The Japan Soci ety of Mechanical Engineers

3048

HEBHEFERHIECH) #@3Z No.87-1508 A
54 # 508 = (BF 63-12)

M OERSBRVENI LB 38 ERLETARE"
(2%, BERREACLANBE8IOMER 200

Wi L - KLk

A Study on B 1t Axial Tension Control
by the Calibrated Wrench Method
(2nd Report, Increase o f Initial Axial Tension
by the E!1l1ipse of Confidence Limit)
Soichi HAREYAMA and Teruo NAKAMURA

For tightening bolted joints, the calibrated wrench method is widely used in practice.
However,this method is not so accurate since the measurement of axial tension is indirect.
In the previous paper, the statistical distribution of magnitude of the axial tension in
bolts, which were tightened by the calibrated wrench method, was formulated wusing the

Ilipse of confidence limit. This paper shows the distribution of probability density of
the axial tension and screw characteristics from an cxpcrimcntai analysis. Measurements
were performed on several examples to check the analysis and to confirm the effectiveness

of the proposed tachuique,that is,tls increase of initial axial tension.
Key Words: Fixing Element, Bclled Joint Tightening,Initial Axial Tension,Calibrated Wrench
Methot, Bolt Axial Tension Control,Fllipses of Confidence Limit.
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SOURCE OF S OF OEGREE OF MEAN Fo
VARTATION SQUARE FREEDOY SQUARE
A 59.1752 2 29.3876  0.3124
B 23177189 2 1158.8585 12.2383% =
AB 100.3758 z 50.1878  0.3300
A8 66.7137 2 33.3588  0.3822
4 101. 6670 2 50.8335  0.5368
L' 211.7292 2 105.3646  1.1179
A 2.3648 2z 1.2824  0.0135
8¢ 34.4914 2 17.2457  0.1821
] 173. 5049 2 86.2025  0.9166
2 7.4248 1 .72 0.0392
B 82.8120 2 41,4080  0.4372
£RRL 178.8036 4 94.7024
£AR2 1137.5797 108 10.5331
TOTAL 4674.5630 134

1 2
Fio (5%) =3. 07 Fuo (1%) =4.79

K6 NODBIH

SURCE  OF SUM OF DEGREE OF  WEAN fo
VARIATION SQUARE FREEDOM SQUARE
A 7953.3348 2 1781.9174  20.2785 =
8 1698. 1209 2 849.5604 4.5349 =
AB 285.0871 2 143.0435 0.7569
AB 516.24%0 2 258.1245 1.3833
4 66.3716 2 33.1858 0.1779
AC 494.2644 2z u7.1322 1.32%0
A 10. 4875 2 5.2428 0.0281
8C 189.7531 2 34.875% 0.5087
] 1859. 1544 2 929.5772 4.9839 o ox
3 188. 4884 2 94.2442 0.5053
B 0.1994 2 0.0997 0.000s
ERRL 748.0709 4 188.5177
ERRZ 3413, 4992 108 31,6620
TOTAL 17039.3807 134
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Characteristics lubrication | Lower Mean Upper
Torgue Dry 0.169 6.279 0.389
coefficient K Machine oil 0.178 0.217 0.259

Grease 0.158] 0.181] 0.204
Axial tension Dry 2.357 3.7719 5.201
coefficient k Machine oil 3.803 4.670| 5.537

Grease 4.825 5.546 6.267
Torque ratio 7 All case 0.250 0.435% 0.620
Equivalent Dry 31.139 4.386 6.834
stress Machine oil 4.560 5.664 6.783
factor Ya Grease 5.180 6.221 7.282
Coefficient Dry 0.088 0.170 0.253
of ridge Machine oil 0.088 0.14¢9 6.211
friction . Grease 0.064 0.135 0.205
Coefticient Dry 0.155 0.270 | 0.424
of head Machine oil 0.144 0.188 0.263
friction .2 Grease 0.095 0.146] 0,136
Total coetfficient Dry 0.133 0.225 0.317
of friction Machine oil 0.13§ 0.171 0.207
o (mraps) Grease 0.122| 0.141}| 0.180

£ 8 MM T EAR, MOK

Dry Hachine oil Grease

0 (deg) 58.5 43.9 34.8

0o (deg) 57.4 44.4 41.0
fnitial | Cuax (%) 80.0 80.0 80.0
ti%htgn\n& Crmeaal$) 56.9 62.8 63.7
St Cain (%) 33.8 45.5 4.3
Initial C max (%) 69.1 67.2 70.8
3t ial C maan(%) 48.4 52.9 57.2
ra a0 e () | 2709 8.8 43.8

Caax =100 Ceaax/ Gy o Cuia=100 Ceain/ Oy
Cucan = ( Casx+Cuia) /2

C'max =100 Puas/ Py, C aia =100 Pain/Py

C nean=( C aax +C ain ) /2
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M 1 Machine oli T oy mox (Gl
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B Jemax (M)

Jemin (G)

Temin(M)

Equivalent stress factor We
1%
X

4 4
gemin (D}
3 T GAMD) j (DIMXGY T
0.8 1.0 1.2
{Tmin/Tmean} {Tmax /Tmean)
T/ Tmean
BI10 TG oG B E =M
Q.4 Dr Pmax (D)
D ! Dry
M : Mochine oil
G ! Grease
p 4
. 03 Gau B8,
< \
S Machine o} \< Pmaox (M)
= ™~
g P
e Ga=43.9
° PminiD)__ Y N\ | A_Pmox(G)
2 o2 e
o Y 1
I Pmin (M)_1] L
o \
Ga=34.8 ;
min {G) > LN/ Greose
\_//
Q.14
e \\4—//
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o 0.86 {MXD 1o (D) (M) G)‘.
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BILAELBERELRN LB B

—J., PAMENREDEANRELS AOE SO
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HERBEES2E IO EHMIZoOWTIE, -
BIZOBZOPLINHHIT L ID80%BKRE Sk
ENTNWBEZIEL--HUTWSE. B, EhRITRLE
KON BRI RS EHB LB MBLHR
HBTRRD 2N, BT SbEtTMB &#4T LT
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T, HATHRIZICHMEN, T IHmE B L
B, BT RCIEIRENHEEE LS/MGE IH 3 W
BMmhofonslLxbehs k5, Witz k
DNKERMVIRHERZADIENTERUEM,EZRLT
B, COBAETHBCRILEZ B EH 3
WEHBERTAZLDORWESTERLUCHST R LA
REEPRELRTNERS 2,

B0k, AMMAOHEBEUTHRRDRLIEIZED
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Stress and lubrication _30%_Confidence !imits
(significant factor) lower sean upper
Axial bry 0.9668 1.0174 | 1.0680
stress o Machine oil 0.9952 10150 1.0347
[EE 2} Grease 0.9939 1.0184 1 1.0429
shearing Dry 0.7520 1.2467 | 1.1313
stress t Machine oil 0.7007 134191 1.983t
(A%} Grease 0.8104 1.7334{ 2.5684
Bauivalent Dry 0.9583 1.0844 12134
stress Hachine oil 0.9717 1.0787} 1.18s8
(-) Greage 1.0178 1.1044 | L.1911
Loosening torque Tightening torque(%) §7.7 3.9 92.2
10 ®AOEADM
Rachine
Ory ail Grease
Effect depend on =llipse
of confidence lisits 11 1.104 1.097
Effect depend on the con-
sideration of after tightening 1.084 1.079 1104
Wultiple effect 1.227 L1st L2l
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