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Plate

(c) Modification of nut shape

Fig.2.1 Previous studies to reduce stress concentration by nut profile
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Table 2.1 Load share rate of bolt thread ®

Pitch number | A P, Py P, P, P P P B, P

6 33.7 122.9 | 15.8 | 11.4 |87 |7.5

8 33.3 122.3|15.0 | 10.2 | 7.0 |5.0 [3.9 |3.3

10 33.1 |22.2 |14.9 | 10.0 |6.7 (4.6 |3.1 |2.3 |1.6 |1.5




Fig. 2.3 Loading share of bolt
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Fig. 2.4 Stress at the foot of bolt thread
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Fig.2.7 Damage causes and measures of bolt and nut
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Fig.2.9 Typical shape of CD bolt
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Fig. 2.11 Axi-symmetric model of standard thread
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(a) Tapered bolt thread
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Fig. 2.12 Axi-symmetric model of tapered thread
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Table 2.2. Comparison of FEM and BFM on stress concentration factor K;

FEM | BFM | error [%]

Stress concentration factor K; 4.803 4.790 0.269
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Fig. 2.14 Axi-symmetric model of cylindrical bar having a 60°v-shaped circumferential groove
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21988 nodes
28099 elements

(a) Bolted joint (b) Nut

(c) Bolt having tapered threads (d) Bolt having standard threads

Fig.2.28 Three-dimensional finite element model
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Fig. 3.1 Anti-Loosening bolt
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Fig.3.3 Change in the course of processing
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Fig.3.4 Change in the course of fastening
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Fig.3.5 Relation between stress and strain
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Fig.3.6 Analysis model
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(a) Detail of thin walled tube

Fig.3.7 Axial symmetric finite element model
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Fig.3.8 Relation between axial force and displacement (L=5.8mm,R=Imm,t=0.6mm)
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Axial Force F(kN)

AF

Phase Difference a(mm)

Fig.3.9 Relation between axial force and phase difference

Table.1 Dimensions of different length L
(L-L1=1.9mm in Fig.3.3, R=1.0mm, t=0.6mm in Fig.3.6)

Spring

Length of thin Spring .
factor Prevailing torque
walled tube L back
k Ts(N-m)
(mm) X b(mm)
( x10°N/m)
4.8 4.36 0.04 25.08
5 3.88 0.04 23.86
5.8 2.63 0.06 20.64
6 2.42 0.06 19.83
6.8 1.89 0.07 17.73
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Axial Force F(kN)
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Fig.3.10 Relation between axial force and displacement of different
length(R=1.0mm,t=0.6mm)
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Fig.3.11  Relation between axial force and displacement of different curvature
R(L=5.8mm, t=0.6mm)
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Fig.3.12 Stress distribution of different curvature R (L=5.8mm, t=0.6mm)
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Table.2 Dimensions of different thickness t
(R=1.0mm, L=5.8mm)

. Spring .
Thickness of Spring o
. factor Prevailing torque
thin walled tube back
k Ts(N-m)
t (mm) X b(mm)
( x10°N/m)
0.8 5.37 0.05 36.98
0.6 2.63 0.06 20.64
0.4 0.77 0.07 7.75




Axial Force F(kN)

Fig.3.13
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(a) h=0.4mm

(b) h=0.6mm

(c) h=0.8mm

Fig.3.14 Distribution of G,
(R=1.0mm,L=5.8mm)
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(a) h=0.4mm

(b) h=0.6mm

(c) h=0.8mm

Fig.3.15 Distribution of g,
(R=1.0mm, L=5.8mm)
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XY T MY TETIIINm TR REITHY, FAIEOMEREL ERICH
RTEBHO. SN0 e, EIEOT Aoifie, #K 3. 17, K3. 18ITxr7T. X
3. 14, K3. 15&HEXTLHROTHOMEIT I/ 0.

—~~ 14 I I I I I I I I I I I I
Z
< F
0 L Rigid body
® Gz
o |
o =04
L | 7
S ‘r
x -
<
.66 -
Processing 5.56
4\ Fastening
and
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| | | L l 8$ L ]193 L |

0
00020406081012141618202224
Displacement z(mm)

Fig.3.16 Relation between axial force and displacement
(R=0.5mm, L=4.8mm, t=0.4mm)
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Fig.3.17 Distribution of G,
(R=0.5mm,L=4.8mm,t=0.4mm)

-0.088

Fig.3.18 Distribution of g,
(R=0.5mm,L=4.8mm,t=0.4mm)
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3. 4. 5 AEBRAMHEE

RSN ZN H D DT, A—s3—2A X v KR/ MIFER LOHEREZ FBET 5.
NARZEN Z OFEAMEREIC B B A2 I L EXLNDHDT, MIKOEMEL A
Z 1. 7~2. 0mm (AT DOALFAZE 0. 3~0mm) & 2L SHCTELRTSH. MR L Y
T BRSBTS 2l & 2 FROEMOBBREZR 3. 1 9I1R7.

K3. 19, £4X0, fiHENEDL-TYH, ITREHKEENLHE VAN L
WOT, ZURY T M7 bHED L LRV, LU, fMEENRRELS 2D &,
fiibiAte & X OMEFENRE L 2D, fHiAtr & ZITHEERENEERD T L,
B R ONAHZEDS RGNS W E Z M TRAEIC K > TAHZEDN 0 &> T LE D A
REMEZBRET 5 L&, HoERMAHZEIZ 0. Imm EF X L5,



20

15

14.5 |

F 0=0.35
Rigid body
7] a=0.25

i

10|

0.0 0.5 1.0 1.5 2.0
Displacement z(mm)

Fig.3.19  Relation between axial force and displacement under various phase

differences

Table.4 Results of different forced displacements

Forced displacement x ~ (mm) 1.7 | 1.8 | 1.9 2
phase difference a (mm) 0.35 | 0.25 | 0.16 | 0.06

Spring factor k x10® (N/m)2.579(2.575|2.572(2.575

Axial force F (kN) 14.56(14.53|14.51|14.46
Prevailing torque Ts  (N-m)(20.71{20.67 |20.64 |20.58
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3.5 F&&H

AFTENEA—/R—=R2 X > RIRV N OFEFHIEDIEREE I T D72, AREFEIET
TR SO TR A2 s I ab—a v Lz, TORE, @)L ERHBOLER
DOBMREA LI LIz, £ LT, ERIEOMREICEE R WEE 5 2 2 A O ki
R EBR LT, AENBRNHEEZRO-. SRt 05 EUTO LI T2,
(1) Ao R=1. 0omn, E & t=0.6mn & EFE LT, HEHOE S (L=4.8~
6. 8mm) DEAZFI 7=, B S L 280N S8 CH PRI RIE S I8 L 7
V. Ko THEBEO S HANAEL D L=4.8m Bl & 2 b 5.

(2) JHEAEBORE S L=5.8mm, JEX t=0.6mm ZEHE LT, M= R (0~1.0mm) D

BT RS RERR R 1T A — /8= 2 X v RV F OfEH LD MERE
EIEREEICHE VB LW, LoT, IS/ NSV R=0. 5mm 3BV &5 2
L.

(3) JEAEROHF L R=1. 0mm & K & L=5.8m ZEHE LT, ES t ORELH
Nz JBEINEL 2D L, EREOBMEMREN R 8D, 20D, FEREICH
EADRUN t=0.4mm Nl & B2 Hivb.

(4) RA—"—R% v RRV NOFEAHIED DOPEREZ: B NI E R HE RE D)
TG HRML AR NP aBETHZEIZLY, JISMI6 A—/3X—RX K v RRL
k DO 72 ~HEE LC R=0. 5mm, L=4. 8mm, t=0.4mm Z757-.

(5) EREREOMAEZEIZA—/S—RZAF v RARIL FOFEIEDMEREICHE D
B 7p, Lo T, REOIALBEOIBMI S/ NE VN, AFEZEDY 0. lmm~0. 15mm 723
EELWEEZHNA.
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FBAE A——uv7Tty OBREBHORKERF

4. 1 # =

A, fix OfH LD T R INT, TR INTWD. §F3FEDA—N
— A&y ANV NERIUFETH 4., 10X A—"—av 7 )y BRI
7=V ZDA— =1 v 7 F oy MIHEM TR IO N ATRET, M0 LAY ATRE
ThHY, T—, MOMITR RS TORE L. £70, (EETREN 1 TR TK
DT, BILICEERTX A, K4, 2122 ——a v 7 F v FOFERILDDFEH %
AT K4, 2SN BRI UE, T UEE S5 TERE D AT 5 2 &
IR B D, ZOHREZE S RICEE IS5 LT, ALoixH sV IREEICE
WA ZRET D, ZOMMEZEDIFIEIC LY, FHARFCHRNINEIEZER (N
IR 75, Tk, Ao UILOK L~ NAlOBfE 4, )7 mar N
K AEERFE LY 7Y v 7452 8 TREAEH S E W IR > T s,

X 4. 21TRTREAIEDT v MCBWT, ZOBRIEORRICEERZEL 5.2
D DOITERANREORETH D, £ 2 TARIFETIE, AREREZ AN TAAREO
Tk &R DR ORI B NS, BRBR R N REDOIRSZ ORUETEIZ O
TR 5.



Fig. 4.1 Photograph of super lock nut

Upper
) threads

| Thin walled
Bolt tube
Lower
X Nut
‘ threads
\
Detail

Fig.4.2 Anti-loosening theory of super lock nut
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4. 2 FENTETIN LFEETHIE

AR TIX, A—/"—v v 7 F v FOERBOIR LR IEDNROBIRZ B L
T5H., A—"—n v rFy hOMIEBREEZX 4. 3|, fMEEREEZK4. 4187
4. 3 (a)di@E D M6 AL RL FOEEHINEHITDH E L HIZ, ESX L O
EAMANSEID ERY, A AEER L7-RETH D, Z DIRIE CHEHAERIE DR
COMAEZEIZ O TH D, £2X4. 3 O)IEEREIZACILOE v F (p) LV T
IZ/NE W (p-a) DIEMEZETE (a 1T 2 52 72 RETH Y, 4. 3 (o)D)
MH b IEFATY TNy 7 LICIREETH S, Li=L-(p~a), L= Li+b OBARLD,
4. 3 (c) DIRAEETONAHFE .= a+b=p—(L-L,) DEEZENRHD. £7-, K4. 4 (a)
IEK 4. 3 (c) &R UHEREATOREE (Li=Ly, as=ar) TH Y, K4. 4 (e) lTHEREIAIC
REAEZEN 0 L7goT-RBETH D, T2, 4., 4 OIEb7ETFATY TRy 7 L
TCREETH L. 2o OWMFEDIENT 5B, M EHE S20C & LT, RIS F71E 289MPa,
YR 2106Pa, RT V0.3 & Lz, #HE~DENEOTHOBEZEAEK4. 5
2R

TR SRITX 4. 3 (a) DHERS T, L=5~8mm, R=0~1. Omm, t=0.4~0. Smm 0D #i [}
TEDONEDOBEBRZOWEBYERTSH. K4, 6 DL, HERGEELELTE
TIOVIER & EEREIZE AR L, EXVREIERE 2 F R OGN TET VIS LA
5.

FRNTICIZ AR EREEZHNT, A—s—a v 7}y N OEREO X FRET L
(4. 7)%FE LT, MEBMHERERBT 21T 5. 2EHRIT 2082, i 5% 2243
Thsb. K4, 3ITRTEICA—R—ay 7Sy FOMLTIEH4. 3 (a)—(b)
DEBBIEL K 4. 3B)> () DATY IRy 7 OBBNREENDS. ZhEX4.
7 DETIVOIEHME LR TRIT D, 512, 4. 4ITRTA——m v 7T v
kN OFEAH T IRAR I ZERSOMARZEN 0 72 b7, K4, 6 DET VO TEEL
T 5.
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Pressing disp.=a+p lSpring back=b

AT T

|

I

I

1

o~ |
- ‘
|

N
-

L1=L-(p-(1) L.=L:+b
o= o2=p-(L-L>2)
(a) Before deforming (b)Loading and deforming(c) After unloading

Fig.4.3 Change in the course of processing

| | | | | |
> 3 il
(d) Before fastening (e)Fastening (f) After loosening
Ls=L> Ls=Ls+o Ls=Ls+b’
os=0l =0 os=p-(L-Ls)
Fig.4.4 Change in the course of fastening
< 600 ———— L R L B L R B L B B
(o
=3
2 500 -
4
n
400 - .
300 £ .
200 -
100 | -
O ..... Lo Lo 0 Lo | T S T T
0.00 0.0 0.10 0.15 0.20 0.25

Strain ¢

Fig.4.5 Relation between stress and strain



Rigid body
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Z) \Z

e

Fix

Fig.4.6 Analysis model
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Thin walled i
tube >

(a)Detail of thir
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Fig.4.7 Axial symmetric finite element model
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4. 3 N - RERERRORELS) & 2 DEEGR
FEEBR LD YV, EREIRE X OUEARSEA 4. 8ITRLT, %
FHAFAZEIX 0.4 D720, JEMEL A a+p=2. 4mm & L7=. L=6mm, R=0.5mm, t=0.65mm
DL EIZ, MR EFEEREOF Yy hofEE# 1 LR 2 TRy, K )
Lz OB OBMERE X 4. 81T, K4, 8 Tl@~HDixX4. 3, K4.
4 D (a) ~ O ITHIST 5.

F1ER2OFRZLAND L, WEBRELZBE TN, ARERIETOMELEHE
BRORERIIRERLS KL TWBLZ bbb, ATV TRy I NELDTD
(FEM: 0.036mm, Experiment: 0.048mm), FEEEONAEZEIX 0. 4mm LV /&y (FEM:
0. 364mm, Experiment: 0. 344mm).

X4. 9D (c) TREND LI, MIWFLUT X - T 2.36mm OKALFENAET
L. FO%1IBIEORYAFIFIZE DAL N ORI NEEZEE L, 2.36-2.035=
0.33mm DOKAZEENELD (X4, 9(e), (f)). 2 EHLEOERMITEIXT LT,
EITATHME L 725D T, W) EEMOBRIZK 4. 9D (e), () MOBET
FREIND. A==y 7Ty hOFTVRY T VT T A0S H = ZEDG
B (1) 5, #ETHZLENTE, 1497TNm &2 5.
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_ 'y
ol Ny
N Hﬁ H% o~ U

4.0 L 13.0
23.0 24.0

Fig.4.8 Initial dimension of M16 SLN

Tablel. Dimensions in the course of processing
(L=6mm, R=0.5mm, t=0.65mm)

FEM | Experiment

Height before deforming
h [mm]inFigd.3 | 23000 23.009

Height while deforming

h | [mm] in Fig.4. 3 20.600 20.617
Height while unloading

h, [mm] in Fig.4. 3 20.636 20.765

Spring back
b [mm] in Fig.4. 3 0.036 0.048
Phase difference
o[mm] in Fig.4. 3 0.364 | 0344
Table2. Dimensions in the course of fastening and

loosening (L=6mm, R=0.5mm, t=0.65mm)

FEM | Experiment

S ol in Flod. 4° | 20.636 | 20765
Hilfﬁtnm}]nllﬁ %}g_ﬁ?jﬁg 21.000| 20831
Hﬁf{‘;ﬁfﬁeﬁfgi’gzﬁﬁg 20967 | 20.788
B i Fiad 4 | 0331 | 0023

Prevailing torque
Ts N-m 14.60 16.00
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2 15 [+ 1 T LU R R R B B R B AL R R R B L R
< I (€)(2.1mm,10.52kN)
§ 10 - Fastening and loosening ' ]
? i After second time c)=(d)
= 5t ( ) T~ Ecé%Z)S(ng)}m
2 1 () (f)2.04mm ]
< 0 / \ / 1
5 Fastening and loosening 1
(First time)
-10 | ]
-15F Processing (b)(2.4mm,-10.29kN) ]
-20 C . .y

0.0 0.5 1.0 1.5 2.0 2.5 3.0
Displacement z(mm)

Fig.4.9 Relation between axial force and displacement
(L=6mm,R=0.5mm,t=0.65mm)



97

4. 4 BHLEDOMRBICEEL RIZTTEREBTORIR
KREDFFERRA— =1 v 7 F v N b RO N B 22X, EREOIER
L EDD. ZORXRBREIIA— —a v 7Ty FOREAIED OMFEICEE R
BEHZDHOTLUTTELRET .

4. 4. 1 ERAFORIL

HERERO M R=0.5mm, JEX t =0.65mm & LC, £ L 283, —CDE
MaZ2TE 2. 4mm & 5-2 72 2 & OfMTfEREZFR 3 L X 4. 1 0I1TRT.

3LV, HAMOEINKEL b L, MLBRIZBITDZAT U 7Ny 7%
B, MARZEERDT 5. £72, BHTRRICET 2 IERERIIED T 5720,
BPEINMER T D, & AN, WSS IEKRT 5 L, B T RRIcRE T 28
ETDH. E6IT, 22NV BNNEL R D TDICkEHIEDOMRENMETFTLTLE Y Z
CITIAT, MTaARNEL< b, LER-T, £3 L0, MTHIORIRE LT
L=5mm 23 T D Z ENbinb.

Table.3 Dimensions of different length L
(L-Li=2.4mm in Fig.4.3, R=0.5mm, t=0.65mm in Fig.4.6)

. Spring :
Length of thin Spring .
factor Prevailing torque
walled tube L back
k Ts(N-m)
(mm) X b(mm)
( x10°N/m)
4.8 4.36 0.04 25.08
5 3.88 0.04 23.86
5.8 2.63 0.06 20.64
6 2.42 0.06 19.83
6.8 1.89 0.07 17.73
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Fig.4.10 Relation between axial force and displacement of different
length(R=1.0mm,t=0.6mm)
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4. 4. 2HRPER

WAEORS L=6mm, S t=0.6m & LT, #i%R2ZLEEL R % 0.0,
0.5, 1.0mm & L7 & &2, —TEDEMEI 2. 4nm & 5- 2 7= = & O} & s )7 a2 4T
OEFEZK 4. 1 1ITRT.

4. 11Xy, SABORS L LES t i3 E& LT, R RAIEHLLTY,
R OITREB LB DHEREDEEI TPV, 0T, K4, 121257789
RISTTIRFER ZE9 5. ZODIEIRER RS L, R /INEL 25 L ERERO M
AL S T N U, WC RISKRE 725 &, TERERO th e o A
HCH. bbb, WAEBOMER R IZERTOG R EER KX,

[N
(6]

R=0.5mm R=

(6]
I
o
|

R=

=
=
LL
3 10 - -
(@)
LL
<
x
<

R=0.5mm R=1Imm

_20 PR S ST T T SN ST ST SN NN TR TN SN SN [N T SN S S R SUN U T S S T S T
0.0 0.5 1.0 15 2.0 2.5 3.0

Displacement z(mm)

Fig.4.11 Relation between axial force and displacement of different curvature
R(L=5.8mm, t=0.6mm)
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-764

(b) R=0.5mm

(c) R=1.0mm

Fig.4.12 Stress distribution of different curvature R (L=5.8mm, t=0.6mm)
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4. 4. 3 HERTOEXt

AT OMREL R=1.0mn £ S L=5.8m N —EL LT, EX t 28 &Er.
AHEOREREE 2 1R

K210, ES T 2D L ARMEHD NS, ATV TRy I RREL
L. L, BAEORES t 13 T, B L DMERE A I T X D0 AH 278 22 %1 23
K& R0, WEEAIERT 5. TR & B (HEfRIc K (@) &z J5i
DOEMOREZEERK 4. 1 3(R7. K4, 1350, t=0.4mm O & &, NMTERED
BRI LT AMIEFIALL 220, FHEROFT b/ hESWnWZ Enbng. +hb
B, HEENAELS DL, RV MEMLLEL 20, MHZEOBRELZIFAET HHEA
DR RDTCDERBR S L 72 5.

BNT, BES t DB T D EEDINNDMEBLET L. HERAMNERT L L X,
HhFW 2 ISR —FERE V. £ 2T, HREOIS o, D434 & DT Fre, D5y
FizK4. 14, X4, 15107

K4. 14, 4. 1559, h=0.4 DL &, SN EOTEOMN—F/NE
WZ EDRbns.

Table.2 Dimensions of different thickness t
(R=0.5mm, L=6mm)

. Spring .
Thickness of Spring o
. factor Prevailing torque
thin walled tube back
k Ts(N-m)
t (mm) X b(mm)
( x10°N/m)
0.8 5.37 0.05 36.98
0.6 2.63 0.06 20.64
0.4 0.77 0.07 7.75
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Fig.4.13  Relation between axial force and displacement of different thickness t
(R=0.5mm,L=6mm)
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(@) t=0.4mm

(b) t=0.65mm

(c) t=0.8mm
Fig.4.14 Distribution of ,
(R=0.5mm,L=6mm)
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4. 4. 4 BREOEKERIR

JEE t=0. 4mm A5 E LT, b7t R & 72 & S L3 R=0. 5mm, L=5mm &
LT, ZOMTImEEfEOMITImBRA BT 5. TR s R FFmEfEo & & o
i) & 2z FIOEMOBRAZK 4. 16157, K4, 16 X0, BYHIFEERC
BOWTHEIMET LT, 3.49kN 2720, A— N—u v 7 F v NOFEHBES L5
ZERbMDL. £, TIRY T ML IET,=50Nm & 720, §E 1L DPEREH
BIND. ASRBEET =8.73x10" TH Y, +0/hSWVWDT, s S KE0.
o, A L ANVE O e, A A 4. 17, X4, 18I T. ZOISIoA
EWEOT AOMDBRE TH D EZ 2 HND.

T T T T T T T T T T T

(2.0mm,3.49kN)

(@)

N
—

2.16mnTj

2.04mm / 1

Axial Force F(kN)
N
T

o

(2.2mm,-3.64kN) |

_101111
0.0 0.5 1.0 1.5 2.0 2.5

Displacement z(mm)

Fig.4.16 Relation between axial force and displacement
(R=0.5mm, L=5mm, t=0.4mm)
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Fig.4.17 Axial stress o, distribution
(R=0.5mm, L=5.0mm and t=0.4mm)

Fig.4.18 Axial strain g, distribution
(R=0.5mm, L=5.0mm and t=0.4mm)
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3. 4. 6 AEBRAMHEE

NARZENRH D DT, A—s3—1 v 7ty MIFREAEDERIBEIND. Lo T
NABZEN Z OFEAMEREIC B /B % TS, £ ZC, (MAHZEOE{L OB L~
L2, INTEEOEMHL A% 2.1~2. 4nm OFPHTELEED. oL x, NLE
FEEHUO AR & & DR () & 2 FEOBMOEBZREXK 4. 1 9I1TRT.
M4, 19ERA4LY, MHAENEDSTYH, ERBEET IR T L7 1EH
EVEN LN EnbD. L, (MMHEENKELS RS L, fibiAted XD
MEITIALS 725, FiOIAT & ZZT X TOEERMMEER LD &, A
EhBZTC, BAENRNHZESE LTO. Inm~0. 15mm 23R E 5.

[N
(6]

[N
o

(€3]

Axial Force F(kN)

o

-10

-15

_20 1 1 1 1 1 1 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Displacement z(mm)

Fig.4.19  Relation between axial force and displacement under various phase

differences

Table 4 Results of different forced displacements
(L=6mm, R=0.5mm, t=0.65mm)

Forced displacement | » 40 | 550 | 214 | 2 10
z[mm] ' ' ' ’
Phasg[dnllffrg]rence 0.36 | 0.16 | 0.10 | 0.06
Slgr;fll%;;f]‘;rtgr 3.048 | 3.068 | 3.050 | 3.077
Aga(lk%ce 1026 | 1033 | 9.76 | 8.62
PrevaTliﬂﬁggfque 14.60 | 14.70 | 13.88 | 12.26
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EXE

ARIFGETITA—/N—11 v 7 F v FOFEAIEDVEREZIA LN T A7, kb EE
TR N RER ORISR LU, ARERETINLSRE SO IEEEs I 21—
vav L., TORE, ) EENHOEREORBRBREH LN L. LT, EH

1k D RE

(CHEERE LG X DR ORELTIREEE5T 5 L L big, GER

MAHAEZ RO, fhimae ELODLELLTOLIITRD.
HEA : LT DfFaE 3E LA CHEHIZL TS S

(1)

(2)

(3)

(4)

(5)

RSO ~HE (4. 6) A L=6mm, R=0.5mm, t=0.65mm, p+o=2.4mm O
Lx, FEREREDZE RV Ts=14. 60N m D3N DZ LT, A—s—a v/
Ty b O IEOVERREZHET H Z LN ARETH 5.

o fh =R R=0. 5nm, JE & t=0.65mm & LT, £ & L% 5~Tmm £k SH
7o FHEOMEE LY, REBREL 2D 2 LN A LRI TR0, £ L
T, T3 A b EREAIEDIEREER B 2 T, THUE, HEEHE S Li3E<
T 5H.M6 A= "—y 7 Fy b OFERER S L=bmn 2N & B X HID.
RN OR &S L=6mm, JE X t=0. 65mm [T —E & LT, #HH=ERR (0~1.0mm) D
WL AT A A SRR R XA — =1 v 7 T NORERIED
PERE L IZREICH E VB L2, X o T, I SIH3IN S U8 A 3 1 v
P R=0.5mm NEWVWEB X HND.

MR O il SR8 R=0. bom & = & L=0. 65mm AAEE LT, ES t OFEL
AT, BINHELS 72D L, HRHMOBYEMEREN LD, 20720, 18
FEWZRIED 720 ) 2, R OE S t I/hSWIEI NN THhDH. Z LT,
M6 A— 38— v 7 F v b OBHEREE t=0. 4mm 235 & & 2 HiLH.
B\, MARZEDOREL B LTz, MMAZEIZA——a v 7T v FDkEHR
IEDHEREICEEN 2. 72721, KO IATRFO MR 2729, {if
FAZEDY 0. Imm~0. 156mm NLFE LWV B2 HND.
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WHE TUuZ—Fxy XTI v bOISHETENHREZEARIED
Zhig

5. 1 AHEOHB

RUEHAWTREL, BRARS TH O 2N O THh D 2 & 72 B DI - #EmIC
MEIASHEH SN TS, LML, ALK ET v N THikE STV DRIEWCR L MO D IR
555, AL DTy FORERSS, L DR COBHENFICRIEE ST Y .
ZDOXRIIREEDOFIV b « Ty NOREEH D 128, $FEHFIEDRD B DFHA DAL b -
T RBREINTNDEND O, 5EkDiEIAIEDT > MIX T AT b X DY) ek
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Fig.5.1 Anti-loosening outer cap nut
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Fig.5.5 Axi-symmetric finite element model for bolted joint
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Fig.5.10(a) Load distribution of bolt-axial force of standard nut
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Fig.5.10(b) Load distribution of bolt-axial force by standard nut
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Fig.5.11(a) Load distribution of bolt-axial force of outer cap nut when outer cap

is made of elasticity and initial clearance l;=0.2mm (F»=52.9kN)



Load distribution [%]

35

[ =Y
o

[N
(&)

| | | | |
outer cap
i =2
I =1
" Bolt & Bolt <]
~
- ~ gm Three-dimensional model Axi-symmetric model

L LN

 Initial clearance ~

L N /
| N /

- —6— Three-dimensional model h N

[ — B - Axi-symmetric model

1 2 3 4 5 6

Pitch number from nut bearing surface : i

127

Fig.5.11(b) Load distribution of bolt-axial force of outer cap nut when outer cap

is made of SS400 and initial clearance li=0.2mm (F,=44.6kN)
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Fig.5.12 Load distribution of bolt-axial force of outer cap nut with varying bolt-axial
force Fp when outer cap nut is made of SS400 and initial clearance ;=0.2mm
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Fig.5.13(a) Load distribution of bolt-axial force of outer cap nut when initial clearance
li=0.2mm by three-dimensional model (Fo=44.6kN~52.9kN)
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éNut
i g_ outer cap|
Bolt <] Bolt 2

- ) i
Initial clearance C:)t

L = ] i
II 02 :?@ Bo]t

| | | ! ; | | I |
-60 -40 -20 0O 20 40 60 80 100 120

Rotation angle of outer cap nut : & [degree]

Fig.5.16 Relation between fastening force and rotation angle of outer cap nut when

outer cap is made of elasticity and initial clearance li=0.2mm by three-
dimensional model
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(@ Nut contacts clamping member surface
-150 @ Nut separates from clamping member surface
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Rotation angle of outer cap nut : & [degree]

Fig.5.17(a) Relation between tightening torque and rotation angle of outer cap nut
when outer cap is made of elasticity and initial clearance l;=0.2mm by three
-dimensional model
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5. 5. 2 Tvu&—*yy 7N}y rOoRUCmiEsh

5. 16ITEAEESE TR, $72bb)y NalzfE 0=-45" OLXDT ¥
Z—F%x v 7 XFy hOFZRCIZHNDWMEEZRT. TUX—Fx v 7TOEE
WZEDARFIRIZE ST, TUF—F v v OFE 6 2ACLESE 7 RATILITIE,
RV RORCIETR L T2 HICHEM DN AET D, ZOBMIIN 7YY
T RVI ERESED. £, ZOEMIOIAEILF ¥ v TEONKEH RN EE
B =07, Wy FEORCINIIEA L b2 LA 2 07 [ 82l 1 23ME)
X, MFITOVAES. K5, 16 TH 6 RUILENGHTy M7 v —F v v
TEN DA D, MEIE S . IR L O IS o) 2 AT 5.

1 | | | | | |
[ Initial clearance |

1=0.2

o
ol

Thread surface contact force [KN]

< outer cap
»{f\jL
-0.5 + é&
>
1 »<;NUt
2 |G
- | [Bolt "<
_15 ] ] ] ] ] ]
1 2 3 4 5 6-nut 6-cap 7

Pitch number from nut bearing surface : i

Fig.5.18 Fastening force when loosening angle of outer cap nut 6=-45°when outer cap is
made of elasticity and initial clearance 1i=0.2mm by three-dimensional model
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ROy ek AP IR S e\, ZDOJFIK E LTS~ b OJEARFIC
X vy TEICHMI N ET D 2 L, £, MRS X o TR v TSN EHEAE
L0 AR BN E SN To 2 ERFRTF O N D, o7kl OiRE & 25
THOITIE, Fry THOMMENEETHD.
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i (6)Elasticity
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.= 0.2
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Rotation angle of outer cap nut : & [degree]

(a) Detail of A

Fig.5.19 Relation between tightening torque and rotation angle of outer cap nut

when initial clearance l;=0.2mm by three-dimensional model
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MESHERIMME T T ERHLNT -T2, EEOT v FTIE, LT R%E2R0
ENFAET D08, ZOMESHEILT » IS EER UHO%E & ik UTE 1
T IIT30%0 6 25%REE TR TT 5 (K5. 8 (a), (b) ZIRITHMERMENT O LLIR) .

@7 va—%y vy 7RIy ML, vy HORUILUNKRERMELSHET D
7o, ) ekRG 1) (F~44. 6kN~52. 9kN) THfifs 95 &, WHH 1 22 L ILT 3 FIfE
FEOMELZ ZH L TWDHIEE FOMELZSGETE 5. fiZE, 7% —F v v 7D
B2 SS400 & L7c5E, WIWIBHE S 1,=0—1. 0mm EHMSEL 2 LIk, &
B UILORESHEL 8 %D 21%ITHINEH, &6 1 A U LR ESHEE L 22%
BEFCTERTFSEL2ZENTES(K5. 12).

Q)RR S 1,=0.2mm L EEL, 7 U X —F v v T OMEZ 8L P~ T4
B, MEFE LT S45C <0 SCM440 Z -V LR R /L M3 U EIZA U 2 B KRS I ) 3
% FETERB SN, RV hOEEZA ESEI DL ERHALNER-T2(X5. 1
3). —H, BBHRIDNRITMRIZIERIE T D@ BT & BAF R R 28T D
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UEDFERELY, 7 UZ—%% » FITERICTI O@ OB 85 &, FifT T RFIC
XY v 7ORUCINCKRERMELZAMT L. 207D, AL MR UAEICKE )G
HWFEAEL, @HEOF Y SO L O RNV FOBENRELL 2D, —), TUH—
X ¥ v T OB S45C, SCM440 & L723a TIEA/L FOMEZ M ESE 5 2 &7
AIREIZ 72 243, JEARF ORI DR AR IC K DWMER D=0, 43 7efks
IEDBEITH LN TR, [JEARFOEMIIIFICS v v Tl & F v v 7 EEO
BEHTRALTOWS. SROBRBIELE LT, MHBREE S 1, o= g oL,
JEANZBITDIEALAZ RN CBRHA L7 0.05mm KV /NS THZERL, TUH
—X ¥ v TOBRELEE LT, MHIROBEEZMZ D LR EREFETLNS.
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pitch of bolt isp
pitch of nut is p+o

Clamped plate

FFFNUEFEFE

Fig.6. 1 Bolt and nut with different pitch

pitch of bolt is p
pitch of nut is p

Clamped plate

Fig.6.2 Standardboltandnut (BE&A : Ty rOEYFEp+t7ILT7)
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6. 2 METHFERUEITET IV

1 UG o s J13F Al 2 FEM #il kEFRAEHTIZ L - TAIT 5. T 81
M16 DALk« F » MIZK > THNE 17, 5mm, A5 50mm, & X 35mm @O M
B EDERET 286 THD. AL b F v bR LEHIZOW
T, ALV PEFEBEORLNT, Ty PEARALVNEERART, Vv TFE
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RLEHORLTLUEIEZ8LELTWSD., BEvTFEnbsrld, AL hE
Ty hEFEOMITAEEX, Ty PAUW@EHIZBWTANL M lile
BT 5. ZoREfhm CHEMONAED Z LITED, BEARIEDEENG
LD X6. S3IARTEIICEHEL~3HALIITIE, ZEELKIZHTE D
Pefibmm & M B fih 3 2720, MERFICBWVWTEHE 1A LILAKEDIR
NEFOREMMNTEDH. AV b, T v, #kE&EDOMEIL SCM435,
Wy VEAE 1%, BEARIS /71X 800MPa, ¥ > 7 3 205GPa, N7 Y »H 0.3 & L,
KEMEICBIT D EEEEIT 003 L L. HETOIGAHLEOTHDH
REKG6. 4137, K6, S5ICHRERICHHE L@ RET VE
AT, RUKGEEICE DA 52 5BE0RRFEM4Z, dHET VT
iR ORIV h~y FMIlOoEEZEE L, A4 b~y REICE AR
HEMNEE 2. RUIWFEEOZYV 752130 LHRET 5.
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F: force on the interface

Pitch of bolt is 2.000mm
Pitch of nut is (2.000+ &) mm

(3] [2] (1] (1] [2] [3] [4] [5] [6] [7] [8]

Bolt

stress c[MPa3]

Fig.6.3 Anti-loosening theory
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Fig.6.4 Relation between stress and strain
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Fig.6. 5 Axi-symmetric finite element model
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6. 3 WHEORE

KR TIEMIB DRV M -F v MV Y TFERDLILBEEEET H.
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6. 4 EyTFELBRAHLOHREOELSR

By FEIL 0~8um & LT, RUMMGEOEAILDNEEFRL =
6. 3R T LI tmEMETST Yy PREMLARVEED T v b Ok
DA TFICHER Y NY ML TIE =82S L7 DL
RN 2o, ftETES. RI1ICBRLZEYYyTFZ2HTLHANL L - F
v N DRE DR R AR

RHLICART LI, EvFEIRELS D E, IRV T MLy
HLHEMNMT 5. T 70bb, 7YY MLy Yy TFEEITERG OB
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Table.1 Dimensions of different length L

Prevailing torque

Pitch difference Axial force T./a
. T, kN -m
o um F kN x10'kN

0.3 0.15

2 8.1 20.3 115 1.02(0.58)

4 16.2 40.8 23.0 1.02(0.58)

6 24.3 61.3 34.6 1.02(0.58)

8 32.6 82.4 46.4 1.03(0.58)
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6. 5 HHTEICRH DISHEFRFhRIZONT

BAIEDNRESED D, EvTFEELHEZDHLI2EY, T v FOZERLEHI G
Ty FERNVFORUFETIEIXG6. 3SOLHITHEMTH. By TFEaZ 2um & LT,
X 6. 5DFTNOMHICL Y RDT=Z20E] LI (F=0) DRV bR R I KEERR T A
110 iy DA EK 6. 61Z8F. 25 3 AU THRAIGS) 288.8WPa AL, FH—1
AU ClRe RIS /1 —385.0 MPa XET 5. —HilE O v SOGEF T~ h2E
[\ LEFI2IE, R UCILERENEm L7200 T, R UIIBETOIITELC . (K
6. 6)
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Fig.6. 6 Maximum tangential stress cimax (MPa)
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AT RV MRERERICBIT DAL N RURIEDIS HET &I 5 4R
EErL T DEFRE E2FH 272X (1) TEEXETD.

X 6. 7IZAR/N il /)% F=6.8kN 7»5 T0kN £ TEfbsEZ L E D%
RUWIZETD KOz rT. koA (F=6.8k N) TiX, %
-1l R CWDENIZEMTH L (FEREBIIKG6. 8 (a) xS M). fd
TN FRREL LD EFE-1 RC LIS HEEML, SI8EIENE RS
(iR IE 6. 8 () AEZMM). —F, H 1 RUAEICEL ZKK
JC DT FoBEnE LI T 5.
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Fig.6. 7 Stress concentration factor K for different axial force
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Fig.6. 8 Contact condition
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By FHEE Opm D 8um FCE{LSE 5 & &, #idfHT /) F % F=50kN, 7T0kN O%E
[ZOWT, SRR K &AL O URIER SOBRE TN EING6. 9, K6, 1
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— 5T, FEOMT IR F=TI0KN O & X, BHEOB/L N (BEyFEa=0) TIIH1ALR
JETHROBREVISNEF 2. 80 03VELTEY, EvFEa=2um, 4um OFEHE 1AL
BIETHRNCNDBECTND, LL, &RISNTE Y F7 2im TiE8. %, vy F 7 4um
T 12, 5% STV D, By TFERE - EHINT 5 &, JEIERILE ST SN,
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Fig.6. 9 Stress concentration factor K; for different pitches (50kN)

Table.2 Stress concentration factor K; for different pitches (F=50kN)

Root
Numb
er

0=0
m

o=2
um

a=4
pum

0=6
um

0=8
um

—3
—2

I
H

CO~NO O P WN -

2.98
2.71
2.77

2.65
2.48
2.53

2.69
2.51
2.53

3.54

3.09

2.81

2.88
2.45
1.86
1.52
1.07
0.80
0.44

2.70
2.40
2.04
1.79
1.62
1.34
1.02

2.68
2.58
2.49
2.40
2.36
2.04
1.70

2.73
2.53
2.52
2.54
2.68
2.72
2.73
2.75
2.79
2.68
2.41

2.79
2.55
2.59
2.69
2.68
2.76
2.88
2.96
3.04
2.86
2.78
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Fig.6. 10 Stress concentration factor K; for different pitches (70kN)

Table.3 Stress concentration factor K;for different pitches (F=70kN)

Root | a=0 o=2
Numb | um  um
er

a=4
pum

0=6
um

0=8
um

—3 | 239 210
—2 | 215 196
221 201

I
o

2.14
1.99
2.02

2.17
2.00
2.03

2.80 [2.55

2.45

2.26]

233 2.18
205 1.98
1.86 1.85
141 1.65
1.07 1.44
0.79 1.17
0.44 0.83

CO~NO O WN -

2.16
2.01
1.93
1.89
1.86
1.62
1.30

2.17
2.09
2.06
2.05
2.05
1.96
1.80

2.20
2.02
2.17
2.05
2.20
2.20
2.20
2.21
2.24
2.16
2.01
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6. 6 ZEWEICHT DINSIEFRERR

ATET CicE Dy T 7 o ZFRI9AR /L Ml F=50kN & F=T0kN [Z DWW TRd7=. Lo
LEBEORIL N OBEIIEBIE I L > TELDZ ENEW. DX D & EmiETs
TR UREICEE SN D IS RENSEE L 725 DT, AL TIEAR L Nl 2328
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BAHTH, Fl1RALLURKETERNSNBEELAL, ZOfEIXZa=2pm T
1150-379=772MPa & 72V, a=0pum R UISTIRIBE 725, —7F, a=4um TiF
1074-371=704MPa TH VK 1EULTFT 5. EHIZa=6um TIEE 1R CILUBFETD
i I DHENE X 993-861=132MPa & 72 Y, =8 um TIE 1050-922=128MP & WA | Z/KRE
T&%. AL a=0~4um TIIH | AUHFE TRKRIRENLAEL D25, a=6, 8um T
EE -1 R UAE CRREENAE LS. £ OIS SIEEIE a=6 um T912—275=717MPa,
a=8um T 953-111=842MPa TH 5. X o THERACAETITIER L2HA, a=6umn
N CTHD., BEvFEa=bum Sum DEED, FRLDODHETOLNILEE %%
NENKG6. 13, 6. 14177, EvFEad 0~8um OLGHIZONT, H1
NURIETOINOE#HZX 6. 1512, KR URIEICAELCDISNIRBOEEE 4
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Fig.6.11 Relationship of force and time
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Fig.6.12 Variation of stress at every thread for normal nut
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Fig.6.13 Variation of stress at every thread for a=6um
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Fig.6.14 Variation of stress at every thread for a=8 um
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Fig.6. 15 Variation of stress at No.1 thread for different o

Table.4 Variation of stress amplitude at each thread
AG:Gmax'Gmin Under F:30~50kN

40

50

40

Load Force (kN)

Root o=0 o=2 o=4 o=6 0=8
Number um um um um um
—3 583 583 584 580 577
—2 462 462 463 477 483
—1 481 482 478 [7117] 842
1 772 [772 [704 132 128

2 300 293 373 355 78
3 202 193 216 348 234
4 147 139 129 178 295

5 104 100 89 81 97

6 73 68 59 49 41

7 46 44 38 28 23

8 13 11 8 5 4

30
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WAZAHRL IR 6. 1 612733 XK 912 50~T0k N OFiPHTELT 5 & &2
NG, EoF#E a=0 DL X, FRLORETOISHE#HZXG6. 1 712077,
ZOHBAELER CILDIS S DOEALITRYI OIS TI DY K L 50kN—T70kN—50kN & 2
B H O KL TIERRDNENLUETIZRIC 25 DT, 22 CTiE2 B HLUBED
BAbERT. K6, 16 LV EyF#E a=0 O@EFOR/L b TIE, T HMREICEES
DI RIGIRIE XS 1 A UREICA LD, TOfEIE 1371-599=772MPa T 5. X6
18I YT a=2m OERLORIETONEBZ 3. K6, 18Xy
F7& a=2m OYETH, H 17 UILAE TR RIS RN 1330-557=772MPa 734 U
L. BB, a=0 um ERKMEER/MEZZ L2500, JEHEEOMIZEC Th
L. BEvTFEa=um O L X, FH1RUNIRETRKRESIIEE 1289-517=T72MPa 73
AL, TOMIZRIFVFELTHD. —HEyFHE a=6im OBE, %1 0QLCILAE
T KRG DIENE 1224-484=740 MPa 3£ L, =6 um Tl a=0~4um OFEFE & &
5. EvTFENmIZDLE, FRURFEDISHOREIXIK 6. 1 9D K HITE
b3 %. ZOGAEETE 1R LILTOIRIRIEA 1123-854=269MPa £ TIKIH TZ %
RPRESERL, LrL, -1 AURETRERNCHIRENAET, OIS IIRIE
1% 1129-546=583MPa T 5. B v F 7 a 28 0~8tm DIFHIZOWT, HH 1 R LA
TOISIDOEEZK 6. 2012, FRUAREICAL DISNIRIEOMEAZ K 5 I1ZRT.
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Fig.6.16 Relationship of force and time
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Fig.6.17 Variation of stress at every thread for normal nut
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Fig.6.18 Variation of stress at every thread for o=2xm
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Fig.6. 19 Variation of stress at every thread for a=8m
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Table.5 Variation of stress amplitude at each thread
AG=06max-Omin under F=50~70kN

Root o=0 o=2 o=4 0=6 0=8
Number um um um um um
-3 583 583 583 584 584
-2 462 462 462 464 470
—1 482 482 482 482 583
1 7720 [7720 [7720 7400 269
2 273 272 271 315 518
3 201 186 156 165 352
4 159 158 103 109 149

5 116 116 86 72 89

6 81 79 62 46 57

7 51 51 40 31 32

8 14 13 10 10 5
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6. 7 BARKER L RIIRIEOBIR

'y FENOUE, F1RUCILOISHERREMTE L Z LT E TIORS
7. AU LR L OEEMIRIEIL Z ORKIBROZ(LICEEREENH LD T DORE
FRD. B FEa D 0~8um (2O TRV k23 7] F=50~70kN O #iH T2+ 5
L EICHEIRREA 6. 21 ~6. 24177, 22 Ta=0~4um OFiEZ27RTX
6. 21LX6. 22I27EHTSE F=50kN (FfEAHORK/IME) TINLOE vF
ZTIEW TN LEE ORI N (a=0) LR CEI ML TN (X6. 21 () &X6.
220)DE I~F3RLHBH). LHLAAKZRUILTHMET HMEITa=0~4umn
THEZR D3, FF0-50—T70kN OEAEBE 2 1~ 8 T XTHOA L LTHET LA
EFEICTHD. ZOZERIFEALEDRUILDIGTIERAE CIZR5BHTH D &
EZBND. —J, a=6um(X6. 23 () OFE 1 RLCILEE) DL X F=50kN (fif &
EEOR/IME) TIEE 1 R Ul L Tuavy. Xo T F=50kN~T70kN O fif EZA
a2 T RXRTORTIITHHL TR 56> TH 1 R CILOISEEMEE TX 5.
Foa=8umdDE X F=50kN(X6. 24 (b)DF 1RUILUEM) ClxE, @F DR
U & RCRHAIO 23l L TW A 721 T2 <, F=T0N(H 6. 2 4 () D 1A liLE
FOTHE 1 RUINTEERE L TR, 20708 1 R CILO I IR IR IR
BMTE5., Z2Ba=8um TIEFE 1 R UILITRASHIERAELCSN, ALlms %
Wi d 2 HIED DL s TENEBMTEDAMREMER S H. 2 OmITSHRGH
LTETHD.
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[3] (2 [ (o] (2] [3] [4] [5] [e] [7] [s]

F=0
(@) F=0

[3] [4] [5] [6]

F=50kN <

(b) F=50KN

Nut
[5] [e]

F=70kN <

Bolt

(c) F=70kN

Fig.6.21 Contact surface for normal nut
(M4 Contact surface)
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(@) F=0

RYAVAYA
E=50KN < (3] 2 [ (4] [2] (3] [4] (5] [e] [7] [8]

(b) F=50kN

Nut

(3] (2] [ (] [2] [3] [4] (5] [e] [7] (8]

F=70kN <

Bolt

(c) F=70kN
Fig.6.22 Contact surface for o= 2 and 4um
(M4 Contact surface)
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[3] (2] (] (1] [2] [3] [4] [5] [e] [7] [8]

F=0 &
(@) F=0
(3] (2] (1] (] [2] (3] [4] (5] [e] [7] [B]
F=50kN <
(b) F=50kN
Nut
[3] (2] (4] (1] [2] [3] [4] [5] [e] [7] [8]
F=70kN <

Bolt

(c) F=70kN

Fig.6.23 Contact surface for a= 6um
(M4 Contact surface)
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(3] (2 [ (1] [2] [3] [4] [5] [e] [7] [8]

F=0 <
(@) F=0
(3] (2] [ (4] [2] [3] [4] (5] 6] [7] (]
F=50kN <
(b) F=50kN
(3] (2] (-] (4] [2] [3] [4] [5] (6] (7] [8)
F=70kN <

(c) F=70kN
Fig.6.24 Contact surface for a= 8um
(M4 Contact surface)
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6. 8 F&&H

RV MRS IRIZI T DfrA LD HIEE L CTIRES N, Ty FERLV MNIE YT
ZETFET D HIEICEA LT, FICEDICEF OISR A2 .0, AIREFRIEIC
v, BELT, UTFOMimasEr.

(1) ¥y F 7% 0~8m O TEIL I/ T, 1 UkifE IR OFE A 1k D BhF 2 7~ 7=
By FEZNHDLI L THEHREOIRENELDIZ A2V I a2 —va VIZEVAS
ML, By TFERRELRDE, TUXRY 7 MV REIMLT, Lo Kk&Eh
AL DNER T LS.

Q) B ENR L MEATH L&, By TFEaZ2@mUICHRETHZLICLY
BRCICAELABERISNEZIZE—FEICEDTHZENARETH S, 2 ITME
T0kN D & & a=8um OHFE TIXZE DO X 5 7eRENETLTX S (K6. 10).

B) AN NN EINTHEEEy TFEa 2 WUNIHRET D EICL VR NE
1 RIS HRNE 2 50% LA FAKIC& 5. 7= & 21X 8 8 50~70kN D#iH TZ&
b5 & & a=8m OLAETITH 1 R CILTOINIIERIT 1/ 3BELLRD. HL,
%1 R UILLIA TR RIS HIRIE N A U 5 DT, EBEOIS/TE DT 24. 5WFR BRI <
N2 Ll s,

DEYFERHDLZLICE->T, BE1RCINCAELDIEHIEEZ KB T 52 &
%, BERCILOBEMREZR~S Z L THITE 5. AL, F=F,,~F. ¥ T&tT
% L& EF=F, COBR L ILOHEMARAED R U THATER CILICA T 20 DIRIEIT
EYEE-APIAN
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BTE e o

RV M ERITEWVEL 2> T a1I2b00b 5, 4 H THIRESO I
LR URIETOISER EEATER T 2 ERFENZ M. ZhETIZ
BRI D E N TTEFREF O R EZFHE TRV L « Ty REONBERINTED,
HIRL SN TS, LLans, ZRo0REOL L, FOMBEORIICET
HABZRNMEIRE LTARARENRS. F2, ZOXH9RARNLE - F v FO%K
HEEORBHICEAL TLT L +aBatneSnnTnin. oT, £O AT
ZRALERIAT D L LI, RIRCHEIORBEELER L, Thiaikmltd oHEICK
D, LVEEEOEWERLE - Fy hOBEN/HI/TELI LD LEEZLND.

Z ZCAMITETIE, AR IT, Bk LIS ETRERMOMEA# U CHE S
M, FEH SN TWAEEEOARL L -y hEILET, Zofiftimfts L O T
FREARERETHIT T2 & EHIC, TNEERE LTS 2 LT, @i ERo
WA HAFZE Lo, BFZERS R & B0 4f - 2B ORI S A £ L O TR LITRT.

Table I  Results for special nuts and bolts

@aikn | EholEm | R - RO
Ammay o x x BT AR R
Fv b
Z—S— 2K
’ﬁwf’“ o x A fhizrs L R
BBy FEATS .
BEy TR o o © T aR Ry 7
TIEEXYTR A 4 A x TN Rl
Fv b
L x o o TR Rl

K LITRT LT, AR TIL S FIHOFRNIC LR SN CRRSAR DR 1L D
EICTVEPRERNRIEBLD AN = X LB LTz, R, Bk LIS PR O %
Rz SEDL2), R b - Ty FOBIRCH B ORGHER 2R L2, 55h
X R (&) RAILDRICETDHIEL (7)) IEAETREMICET S
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IEDBENrLELDDE, UTOXH12725.
(—) FEAILDOZNRITBIT D58
BAIEDNREOMICICEA LT, Sz s (A) A—X—2% v KAV K (B)
A—=n_—mvy7Fy k() 7 —Fyv7XFv b D) BAereyTaEHT5
RV R Ty NEEG L U CHREFRIEIC L D2HBMMITIC L > TEE L.
INHDOMRICEBNT LR LIZRE LT, BAIEDDEOFMOIEUEL 7257
NY T s (ZEREILEEO MV 2) Z st FRENT TSRO 7280 kol /)7 6 F
TOHHEERLIEZ ERZET oD, @E B AW GILTO S HIEIX =R ITENT 2>
HCHEHBEMIZZ D ML ZRODTFETHD. L, SEIOMIERS T, &
LD DTZ ORI TRV STV DIGEN LD T, ZEELORIZ Y, Bzl
R CIEAR <, RUEICEAZIET H28MONETLD. 2F0D, AVvhEFy b
U LR OBk EER e 0 EHEC 72 5 DT, ZIRIGET VO BRI TR E
IRERENAELD. F, ERICKDMETIE, FHxOTEEEZ TERT D Z &0
VETHDHIEND T2, FHICMTREENEGEND 2 &OEMIREDBEME S IZ L -
T, FETEOEBELZPALNCT DI I3 L. 22 TZE LEFO b Ly 2K
LHEEIR TR BER LR, W ORIV MR Z T 280, @ vy &
BHT2BMOFERXEZISHTE 2R AL, ZofEREZH 201, = %koo
BT IVOBEMEREER (BT OGS & BEET W) % iR S fRAT 3~ & il
PRET VOGO IIETICZ L TEETH I ENARETH L. TORER, ik
IR GIZZER L ML ZEITE S, ZOHIEICL > TRAILDHRENS b 5 %
FAEHAR L S« Ty ROZERIL MY ZEEICFHECE 72D T, il RO B
HRODHZ ENTET.
(A) A= /3= K% KRV MZDOWNT
A== R RV ML, BEHRIEDHEREEZ FF> T AHDIAZRIL ETH 5.
ZDORNVEOMREENREDA = AL FE =T LA L., A== & v
KAV FOMT. a2 MIE@EORL b XD EMEC/RY, EEL &M e 72D,
LovL, MICHEZEmAEDNROH HHDIALR L MIITE A ERY T 50
AWFZETIER L RV A X M6 Zxtged L, HRHEO L=4. 8~6. 8mm, R=0~ 1. Omm,
t=0. 4~0. 8mm DOFIFH T, DO THEDOKBELZRZ LR, LV{Kax M CEfTE
THEAIEDIZHEERN EB X bND-THEZ R L, ZoOAR /L MIE L THL N
ol Z EIIUTORTHD.
(1) A O R=1. Omm, JEX t=0.6mm & LT, £& L % 4.8~6. 8mm
TS HIHAEORRE LY, EINEL D 2 LM A LRI E 720
ZERphole. OFD, LA N EREAIEDHEREZE XL L, TEUL,
WA E S LIZELS T2 E0RWEEZ D, 728 L<4. Smm TIXiHERA ERRED
(L=2R) NEN =8, IMUI~D 5 < BATERDNEEIC 72 % 70 EORIEDEL 5.
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h DFEIIEDMEREIZ AN 2N, 72721, K DIASRREO MR 2N 8T 5 7=
W, FEiAEZEIE 0. 1~0. 15mm THh 5.
(B) A—sX—1 v 7 F v MMIDONT
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a7, EAILEDDTD, HRDSL LA E DL T, AUl ETEICAFE
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SOBEREINML X FOIER T DI, FREQERTOEL KRG Lz, #RITT
RO LI T.
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