)

= Ruw?[cos 0 + A cos 26)] (A.12)

Ric, EBRErRLERET A Iok&3 %2 F B
N#EE % g, FEEHHS>OEEL Mp, €BOE
B% Mr i, EEFHRSOESHERE,
KREL D,

(Mp + Mr) d°e

7 pro i (Mp+Mp)—Fcos¢ (A.13)

2512, (AB)RD F k&, 5) R Te DRI
i3, LOCPy =0—¢ 2hb, ROBGEED S,

Tg = R x F -sin(Z/OCPy)

= FR-sin(d — ¢) (A.14)

DLEOBRY &5, 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 102[kgf - cm?] (A.16)

(FRk 6 4 4 B 28 HZH)
& #E XM

1) hRBEREH LGS, T2HEEEE (PR 2
48 (1990), 295.

2) W, BE7IvFIKOonT, EBT VX, 1984~
7, 54~5T7.

~51 —

3) MEEFEERK, WZEAEKEDSFERIE B
B (1990), 139.
4) Kb, MEMGKEToRARmEE, BT TEFEA
(1993), 208.
5) FEELRLSHEELELRE TVAEELRE,
LB K E R L2 (1991), 105~ 107.
6) XL 4 R A MWE ¢, RIIS-TR-83-1,
(1984), 52~53.
7) BASBIERMTES, BESROENRNEIN
REHREE (1994).
8) HAKMESMR, B THEE B4/ (1963),
4~50.
9) FH, TVROERELERE, vttt (1982),
12~14. }
10) 1779, BMOBREIL X 7 4%Er, BT T
At (1982), 94~116.
11) REBFE NV —7, FY) lcwliE, Yeoxo=
v =2 b4t (1979) 40.



