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X 7.3 IXMIEHES W OB EMREE Y D OZEHREZ /R LIEZLDO TS, X 7.3(@)1%
MLEFME4A W % e KPR A SSE TREDAT 72 IRRE T, it B DI SHR & T2
LTS, ZOLEDMUITES WITESE L TWDHIRETH S, X 7.3(b) 1L/ NTFA
JISTETOBE LD ERELE DRETH D, £z, X 7.3(c)1xF/NaFath & Fial- 725
G OfEIIREEZ R T, MUTRES WITKREEILLTWD. AL bV AR s, I
(XS WITEITC SN, EOEITEMITESIII XK P IZEDLY, BAIERR T O A
SUTHEE, EMEIZRLOETHFL, EREER20ETT Rk BER L, K C s
FETT 5. Z2OLEBHE Y DITEMRaA VTR 2 DEIL FRICkY, 77— %
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WBORNOMUREENS. DFD, ALV RFE> TOWTEZERESIIHRE Y D
MZEH L, ZZEHL TWARWEASITEATIRE (GR) THAHrZ A2 RL TN,

722 BAHABHEY D OELL

B 7412, B EPREATZ L & ORGULEREOIELZ RS, AL NV RFET L, HEe
E P DS EFITHUNEAZ BT 5. 20 & S BNPERIR T IZK R E D I12A0 [H]
HRL, MHE Y DIFAXEN T 5. K74 L0 (7.1, X721 HELND.

fil M e D
X AX
I N T aae ) LA G Lid s
: S ai ; L 4z
h// NG
Dl
B
74 KRV EBEREAT & & OIS ENE
AZ =0, sin(6, + AQ)— 1, siné6, (7.1)
AXsing, = ¢,sin(6, +6,)—¢,sin(6, + 6, + AO) (7.2)

DIT, AZIEERIC X BN, AR E S D OZERL 2,13 AB IO S, £,0%
BC BIDE &, 0,037 —/ 4, AQIXZEREAH T OEGA TH 5. coshd ~ 123585
L, a71), R(72)L D KEAKRES.

_ 1,008(6, +6,) A7

£, siné, cos 6, (7.3)

AX
TR K DIENLAZ 1L, ZNHERIR T OFIREREE Y D OT — " AIZ L > TIRE D
RTHRSND.

723 FERHEXRIR T ICEL B

RV RV EROMTD &, BEEMS ZRP 2 U CEMIERK TIZH Fa 23 5.
X 7.5 (CBNHERR T I 12T, 22T, €, <K, THHIZD, mETL, BT
KNS, 200 EICH D LT 5. £, JEME= A ViZha 1 oET/ERRITe, LI
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% AT D BALYERAR T IS S A P OZALIZIE U T B AZ SRIEH L,
BHE Y DOT— E LS 5. ZAIERR TIZIE, B LER =V, 20
SONMH<. BREDVIHEMNTL2E—AL FDO2D) HNTX@)TERSND.

sl e D
o JEASIRE 2 iR P
C F A

nginet {h Fi
o1
On
B
X 7.5 ZNLHERAR TS < T
¢, F,cos6, =, F,cos6,cos(6, +92)+%2mg cosé, +/,Fcosd, >0 (7.4)

I, 6, +0,<m/2THY, FUOKEHITETETHD. Lo THICHEEH S
ZMLP DNOEENYERMR T 2 NP 25 mNC T Fa M8 <. 7eds, H(7.4) TIXEHOEEET)
ABERL TRV, KT71ICBITHHRIEE S D O jEAD G EOBEEIICK LT R
ERESEHET DL, BRI T OB LT, AR REREIRITHLLE
N5, L, BRELILREICLEDIBEEY L DOEE, AT 4 v 7k EOlEE— )
FBAELTZEZIZF, RROJJICED, BBo TRV ERKiE > TWBEFERT &V M
Y OERMORY 2T Th D, ZIUTLEMREE Y AT AOFMICHESL / —
NI B — RREEILIE A DD TH S.

F72, AV b2 ETWICEE LELAE, RNTAHOLEDE 2HOG SR D. =
DEED, Fi, e FaREIEITIUL, REAZECROZENAETHS.
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7.3 TAIRICEIBDOEIEIC X HIREL

731 RIEREBO LR

R 5 AR OBMEZ FEET 57212, M16 AL b (ERERXS 4.8)1x% LTt
PRISE 2550, SR L7z, M16 AL kN OFEHERRERT /11X 40kN Th 5. e KFFAHET) %

MLIE A D e KA IS, Fe/ NPT % 20 KN, B8 LoD BREE S 4 28 kN & L7z,

MiTFEeIL IS LFEEMEHH Z A 72H L, REmOMMOEEL TX L7205
FRNE T D70, KEITMEZ XN L CTH Y, BERK EFCTEC L. -,
AL EN S E Y D IEIEC 80416-30 R ENTWAH (LRI L Y K& SEREL
7o TRV, fREEEE L ISR, RRMRIAY x5 EEHERCE S ES 2RO A TH
%, ARIETIE, (7.5 & v EEEEE L(mm)ZA 1000 mm & L CHE M L-#E%E, W
RBAY X ) EAHMEEFCE D HE S(MMIZ 10 mm UL EMLETHD Z L EZRLTWD.

S=—1L (7.5)

732 MIFREEORE

RV N EKED D L OIS S 2P WEMT H. ZOEMOERRRA
%, AL RO E XS DIEMENM TH 5. K 7.6(@)1FE S 100 mm O M16 AR/

FBREEX Sy 4.8)DHih ) &M ONERME)TH D, £7=, K 7.6(b)1EA [EIEH L7z ILiE
O] & M AL O FERFER Th 5. JIEITHEH U7 2 E 4 X 6(c) 12T . BT IS
1FEEMEMA HZ A 7T 16 THD. X 7.6(0)0OIXMLIEIAEESE W OEN TR, @
IXZFOETL TR, QIFFWEMHLEZTRTHD. Ono@% 5BV IR LIZT —X 2R
LTW5. ALk VOELDOIHRIICHNSDIZODO TRTHS. RXD a MITHE K
FEASH) R (A ), b RIS U O BOREE S, o RUTR/INTFR IS Ch D, Efr
PO T RO E Y D T, aa?b cliZEARL FOMHE, aannd ICEHIIE
ROEMEMZ R LAEDETL b DOZILK, b L TWaD . MLUTREE W XA ko
FEOMRICHAIG L7z 40kN LA Bl /) &2 >, 7280 TRICB W TIIRE f; EAT U
ARBRE D3, AV MEDATREC, FEABEHEOE R & 72D a HD NIC K DERED
ELATANL, BBMEOHLFENELND Z 2R LT
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PR E FEHIfE
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10 ii
0 1! ’
0 01 02 0 0.1 0.2 03 04 05 06 0.7 08
AN b OO (mm) 2L (mm)
() #lhi/) & EAr ORIk M16. (b)dh ) & MLIX AL 4 DAL (c) IMiEAaJiE 4 ReERlE

(AR/L bR & 100mm)
X176 M16 HL k& MIERES O F) & 2507

733 ELMPIEKRIR T D&

X 7.7 ICEARIC W BN T S e D O EFESHEZ /T, A bV &K
7.6(0)D & s E ThiOFHT IREEZ R LT 5.

X 7.8 I3 E Y D LI R OREAENMNOEBRE R L0 TH S, K(TIHLVEDS
N7-BREX 7.8@Ic/~L, X7.60)EX@) LGN LMY D OREFZEEX
78O ART . KR & 2R8I L ARV NV BRI, B D R NFR ) E TIR T T 5 &,
MIEAES W 23 0.15mm A7 L, ey DT 10mm M LEIND. ¥ LA E R
LRI 24N ICRRE L CTRBY, ZoLEZ0MHE Y D OEHEIZ6mMM TH 5. i
INFFESI ) & 8 U D BRI S O Y, $EAOMEITIRBECREE O EEM 2 &,
RILUTIE U TRRIE SN DD, BAHERR T OIIRS~TEEZZE 2T, T— SO R 5K
HEY DZHATDZ EICE SN TRE CHBMENH 5.

7.7 RIEICHW ALK T R E > D OBk
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i1 | 10
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RAENL AZ (mm)e B e s LE S (mm).
(BN bV ORBRALEMNEEHABEHE L D%E (e DOEA L ETHLES.
FHLES.

X 7.8 fEAENLEEIMmEE Y D OBEM%

74 REWHBR L X T LOIREE

741 REERBRATLOEH

LEERM L AT MT 'ZEPHR TEL L IRV ELREFAITHV AT L] TH
D, VAT AN CREMGEN TERWVWE X, VAT AREFOREICERSND E
TEEMEIEIND. 2 LR EHRT Do Y (et Y) 7 =—k
—T7ThDHZ ENEREND.

T7rbb, LR, AL NORERREEZ GRS Rt T OREET 5120,
B E Y D IR EFECEIERRE R EORESIZ LY [§EA ) OmWmIIRELE KT fER
MR DRV IXFF S e, AT LIRS A2 RS R~ 2 5L, SRS AR ES R - S0
EDORIED RO LD Z EIEE I ETHRVD, BEIZIEIANT2E2R1H 0, BEHIL,
i R DU &0 SO AR B A 03T IIERE T AL 0.

—iRIZ, MRS AR ESIIRD DN, TNONEREMARY GERFRAY) &b HEE
BRI D ONLEEMERIL L AT L Th D, XY OFEBFEO—DIZ, HE)%EMH
THHERDD. EHNZE D5 AN TZR X = I0T END FAELEREST
BY, KELICHRE SN AT ILRIR T OHEICEDE T 5. 2721,
FEINZ L DIEAFEON R T 5 BB THEM 2 A ViZha L AR EN TN D, S
HIZ, FEME 2 A /ER L IEEEER L > EDEBFB L RRT 1 v 7 72 EOERMOFRY
ZERLHEL TR LV EMIERRZRE T ST 2E L 7o TV D, [FERICHR T
B2 D b M2 A UER 2 12 L 0 SREIRICHT LR TS Ok S h T b £, 7.23
HIZBWCHENIERR T OEEN LV L FRBL PR ZRKES LTS, BEHEMEIC
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BOT MEFBEOAT 1 v 7 <ITRHETRERHERN T OBEEH<FRBEUR &
VO B TRAF STV D ) —w A7 B — R TR L TV D IERoMTIc oV
TIE, 1SO 141190002 X % & 4310k L7z a4 LEhoflIcB LT, TA&ICEE L
TATEL - B3 - ER L, FyRA R L, BAMHEOTREXHEE T A YEREY NS
<L, BHEFIITRNEBOSHZH AL L&) +oIlBkELicaryR—x 2 b LTO
B AF b O L BESN TS, TR HICHEILL, WTHLEREIRZ MRS 25 L0
2T TRERLS R STV D,

742 WAIBRIEBBICHETARBRIRILE—DFHiN

AIEEERE & L COREEIL, AL bV OREDF T HOMmEE Y D OEHET, 2T
EAEEER L T D 2 & (AR AICH D . AT LRSS R 2 270 RRE L 1%, AL b
VMg TWDEESRE Y D BEHRLTWHZ L TREND. K79 1%, 8%
(D] LT DRI T ¢ T RInEE T~ T, 2MHOFGMEZEE N TEL, fixoTW
DIRAEZGm P 1, ATV OREBEZRIE0 & L, HOmFEIZ IS D OdkkE
2MEOMIIAS R THRL, RHEY D BNEHL TV D & X ZmEME 1, LTy
EEEmEME 0 LT 5 L&, ZoORH LI OMRE KIN)IZRE L C(7.6)23 %A L 72 1T
U7 B 7200,

R=K(N)-K'=N-K (7.6)
K Ko
RV b DFEALV > MITAmES W —> IR E 2 P
N ON;
@O Nz
Ks K v Ks
JEfE A ViER 2 < LA T < JEfE = A idh 1
@ Ny
B N5
ng
PENCYERI T > oM E > D
©R

X179 FAHILOFEHRT KL —T7 11—

KN3RIV &V OffDfF T s b B D OZEHIZE 5 e RIsZE DO RO ERIRTE
2. K791 7.1 OMREREOBKIEE Ki, Ko, Ks, Ki, Ks, K& L, ZOEER
REZ TN KLY, K, Ks', Ki', Ks', Ke'& LT 4. FIRIEHAL NV OREDAT NS
BHE Y D ORHICEDREO T 0 AN ORRESRE Z L IJERETHY, &
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MIRERM TBET DR F—OYHEREZ R L TWD. E7o, BT LT RLF—
DE ML 2 EOTHEEZEEI N, N2, N3, Ni, Ns & L TRLTWA (T RV —DFIES i
PE 1, NMEZTREME 0 & 9°5). Z O rHLEERIE, MIRERN T XTRIT 1 T
272> TCWn 5. ZOMBICHEZIE, K 791277 L9102, MEEREFEOHT N, N, N,
Ns, Ns XOVR IR TREND.

kol

iy

=z ZWZ zZz Z
I
z2zz2zz 2

N

*

D

(7.7)

* *

K,
5 ;K K.
R=N-K,;-K;-K;-K,-K;-K; =N-K

w7<

I

»—\.x* H.x HX,(. H‘x,(.
. R X X X

Na(-l\J;(»N)(-l\))(-

=

*

Fhabb, X (717 LR (7.6) ITRATK (7.8) 2135,
R=N-K-K,-K;-K,-K,-K,=N-K" (7.8)

1o, (RET NI L CHBRIOZAFANML LT, X (7.9) %155,
N>N,>N,>N,>N, >N, >R (7.9)

7T21HETRRZ L DI, ABIZ R 2FEOMITEED, MY D 25 & L7kEE
TANL NV ZfiD, Eﬁj(afwiﬁhjjmﬁ’a?&ﬁof:?&, B E Y D 2207 — SEiIHi
25D EMPA LI, 2D X1, BRERTIHEHRE I (Ns)IZ A D IE UWERIE(NS ) IR AE
T4, ThEaBiuf R=0 £72-> T, REZERTHHFELMIETE V. AT LR
%, ARIOTE LWEEZ SE & U TR SN AL EERA S AT AW ) ZENTE
5.

—J, FRAH U CAAbE S L CEE R Z LI, J —~v iy m— XRI(EE) L e
STNHZETHD. BAEIHTI D—N=1 TEF L7t 2 TH5H. AL bV REED
EMERES W B ETE S, BEMI RPN ERL, EEEMaA vida 1l of
LTI BITRITL BT 5. RIS KD BRI T 3R T LEM = A vidia 2 o
TWZEDT— SENEOBEH L, MEEY D B LEII, RV NOEEPHER I
%, BHDOIEN-NIHT D ) —< L7 o—XDFEREE, +7/hbb, N—0..N—0
LMﬁMNrm'M*VNrmEﬁOT ZORER, TR TR 2RO ER R=0
ZIEHT D, ZOX I, AL, TRAGER)) ZBHT 21300 T, HhE
%KEATﬁBﬁ%Li&T%fxb\%é}\% /J\foc< &b TR EHIWT ~& & ZfRo T IEE
IR L(EA)) OHWr & £ U WE BRI AT AR LTI LTV D.
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743 TRIEBBOREEZRIHRBEN
R TLITHANLV NV OREDITOER N 2B A V(F) TE L, ZONBMREINTH
HE Y D Z2HURIE~DOIER ) 2 5B D(out) T L C, MK OGRBUE D E % 2R~

LTW5. Fio, £72121FR 71 OfBEEOETOMAGOELTT, ZOMAE
OEDEWRERL TS, £720D#MLEDED S BT, V(F)=D(out)®BHRITIEH 72
N B TH 5. [F1FE T V(Fy) >D(out) & V(Fr) < D(out) D& ERAY BIFR I X B IR BE & 3£
9. V(Fn) >D(out)®BIfR(V(Fr) =1, D(out)=0)i%, "/ h Vg > TndEED N
BREE Y DIEHLRWDOTHL0 6, BAERIR T Offis ) s, Foidmby
YD D5 ERBEIND.

V(Fn) <D(out) ®EIFR(V(Fn) =0, D(out)=1)i%, R/b k V ZFEOHT TOZRDERL R
BATOVD)YDIZHIHE Y DAREHLTWEOTHEND, EMEaA VTR 1 ROVEME
A TR 2 DIFEPHRIEE Y D ORERGI BN BNECTHDLHAETHDL. 202
OITHFERRAEZ £ LTV 5723, V(Fr)>Dut) D EIFA(V(F) =1, D(out)=0)i%, Z4lik
ETHY, MHE Y D REHLTWRWI L 2R~ U NIRRT EEBICRESh
HINHTHD. FINOLHFINRVERIE, FELTERLR2WIREZHY, RUT
A TBA=RY =T ECERAETHS.

X711 MY D ORM L HAKOGmIEOER

AmERASE | AwERE A I O

e 1 | R bV ERDRT S %)
" 0 | bV EFRDET 2 ATEE L)
1 | E Y D oZE
D(out)
0 A D 23ZEH L2

F 72 WY D OWHE & ZEE ORI 72 BILR

D
V(Fr) (out) FRERE O A A o D K EUL(E NG AR 72 BELR
ou
RV N EREOMT, B
Pt B aNgE VIFr)=Dloun) V(F)=D(out)
. o= wEwE |
B R EREDATT 220, F B IR
0 0 V/(Fn)=D(out)
R E S ZEH L e
RV M AT, [
1| 0 ? BIE | epiow |z | 35 nsmig
LR
AV MDA Ly,
o | 1 VE<DOu) | BRI | 3SR
B e S (F=plowt) | JuBRiscie b
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L)L, BHEY DOl E2BET L L+ E L EERLETHD.
Lo T, K72 DOHFIRENTFSNRVERE LT, K71 0KV NV OKEOT 1173
B E Y D ~OAREIZH(7.10) 2350 L T Auid e & 7wk

V(F,)> D(out) (7.10)
744 TRIEBEOER

RV NV OFEHO AL 2 5T 5 E T2 OMIBO HFIERBE X OND. TD 1D
XX 7.3 1R TARERA L2 FETHRL bV BSEATE L ERBE Y D S LESND
FHRE, B9 1OEK 710 ITRT L IITEARL & IR ET L HERDHD. Ebbh
PERERUICIZIA CAEI 2 RT3, ZERIOBEESIC I VBRI EY Y D BAXR0WEE, M
73 DFATIE, AL LW SIVRER IS, U LT, ¥ 7.10 TlEA/L NV
DB TWAHIZ b 6T, BEE Y D BNEHLTWARWE®), RL Mo Tn
LR ENRESHRWL. ZOX AL V Bio TWADEEA TN Db
mUREBIY, ZRTF R IR%Z) REET THal) LS.

. TR
ShEINe % i JUWQ M%ﬁmg%@.

D e e o
o9 | or}ﬁ I
/’f/f’//,fj’;’f’ff?;ffmff/ e

L

(8) R/ DFEIIEE (b) ¥ Ui od BRE SR RE () HRIL hDFFAIIREE

710 @R e OBEE

Z OFHEEERET, ERMESZRE LRI RITER bR WREEZ A L TERY, A
L ENDIRREZMERF L2 T AU 72 D70, RO A b DR b B & 2 Dt e v
D OEEhE, R A ViR 2D [~720 ) R0 [5onh | REORELEEZRI L
Bt Yy D OEBNCARZNED. [~720 ) 2B\ TiE, EEricmENER
HHDOTERL, FRICBHREINTIZATY T OMRE, 5l | 13 7RED
WELZMEBEHCTHIGTE Db D EEZD. £, SBREFORBNFRIC X 2 Btk
REMTT 5708, BHARIZEV AL Z ENREZZOND.

B4 710 1 3AMIFERRSE TRES N r b CTH 5. 7.1 IR T 2EIE, 00
REHC 2 EWATIE CIEEZMATZb DO TH D, 1EHITREOT OB, EERS X P O
[V IEDOKEEZT HEID O E23RITT-2 &, 2 BT E > D O % 7
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SLAML—=HMIAEELTHD. ZHEIHRHEY D OBfEEZ A L—XIZT570TH
2.

X 7.11 A EERE OFAE S

75 IMDE

ARG TIL, ARV MEADIEFEDDRERAZR B RO DI, ZEMBEA ORI K
B O A EERE 2 BR%E L7z, A X, RV FofiSIRE 2 B FE T X,
FHPGIEICERCTELZ LD LEEX L. AMRICEB W THEEEZL6mITLLTOmY Th
5.

(1) $_ET 282 ViU, A bOREDAIT by 2200 BRIZ L Y #ERT

5. —RRARNL FOREDMTERIL, M7 LU TFRELMMEHENS. bV
7 LT TIRRERE, RQUERS 2 ED M7 REMRBEE L, ooy %
MNTHN, BETIHIEETIZIZ DL I 2Ty X3,

(2) $RFET DA & ALK Z T L0, i)z adifb+ 5 2 &
MTEDH. M16 AL b OFRIEHMETIEL, 20 kN O ) OZE(LIc K> TEL
MLIEFE4 0.06 mm DN, #1170 fFlCHER L, M E > D A3 10mm 2474
HZEEMER L. ZhICXD, 1000 mm OFEEED HRRAAEETH 5.

(3) DL EVMEEZZEZ DL, MY D OT — SMAEA(LREICEZ D &
T, R E Y D EHEINIRETE 5. FICEE L SNDORETIE, ERKITA
il /] & Fe DAL OB O A 7R ERENTE B.

(4) ZRLFLE, ARSI L MEAF RO ERE ot RS 2> T\ b,
INHEFEBT D ECAERRE) OFHGERFRRY FetE) &, +oicibksh
ATV TN ) —~ L a— X EE R AW T R L e o TRY, %
BRERI S AT ARER I TN D.
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HOFITIT T2e) EADOLEMITEEZ<HD. L, ZTRHIEFARSITLERRD
EAHID. TEEBICBHENT IV REELHEETICZEEEND Z LT, EHEZEHE
TIEEFINTW Y. LaL, EEZEHKIZENTY A RXR—RT5LZ2TIE, F
HWMOWEEL ) A7 TEL, VAZ L LTOFROBRAZEDDEVIBZZFThHDH. L
2L, HERITNINWE LTH, HEORERFMIIFFR SN, BRI AT L
X, BREHERL TENDBHERTERNEZEELT, ECEREZS VAT LATH
. AR THER E T HEAERITIE, BB AT ABNEHASD.

LRTFOMMNSZR % KT 5 & BRI Z A LR Z RN T oD, BRI
Ellx, TEDnIEEse) L2550 THY, it 2ZOKEZ LD TLE
H5Z L ThD. REMBEEREIC 7 2 — L — TR H 5. —F, BB, 0
BEREZHMERF LR TSGR E 2 D X0 e b DA WD, 72 2UE, IRITHE 7 813 o iRl
MR bDOTHY, —ERONL -T2, TV IR TTIARHAD LY, HFEd o E
TIIROWE T 2 T AU e SR W EMEFE> TV 5.

[EFENIRR S OBESMEZEOBEICIE, AMICLax TEAT L ks
WERDEREND D0, RENO LT HCERDI FNRLL, F-ABEFEZ T —7
5HZEEROIDEGRO. BIENICEREZE L HICERDEHDDBZ V. B OEHE
PEZmm< L, B IR EAENAE Ul & & T2 11T 16D 2 IR e M 2 Fr -,
B AL ST D HETHD.

ZHUTHR U CTHEBERY ZZ 213 1R D B DITITIZ W 72, & o O 2R E O e 72 VEEh 3
FoRkENs. LaL, fsHIENRNHOR0, MXHIFRY Ot OIXEW 2 & 2 FifE
2B 22T UTR B, WERBIGOM BRI, IEORBRANCE S W E =% 5
Wi, NHICEL2EHERO S EHENLHWNERE L 25, BEAHEZEIZBWNTD,
ANBOBE 325 & ZAFKRE V. BEFEOS D EIFC b7 7 K 2 IEEFIEEOBE
BOFREBEIIAMCEROND. MEICBWTAMI R TRENIROE D K&,

AWFRD 242 AT MBI DRV N OFEHO AU OMFSE) OFIIL, #ll
FNHHREEOIREICRB N, ML TWD Y —7 2F ¥ v 7 M 530 K < LRk &
EOENH LI & bihE oo, FERICUTD & RFEKE 0D, EEEDO Y —
7O My s EHO AT S O BERIIANIIE D WA & @R AR D, Al A
KFEIUHHETH D, EEUAI TR OARIREL LT, V-2 OBERERH 5. ik
DRI & LT, (EEBIZIL > TRARDHOMNT M7 BREBHRL, FDT K
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FIEOBIfRE FEBRAFTE L, B4 TREEZ AL CE DB AR 2T I = L— X O
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A Study of a Special Safety-Confirmation
Type Washer That Can Detect the Looseness
of Tightened Bolts by Way of Leverage-
Exerted Displacement Enlargement

Abstract

Bolt tightening is widely applied to the fastening of mechanical and structural elements. However,
as various external forces act on machines and structures, fastened elements are displaced
mutually and relatively, which loosens tightened bolts as the time passes. Prior occurrences
indicate that bolt looseness like this has often incurred serious accidents. To counter the problem,
the authors have experimentally made a special washer that enlarges the displacement caused by
a minimal looseness of tightened bolts by applying the principle of leverage to such an extent that
the displacement can be visualized. The special washer, which displaces in accordance with the
law of gravity as the looseness occurs, can construct the definite safety confirmation type.

1. Introduction

Screws for fastening are used as a machine element for machine equipment, products and
structures of all sizes. Bolts, representing screws, are widely used because of their capability of
ensuring strong fastening force and low cost. However, with the action of various external forces
on them as the time passes, fastened elements are displaced mutually and relatively, and tightened
bolts are loosened. Such bolt looseness has often incurred serious accidents as understood from
past cases 1). In order for the elements fastened by means of bolt tightening to be in the stable
state, the axial force applied to the bolts in the tensile direction and the compression force applied
to the fastened elements should be maintained in the mutually balanced state. However, it is
known that “setting” is caused to the bolts due to nut reversing, the secular displacement of the
fastened elements and other factors derived from operation and vibration, and the axial force
decreases2). This results in the “looseness” of bolts. In terms of safety, the bolt looseness may
cause serious faults and hazards to bolt-applied machines and systems. For this reason, in order
to maintain the good condition of fastening by means of bolt tightening, human checkup work is
absolutely indispensable. Although it is important to adequately educate all workers to make daily
checkup complete, it is extremely difficult to check up every one of bolts during operations that
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are increasingly going complex. When the transition of fastening by means of bolt tightening is
observed through time, because there is no bolt that does not become worn or broken indefinitely,
the bolt tightening requires periodic maintenance. In fact, however, once bolts are tightened, they
are not subjected to maintenance unless some disorder is caused to the equipment or systems they
are used. The bolt tightening force and its service life are dependent on empirically-designed
value to some extent. However, at the fastened portions placed under various, complex conditions,
the bolt looseness or bolt tightening service life may end up in being a dangerous fault when its
designed value is exhausted. Also for this reason, periodic checkup is significant.

For on-site bolt looseness checkup work, there is a simple method, i.e., a mark is put on bolts
and nuts and the mark displacement is checked for to determine the rotational looseness, or a
hammering method, i.e., bolts are struck with a hammer to detect abnormal noise that suggests
looseness. However, these methods are not easy because they require skills and 100% checkup.
Generally, a direct retightening method by using an open-end wrench is adopted, but this method
takes vast amounts of time if a large number of bolts are used for the subject machine equipment.
This is where a simpler, more reliable checkup method has been looked for.

With the above in the background and focusing attention on the promotion of the efficiency
of daily checkup work, the authors propose a “system for visualizing and monitoring bolt
looseness based on the safety-confirmation type3).” This study is conducted under contract with
a business enterprise. To be specific, the disc spring washer and bolt shown in Fig. 1 are used for
fastening. The axial force on bolts is too small to be estimated directly3). Proposed in this study
is a washer unit in which, as an indirect method, the axial force is replaced by the displacement
of the disc spring water where the displacement is further enlarged by using the “principle of
leverage” (“special washer”). As the important features of the disc spring washer, because the
spring reaction force is strong and the hysteresis difference is also large, the difference between
the displacement by tightening and the displacement by loosening is large.

The disc spring washer is used in the closely-attached state, and not permitted to be reused
because it is designed to be used only once. In this study, the authors receive prototype special
washers from the partner business enterprise, and study the possibility of visualization of bolt
looseness through the special washers and the effectiveness of a looseness monitoring  system
for safety-confirmation type bolts configured with a reflection type optical beam sensor. As the
conditions of using the special washers in the study, they are placed on a level surface as a rule
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and the bolts in use are M16 in nominal size and 4.8 in bolt strength grade. As a tightening method,
the torque method using a generally used torque wrench is employed.

(a) Conical spring washer photos.

¢ 30

h2

(b) Conical spring washer dimensions.

Fig. 1 Body dimensions of disc spring washer.
(M16)

Displacement enlarging plate T Washer holding plate |

Protective cover K

Disc spring washer W

Fig. 2 Special washer.
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2. Composition of the Special Washer

Fig. 2 shows the fastened state using the special washer, and Fig. 3 is an enlarged view of Fig.
2. The special washer is composed of a washer holding plate I, a disc spring washer W, a
displacement enlarging plate T, and a protective cover K. The displacement enlarging plate T has
a color-coded graduated scale on the side. When this graduated scale is referred to when the torque
wrench is used, the relation between the axial force and the displacement can be recognized. A
magnet M built in the displacement enlarging plate T always acts on the protective cover K as an
attractive force, and in case of looseness occurrence, detects the looseness together with gravity.
As a functional structure, the displacement enlarging plate T is set in the protective cover K, and
the disc spring washer W and the washer holding plate | are disposed on the displacement
enlarging plate T. The washer holding plate | and the displacement enlarging  plate T are in
contact at a contact point A. When fastening is made, the contact point A is pushed down. In case
of looseness occurrence, the contact point A is released in no time by the restoring force of the
disc spring washer W, and the displacement enlarging plate T is displaced downward by the action
of the gravity and magnet M on the displacement enlarging plate T. Fig. 4 shows an enlarged view
of this function. It is understood from this view that the displacement enlarging plate T plays an
important role of conveying the information of fastening and looseness. Here, the washer holding
plate | playing an important role of conveying the information of fastening and looseness has
adequate stiffness enough not to be deformed.

Washer holding plate | Disc spring washer W

Magnet M

Contact point A

ent enlarging plate T

Protective cover K

Fig. 3 Enlarged view of the special washer.
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Attractive force of magnet

Fig. 4 Displacement enlarging plate T.

3. Fastening Displacement and Looseness Displacement

The axial force of the tightened bolt, which cannot be read directly, is generally grasped
indirectly by using a torque wrench. In this study, the special washer, the micro-elongation of
which is enlarged double by way of leverage, is experimentally evaluated and the effectiveness
of the special washer is verified. Fig. 5 shows the experimental data of the axial force and
displacement of the special washer furnished by the partner business enterprise to the experiment.
Ffmax is the maximum axial force point when the disc spring washer W is closely attached to the
fastened element. Ffmin is the minimum axial force point, below which the looseness is not
permitted. Hmax is the maximum tightening displacement point in response to the axial force,
and Hmin is the looseness boundary displacement point. The axial force Ffk is an axial force
deficiency alarm point, which is in response to the looseness alarm displacement point Hk. Ffk,
being positioned before the looseness boundary displacement point Hmin, plays a role of
preventive maintenance by issuing an alarm.

Therefore, the period between Hk and Hmin is the maintenance respite period Hm, which
requires maintenance to eliminate looseness between the time when the alarm is issued to the time

when the looseness boundary point is reached.
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kN
A
Tightening process Maximum axial force point Ffmax
Loosening process
Axial force deficiency alarm point Ffk /1
/ A
v
Minimum axial force point Ffmin /
A
Enlarged displacement
- —
0 E E Maximum axial force points
Looseness boundary displacement point Hmm ! . .
! Axial force alert point
> ——> !
Looseness alarm displacement point Hk Minimum axial boundary point
Maximum tightening displacement point Hmax \
> Maintenance respite period Hm

Fig. 5 Experimental data of the axial force and displacement of the furnished special washer.

4. Configuration of Safety-Confirmation Type to Realize Fail-Safe

Among the important elements for realizing fail-safe are safety-confirmation type and non-
symmetric failure®. The safety-confirmation type “permits a dangerous act only when safety
information is notified.” In the case of the special washer, only when the displacement enlarging
plate T is protruded upward and the tightening axial force is within the allowable range, the safety
information is continuously notified. The downward displacement means looseness, which further
means danger due to the lowering of the axial force, and the downward displacement below the
looseness boundary displacement point Hmin is not permitted. On the other hand, the non-
symmetric failure is represented by the use of physical phenomenon, such as infallible gravity. It
is a type of failure that certainly falls into one side. Since the displacement enlarging plate T of
the special washer always acts downward due to the gravity acting on the tension spring and the
displacement enlarging plate T, the special washer failure notifies the safe failure. In this case,
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the safety information is no longer notified, which is judged as “having loosened,” and the
fastened element should be maintained immediately.

As described above, the bolt looseness is configured to be a failure on one side of non-symmetric
failure, i.e., safety side. In order to realize the non-symmetric failure of the special washer, safety-
indicating energy should be maintained on a high level but should pass out of existence upon the
looseness occurrence. Article 4.5 of ISO 12100-2, international basic standards for safety, defines
the “positive mechanical fastening” as the “fastening that acts on other mechanical component
when mechanical components contact directly each other or via some synthetic element.” The

special washer proposed in this study conforms with this standard.

5. Considerations of Looseness Detection by Using an Optical Beam
Sensor

Supposing that bolts are tightened by human labor, a method of using an optical beam sensor
for looseness detection is considered. Fig. 6 shows a configuration using a reflective sensor, and
also the layout on the reflective-plate side of the displacement enlarging plate T. Ffmax (Hmax),
Ffk (Hk) and Ffmin (Hmin) show the relation between the axial force and the displacement. The
bolt is tightened at the Ffmax (Hmax) point. In case of looseness occurrence due to various factors
as the time passes, the bolt looseness exceeds the designed value range at the Ffmin (Hmin) point
into the dangerous state. To prevent this, Ffk (HK) is positioned above the Ffmin (Hmin) point to
have a role of alarm and notification. Maintenance is requested before Ffk (Hk) reaches Ffmin
(Hmin).

Ffmax (Hmax)

Optical reflective sensor Ffmax=Ffk

Displacement enlarging plate T

Respite position adjustment Ffmax(Hmax) = Ffk(Hk) = Ffmin(Hmin)

Ffmin (Hmin)

Ffk (Hk) =Ffmin(Hmin)

(@) Configuration of reflection-type photoelectric sensor.
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Non-albedo surface element

Safe period
i T Ffmax (Hmax)
Reflective surfaces Ray
(Mirror surface machining) ; Y Ffk (Hk : Warning)

v Ffmin (Hmin)

Hm™(Maintenance period)

(b) Displacement enlarging plate T.

Fig. 6 Configuration of reflection-type photoelectric sensor.

6. Conclusion

Focusing on the maintainability of looseness in bolt fastening, the authors have studied a special
washer that can detect the bolt looseness by using a “mechanism for enlarging displacement by
applying the principle of leverage.” The axial force is change in the internal stress, which cannot
be read directly on the site of bolt tightening. In this study, the authors tried the special washer
that enlarged the displacement of the disc spring washer by applying the principle of leverage.
This method enables determination whether the visual judgment of bolt looseness is “safe (S =
1)” or “dangerous (S = 0).” However, because “dangerous (S = 0)” means that the axial force is
already zero and the fastened state contains a risk, it requests immediate maintenance. In the
elements fastened by bolt tightening, there is no choice but to resort to electric signal to detect the
micro-period of transition from “safety (S = 1)” to “danger (S = 0).” In this study, detection was
tried by using a reflection type photoelectric sensor. Since the detection of bolt looseness depends
on the restoring force of the disc spring washer, the displacement amount under load is important.
From the experiment results, though the displacement amount is minute, when the principle of
leverage is applied to the enlargement of the displacement amount, the minute displacement can
be confirmed. The primary use of the special washer is not for the holding of the axial force but
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as maintenance signal in case of bolt looseness occurrence. If the alert of bolt looseness is issued,
immediate maintenance is required. The disc spring washer used for this study is so small in
displacement amount, it is inevitable that the special washer body should be upsized to raise the
enlargement factor. The authors believe that if this problem is solved, more precise visual
judgment can be expected, which will lead to higher efficiency.
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Development of a Safety Simulator
for Lathe Turning

Abstract  This paper deals with the development of a desktop safety simulator (“simulator”)
to ensure safe lathe turning (“cutting”). The revolving center for supporting work in the cutting
plays an important role of holding the work against come-off and fly-off, though the revolving
center is inclined to be avoided partly because its usage is bothersome. One of the possible worst
cases due to no use of the revolving center is that a fatal accident is caused by the work come-off
and fly-off. The necessity of using the revolving center depends on the protrusion length of the
work from the chuck. However, the judgment of such necessity is too difficult to make for those
who are not familiar with the cutting.

In view of the above, this study intends to conduct experiments of risky work come-off and fly-
off in order to clarify the conditions of the work come-off and fly-off and reflect the experimental
data in the configuration of the simulator. To the configured simulator, the cutting conditions are
inputted. Then, the simulator simulates the cutting on a PC screen. If any of the inputted cutting
conditions is judged dangerous, the work vigorously comes off and flies off, and “WORK FLIED”
is displayed on the PC screen. Since this simulation is run on the PC screen, the operator can
safely learn how the work comes off and flies off. This study is to develop such a simulator for
use in safety education that can be operated as if playing a game with no worry about injury.

I . Introduction

In the cutting field, the NC (numeric control) operation is programed. Before the cutting starts,
the safety guard forcibly closes against the access to the motion space to form a safety structure.
An NC lathe is one of the lathes of safety structure to ensure safety against fatal accidents due to
operator’s being caught up or work come-off and fly-off. In fact, however, there are quite a few
cases where work comes off from the chuck and flies off due to inappropriate conditions of the
cutting. The NC program is designed by proficient technicians who are familiar with the cutting.
To master the cutting, general-purpose lathes are indispensable. The general-purpose lathe has no
safety guard, so that the operator can freely access to dangerous spaces to raise the working
efficiency. However, this induces risks as seen in annual reports of accidents caused by general-
purpose lathes.
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Among all troubles, work come-off and fly-off occasionally may incur fatal accidents, and even
if injury is not accompanied, cause a massive loss, such as product defects and machine breakage,
and is more than close call for operators.

The operation of general-purpose lathes requires a lot of intuition and knack backed up by
longstanding experience and proficiency, and, therefore, they say it takes an operator as long as
ten years to be able to skillfully operate general-purpose lathes. For this reason, it is difficult for
inexperienced operators, who cannot judge the necessity of using the revolving center to support
the work or the extent of risk in the setup operation, to master lathe operation.

In this paper, for the purpose of avoiding serious risk, such as work come-off and fly-off, in the
three-jaw chucking operation for general-purpose lathes, the authors conduct experiments of the
cutting accompanied by work come-off and fly-off, analyze the possible cases of work come-off
and fly-off and the degree of their influence, and, based on the analysis data, develop and fabricate
a “safety simulator cutting on lathes for use in safety education.”

When an inexperienced operator or the like operates general-purpose lathe, he/she inputs various
cutting data, such as cutting depth, to the simulator, and simulates the cutting on the PC screen.
If any of the inputted cutting conditions is defective, the work vigorously comes off and flies off,
and “WORK FLIED” is displayed on the PC screen, urging the re-setting of the cutting conditions.
It is expected that every operator will able to instinctively learn the marginal conditions of work
come-off and fly-off through the simulator, and thereby prevent accidents and disasters. In this
paper, the work material used is only S45C, various experiments are repeated, and the
development of tools for the simulator and their effectiveness are verified.

The fabrication of the simulator was roughly divided into two fields —the creation of basic data,
and the development of software based on the basic data. The software development was carried
out by information experts.

Fig.1 General-purpose center.
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IT. Work Samples and Experimental System

For the experiments, a general-purpose center lathe (WASINO LEO-80A) and a three-jaw
chuck of 230mm in outside diameter (KITAGAWA KA-6) are used. In the experiments, the
cutting is limited to the outside diameter portions. The work material is S45C (HB210), which is
most frequently used by students for practical training, etc. The work is prepared in three different
diameters of 60mn, 80m and 100mm, three different lengths of 150mm, 160mm and 170mm, and
three different chucking lengths of 10mm, 20mm and 30mm. The protrusion length from the
chuck is fixed to 140mm. Since experimenting work come-off and fly-off is extremely risky, a
measure should be taken to prevent it during the experimentation. For this purpose, an
experimental system as shown in Fig. 2 is fabricated, a hole (right circular cone) is made in the
work with a center drill, and the revolving center is locked in such a way that it is at a distance of
approx. 1mm from the vertex of the hole in the work. If the work comes off and flies off during
the cutting, the work displaces and comes to contact the revolving center, and revolves
accordingly. The revolution at that time is detected by a reflective sensor mounted above the
revolving center, and alerted by the lamp lighting and the buzzer sounding. This structure is
schematically depicted in Fig. 3. Also, the cutting resistance is measured to create the data, which
is indispensable to configure the simulator, as shown in Fig. 4. As a dynamometer, Kistler
Dynamometer is used.

PLC o

Promimity senser \

Tall stock

Imm
Chuck i

Revolving center

Fig.3 Experimental system for work come-

Fig.2 Experiment of work come-off and off and flv-off detection.

fly-off detection.

Cutting tool “byte”

——_ B —

Axial force 5 L# Normal force

Fig.4 Measurement system for cutting force.
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Il. Experimental Conditions and Evaluation Cases

The external turning tool used for the experimentation is of such specifications as the upper
take angle of 5°, the back clearance angle of 5°, the tool material of cermet alloy, and the chip
breaker of triangular tip for throwaway at the rake angle of 10°. Table 1 shows the experimental
conditions. The chucking torque shows the turning torque of the chuck handle. When the work
is tightened by the chuck handle, chucking force is generated. The chucking torque, at which the
operators tighten the work in person, is different from the chucking force. Based on the reports of
investigation made on 44 male and female students, the obtained chucking torques are classified
into three groups of 110 (N + m), 140 (N - m), and 160 (N + m), which are further divided for
better feeling and recognition into three intensity levels of “Weak,” “Medium” and “Strong.”
Three evaluation cases are set: (1) Normal cutting, (2) cutting accompanied by work come-off
and fly-off, and 3 cutting accompanied by work sinking into the chuck. The actual work setting
state is shown in Fig. 5.

Table.1 Experimental conditions. (Dry cutting)

Chucking torque Weak (110N-m) Medium (140N -m) Strong(160N-m)
Chuckingforce  |244x100N)  [sosxio0N) | 366x100(N) |
Cutting speed 114,116,126(m/min) |114,116,126(m/min)  |114,116,126(m/min)
Chucking length 10(mm) 20(mm) 30(mm)

Cutting depth (D) 2(mm) 4(mm) 6(mm)

Cutting velocity 0.21(mm/rev) 0.25( mm/rev) 0.32, (mm/rev)
Work diameter 60(mm)~100(mm) |60(mm)~100(mm) 60(mm)~100(mm)

Fig.5 Three-jaw chuck.
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IV. Relation between Chucking Force and Chucking Torque

Since the chucking torgue is reflected in the chucking force when the chuck handle is turned, the
relation between the chucking torque and the checking force should be obtained. The measuring
system for the turning torque of the chuck handle, which is an important component of the
simulator, is designed and fabricated by using a strain gauge and a PLC for simplicity. The torque
measuring system is calibrated to adjust the torque by using a torque wrench available in the
market, and the chucking torques of 44 male and female students are obtained. Thereby, the
effective range of the tightening torques with the upper and lower limits is determined.

Then, the chucking force generated by the tightening torques is obtained, and the relation between
the chucking handle turning torque and the work chucking force is obtained. This is an
important measurement experiment for grasping the calculative relation of the work come-off
from the chuck, and the force required for the work sinking into the chuck.

As shown in Fig. 6, the authors have developed a chucking force measuring system to obtain the
relation between the chucking force and the chucking torque.

Furthermore, in order to narrow down the work fly-off extent and reduce the number of
experiments, finite element analysis is made concurrently, and experiments are conducted to
investigate the relation among the chuck handle turning torque, the chucking force and the work
fly-off based on the experimentally obtained basic data. For analysis, the contact analysis of the
finite element analysis is made by using analysis software “ANSYS.” Fig. 7 shows the finite

element analysis made in the investigative experiments.

Fig.6 Measuring system for chucking force.
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Fig.7 Finite element analysis.

V. Experimental Results and Their Considerations

A Results of evaluation of work come-off and fly-off specific to work diameter and cutting area, and
their considerations

Figs. 8, 9 and 10 show the chucking lengths, the cutting areas, the work diameters, the chucking
torques, and the work come-off and fly-off limits. Fig. 8 shows the work come-off and fly-off limits
of the shortest chucking length of 10mm. The largest cutting area at the chucking torque of 110 (N -

m) for the work diameter of 100mm is 0.32mm? (feed velocity 0.32mm/revxcutting depth Imm). In
contrast, at the chucking torques of 140 (N - m) and 160 (N + m), the work up to 100mm in diameter
can be cut up to the largest cutting area of 0.5mm? (feed velocity 0.25mm/revxcutting depth 2mm). In
Fig. 9, at the chucking length of 20mm, where the largest cutting area is on the same tendency as the
case with the chucking length of 10mm, the work of 80mm and 100mm in diameter can be cut up to
0.5mm? (feed velocity 0.25mm/revxcutting depth 2mm). For the work of 60mm in diameter, at the
chucking torque of 160 (N + m), an infinitesimally small increase of 0.1mm? is shown from the case
at the chucking torque of 110 (N - m). Fig. 10 shows the data at the longest chucking length of 30mm.
At the chucking toques 0f 140 (N - m)and 160 (N - m), the work can be cut up to 0.5mm? for all
diameters (feed velocity 0.25mm/revxcutting depth 2mm). From these results, the chucking torque
should be 140 (N - m)and 160 (N - m) or more to achieve stable cutting. On the other hand, compared
with the work diameter of 60mm, the work diameter of 200mm tends to be larger in cutting area and
less frequent in the occurrence of work come-off and fly-off. The cutting torque is indicated as T =
Ft - D/2 (Ft is the main component force), which shows the reverse trend here because the larger the
diameter becomes, the larger the cutting torque facilitates the occurrence of work come-off and fly-
off. Since the cutting resistance remains in the same range under the same conditions, on the chucking
side as well, the larger diameter (radiusxchucking torque) is more influential than the cutting torque,
which seems to be substantially related to the roundness of the work holding portion of the three-jaw
chuck. This is an assignment to be dealt with. Fig. 11 shows a scene of the experiment.
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Fig. 11 Work come-off and fly-off experiment.

B Composition of the safety simulator for lathe turning

The operating environment used for the software development is as follows:

OS: Windows XP

Development language: Java, Java3D, Java Communications API (serial communication)

Ul: Swing (to ensure the same layout regardless of OS)

Java was used as a development language. Java can be used for OS of any environment (e.g.,
Macintosh, Linux), while VB and C++ are easier for creating GUI (graphical user interface) but
applicable only to Windows. At first, 3D creation was tried by using OpenGL, but switched to
Java3D because no class was available to column creation.

Chuck
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Cutting depth
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Chucking force

ENCEE IEBC N

>

Toreue Cutting limits in
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Fig.12 Safety simulator for lathe turning.
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Work come-off and fly-off experiments are conducted on the work of 60mm, 80mm and

100mm in diameter to obtain the relation among the cutting area, the chucking length and the
chucking torque. Fig. 12 shows the screen of the “safety simulator for lathe turning” for use in
safety education, which was developed based on the experimental results. This software was
developed by using Java with various experimental data incorporated in it for judging danger. If
the safety limits are exceeded, the occurrence of work come-off and fly-off is displayed, and the
simulation is interrupted. In Fig. 13, the entire 3D image of the work cut in the simulation is
turned around to show in animation.
To simulate the cutting, firstly, the operator selectively inputs the intensity level of the chucking
torque from among “Weak,” “Medium” and “Strong.” In order for the operator to enable this input,
he/she should grasp his/her chucking torque beforehand. Each operator is requested to measure
his/her chucking torque with the chuck handle turning torque measuring equipment described in
Section 4 and grasp his/her chucking torque. Then, the operator inputs the feed velocity, the
cutting depth, the work diameter, the chucking length and the cutting velocity from the respective
control select boxes, and presses the START button to start the cutting operation. At that time,
three component forces of the then cutting resistance (main component force, thrust component
force, feed component force) are displayed. If the selected cutting conditions are not satisfied,
“WORK FLIED” is displayed. Fig. 14 shows the “cutting limits” button provided in the final
response to the cutting limit value. The maximum cutting depth and the maximum feed velocity,
which are permitted under the selected conditions, are displayed. When these maximum values
are not exceeded, the cutting operation is safe with no work come-off and fly-off.

C Application to the NC lathe program

As shown in Fig. 15, the chucking torque (oil pressure gauge) and various conditions are
inputted and “Cutting limits” shown in Fig. 14 are displayed in the NC lathe turning operation,
and the cutting depth limits and the feed velocity are grasped at the time of NC programing. This
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prevents the work come-off and fly-off to ensure efficient cutting operation.

Cutting limit
GO0 X110.Y3. i Cutting ! E Feed velocity i
X96. | [
z01 Z-80.F0.3 ¥
GO0 X96.Z3. Reduce either of them.
(&l NCnroeram (b) Selection of conditions to prevent

work come-off and fly-off.

Fig.15 NC program and cutting limit.

VI. Chucking Torque Adjusting Jig

The chuck handle turning torque, which is related most closely to the work come-off and fly-
off, is set in simulation to “Weak: 10 (N + m), Medium: 140 (N + m) and Strong: 160 (N * m).” In
actual operation, it requires considerable degree of proficiency and intuition to precisely tighten
the work at such chucking torques. To solve this problem, the authors have developed such a
“torque adjustment chucking jig” as shown in Fig. 16 that allows everybody to repetitively tighten
the work at a constant chucking force. This jig has incorporated a strong spring into three locations
in the outer circumstance. At the end of each spring, a steel ball is deposited. The spring force is
adjusted according to the chucking torque by the mounted screw. Three jigs are fabricated, one
for “Weak,” one for “Medium” and the other for “Strong.” These jigs are calibrated, and used for
chucking. By using these jigs, unevenness in chucking toque varied operator by operator can be
eliminated, even chucking torque is ensured regardless of operators, and precise simulation can
be realized.

(b) Replacing the hig. (a) Chucking torque.

Fig.16 Chucking torque adjusting jig.
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VII. Conclusion

For a person who has never operated a lathe, it is difficult to predict the intensity of rotational
energy of the lathe and various risks due to the rotational energy. For this reason, there is no end
of lathe accidents, such as being caught, being hit by flying work, and incised wounds.

Among all, accidents caused by flying work due to unaccustomed operation often lead to fatal
accidents. They say that it takes many years to make a full-fledged operator. In the course of
becoming a proficient operator, every operator should have various dangerous experiences. When
a person first tries lathe operation at a practical training site, he/she has little sensitivity to the
danger of lathe operation.

The authors have developed the simulator for use in safety education for such beginners, and
put the simulator into practical use as a cutting training material for beginners who are not yet
ready for starting lathe operation.

Fig. 17 shows a scene of training of lathe operation by using the simulator. Since lathe operation
can be learned as if it were a game, the simulator is favorably evaluated by students. A strong
point of the simulator is that various conditions obtained through the simulator can be reflected
in the practical lathe operation. In fact, since this software was introduced, the students have
become more cautious of lathe operation, which has reduced the number of accidents caused by
the work come-off and fly-off. Some students carefully repeat tightening, from which the authors
presume that the effect of the simulator has begun to exert.

This desktop simulator is useful for inexperienced operators who cannot judge whether or not
the work will “come off and fly off.”

Fig.17 A scene of training by using the simulator.
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Many operators, who have been accustomed to lathe operation to a certain extent and can roughly
make a judgment of work come-off and fly-off, do not push the work-supporting revolving center
at times. This is because they anticipate “botheration” or “troublesomess” about the break of the
center drill or the interference of the cutting tool “byte” with the revolving center. This human
error may cause fatal accidents. Also, by using the simulator, the operators can learn the limits of
the cutting conditions, and the necessity of using the revolving center.
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