e anman !

&R

)

iN

=L

IT

A )

Wit

X

5

N

2T

—
A

ZI

ard
L ——a

'
~




TR L2 kst it &

[ibly
T 9 EE MR AR 1 () ] B TR AS IR T TR T VG L

A H R R L2 S B0 IR 7w e R, AR S R T SR AN 38 TR 2 R A

[RITRE ) B T SUg e i A8 PR

e
RLARH TR S 18] 9% S BOERAF R R Bl B T BRI TR ) SRR AR S a2, T3 2
BAERMT IR

TR SRR MR IF W T A

R G A FA PR
TR G BRRR 1A 5. DN

R, et e §§§§¢

B3



TR L2 kst it &

FEFT ZMERE BB B, X RLHPRE o AR 37 B AR NI T AR, XA R R AR Ly
iR Dy R S R A S A T B R T ) BE AR AR

FESMEAR T X AME E PR SR T, REIHHFE TR E IFZ RAEAE LM S R A H LT E >
2H ki

© HRAEURESUREARE (Effective or thread pitch torque) Ty, (Tg)

¢ mj%&@j:%gj:ﬂ%ﬁ Tthread—friction (Tth—fr)

© SORMRIBEZEHAE Tooring (Ty)

R GIESCERR MR K Ty, XAk E T2 R e F AR = 2R 1

Q
S ')}
N | "\%'i\Q‘b&
== %

2 d2

T

A, 1 RS



TR L2 kst it &

FEF7 DR 7 AL A B FC T A 0 I S AR i Sk AR BEE (GO IREEEIET,) Mg
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Method for measuring the clamp-load
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(R I A I 35 KB ) 555
Advantage of elongation measurement |Disadvantage of elongation measurement LR

Relative high accuracy

Only possible with through-hole joints (dial gauge accessibility) (FEE#)

FHXT A B

WA A S ) 5 P AR B R

R 3K EEIT R AR

Measuring point must be easily accessible & 55 T 3545

Require accurate measuring instruments 7 2% 1 &3 &

Influence of dimensional tolerances (length and diameter of the bolt):
therefore preliminary tests necessary FRoTmZE s Ol KA EAD)

Effect of the modulus of the bolt material , WA TR

Relative high cost of mounting AEXT 1y 1) 22 25 i A

Uncertainty with short screws T WEAE AN E 1

Limited on the linear deformation area of bolts #2442 M A5 X (1 FR 1]
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1-mainnut 5 - cylindrical piston \\
2 - supportleg 6 - supply tube \
3 - auxiliary nut 7 - nipple for serial

4 - hydraulic 8 - connecting
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MORE  MIRE  FEEFa,

O Uﬁ% Part Error Sum Tightening
Procedure Adjustment Error +/-% G
B ¥ERFFLE Torque wrench and rotary By target torque and (1) (3) 23to28 1.6t01.8
#¥TH , B tool with direct torque estimated friction (2)
W& measurement coefficients BFRHRENRTIA
IE¥%¢TH , &1 Rotary tool with dynamic ITHIERRE (1) (7) 231028 1.61t01.8
AHHAENE torque measurement (3) (2)
YHAEIRE Torque wrench_ \ By targ.et torqu? - (5) 6) 17t023 14to1.6 |Z§] 5 - ¥ )Eﬁ T I_J EI/J ﬁ/{lﬁﬂ‘
BiriA%E -LA  determine at original joint (3) (2) L I [ 5 22 40 A
WEAEIRIRERE by elongation - - &
{HRERE measurement at the bolt 13{%—‘\—%?:%ﬁ|3)j 13{% E]‘];%
gz = Rotary tool ;@itirenyE By elongation measuring  (5) (8) 17t023 1.4t01.6 Al
e e at calibrated bolts at (3) (2)
WE original bolt directly
SESTH By further torque, got (1) 26t043 1.7t025

, NBtRITE  from target assembling  (10)
B3RS (M torque (estimated friction  (4) (9)

(B AR ENA coefficients and (3) (2)
Faon ) estimated addition)
HOIRE Part Error
'(1) Estimate of friction coefficient
'(2) Scattering of friction coefficients in a lot of bolts or parts
:(3) Scattering of torque depending from torque wrench or tool
(4) Scattering of torque depending from the torque wrench which is used for the further torque i Sl
:(5) Error while elongation measurement at the bolt, bad accuracy when determine the mean value () Eé*ﬁi_ﬁﬂgﬁfllaeﬁ , FERRTEHERTA(EAS
'(6) Error while experimental determinition of target torque (6) BB IS T ERIRE
7(7) Error while adjustment of target torque at the tool (7) TE BtHBE R RE
'(8) Error while setting of elongation measurement (8) REHEENRE
(9) Error while setting of further torque (9) REEWHEANRE

(10) Error at estimation of addition to nominal target torque for the further torque (10)FHtrFRE LR BirHEEWYMERNRE
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Advantage Disadvantage
zrzamm Method applicable in Big scattering of clamp  EZLFER
TRrEES0%E : : KAYBE
i almost all practical force mostly (error in ( EEEREETR
threaded joints estimation of friction e e
coefficient, scattering of | TEIFH
. . . T )
friction coefficient,
uncertainty of tools)
gﬁ@%ﬂ” Torque value easy to Overdimensioning of the mrRviE=

measure bolts
asreeze  Controlling of torque value
WA= glso possible even after

¥B(E : :

the tightening
SHIRWEE Relative less effort for
POESUN ..

realizing

R 6 ¢ AR A0 SRR
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FEIE BT T HS A1 2 T8 (R 8 e ARG L 2 Jm, AN EAFEZRTEA i (T&126)
PRI R, AR - AR ZER (BEED Wit T ih 5, B ARE T B SR AL AR - M 4 b aRes .

TR AR N A S, R PR R kRS, 2B EEEUR PR, fE (0.25-0.5) I, fTECRHMELE.

scattering of clamp force &% ) k2=
AFy = Fup ~Fum

I
‘ i " A_Fumpo,z) =Fup ~Fux
' - 2 With Rpo21 > Rpozn : 4 1=K, x
s AFy(Rpg2) AFy(p ) =Fyr-Funm

with byx <K m: RPo21=Rpo2
F

- e

M

ATa
A9

9%
TA for Fv;

AR

F 25 ]
M ©

, B | |
T l= | )
e ©E shut of value at | <)
L § 0555 ﬁ@Q‘
B S5 | ;s b om s

o AT, 3,71, I o1

T _36 F - Hin .

) : & Il py, = 0.14

SnugﬁteTsnug

clamp force Fm, assembling torque TaA—

Fu = Ry —= 268 = (025+05){%
turning angle » —= #&y b 2y (A ).o.

K] 26 : JiE AR S iR
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thread torque Tth —»
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100
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Q//Q'O % //”Q.
/ v
7w Tb 3N
N\ 7
80 - :_Fﬁ =20% —» a,=128 /// N /// Qig Tb
Mm // //
> o
> 57 -AFM(Rm)—]AFM(Lh\-—
o G
// // ',0'\L
60 I Tth max S \Y)
///
rd
/// /’/
Tth min S .\
4
LOF ,/ ,/'
// // RPO.ZN:
Oes® (1300 L)
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(1100 )
20 -
Tth
00 10 20 30 L0 50 60 kN 70
L AF,,
clamp force Fy —= R Fumin Famox
K] 28 : JE ARk s UE IEiZE (M10 - 12.9)

K281t B T B A 1 1T A
B /NTUE T EER B 45 R
(1) N TR %
IIRE, TEm/NIIRE
AR

(2) ZEH ERarhAh
THR B R EB R (=
0.14) FHEAE i Mk 58 B 1)
priEALERIME - Ry, min
= 1100 N/ mm2
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I AFy =
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PRSI (ERIE, TR SIF
AT HF AR (Ryg,) -

(4) IR SUEENE R AL
7 X A5 [A] A - pthmin:
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- REEENERRAR BETIRNERR A Ly BES IR EIEE
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BIEECZE S i PR
statistic evaluation of scattering round the mean value +/- %
1 2 3 A

26,36,71711119,818016,6] 1254]6,6180] [19,817316,7

- scattering based on

torque-wrench T AT A E K £ 10% I ALZE

uncertainty +/- 10%

W

w
RZS

: N i Ng
2 7
% 15| 158 @“—16.5 Vi 7 A
= % K39 EARRRE, STHmE
71 102 2 +336 29 meimum .\ FHECEFUEMRAE, TE M
S ZARTN=RA

sample FEAR 1 ? 3 L
bolt head {2 443k oiled light oiled | strong oiled Mo Sz §)§'\
thread g4z | oil removed oiled strong oiled MOSZ t \
clamped ., $§§§ 1) /7
surface JCZ | blanc blanc phosphated | phosphated iy,

i il Bk S
tensile strengtl%’ta‘iﬁﬁrE

N frmii2 600-700 | 400-500 | 600-700 | 600-700
t S ield y S | Y
% cc:;r?tl:glled R m )c:fntrolled@ﬂ&"ﬁ& ﬁggt?olled e
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- ERITEY , ORERIBREEEBIEIRKE (EXI/d > 2)
- BRERAENTERRITERR , ERE—TENX , HIHAFEERIXMISR
- ATHREZE , ITRUREESI BT XIERIAT

B d
m c R
'\ Clamping length «—
iz \jfrl
) @%ﬂcyé IR
Re Necking \\§'§\§
Uniform elongation elongation L-L ‘7@3,}
) ~ P> A% =—2x100 ¢
. DLl UGS g 2
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example : M10 - 10.9
(Rm = 1040 N/mm?, dw = 16,3 mm, dh = 11,2 mm)

140 AT R SRR M L —k

: : : : : : L ITR/NE BEVE R B HIAE R
100 [---{---4---= ErkEE L
73.5'5 e :
F = [ N
Mg 2 | !
8 T 60 f-A---i-n-- | ;
222 2 . | b'}
Q.QC) ] [ [ *§§
%‘;’E £ 40 H _Ta-ltorque contral___ & _ __ &~
B3 2 , ! : K. 42 fﬂ%ﬁiﬁnﬁﬁ@fﬁ%&%ﬁ (12$£M10-10.9)
Ta : : Q.r
20 b---ll' l—-‘- | | nt-rl I
: : \ P - dHAEE ;
0 | | 1 1 1 1

0,06 o008 01 0,2 0,14 0,6 0,18 0,2
friction coefficient y (u,=p,) EHZRH
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JCVFAR 8 S K X ORI 2 47 X A JE
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o e
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X @ 1.0
7 §
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5 g 5 T-8.820 F112. 94018k, fk 4
518 8.5 LR KRS EAR K, i fovr
i & : %ﬁ;}%ﬁé%

© L
/. > \'b
K © Ny

X

m .

E 8 1 1 1 1 1 1 1 1 1

4] 1 2 3 4 S

clamping length relation 1k/d —= EEKEF LR Ik/d
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Foto - Motor with adjustable cut-off clutch (left side foto), complete angle-hand-tool (right side foto)
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