1/18

FIG.1

- N

20—~
Y
26 22 [TORQUE ]
1

X 24 COEFFICIENT k

CONTROL MEANS

N A DETECTED
AN N AXIAL
. : 4 |FORCE F

< 18'1 escecce

)

| AXIAL FORCE SENSOR—

| AXTAL FORCE SENSOR

AXIAL FORCE SENSOR




12

Vs

2/18

FIG.2

\

ANNNNNNN

_:;'*—\:"_- v 3
=: J/
S



FIG.3
(1)
IAN
PRt NN
@8 .- < (2)
oo ~30N
/I ! ‘,"’ \“~\\ \ Y\
’ . ~ v
[ / P S.e \ \
I AY

A (7) (4 ) (3)
BEFORE TORQUE ‘
COEFF ICIENT
CORRECT I ON
Fal
—-e-— :TARGET
RS o s —o— : STEP3
(6] - > < P (4)
N\\\}\\./’ —‘—‘f
Fa? [5]
FB
B » 3
AFTER TORQUE
COEFFICIENT
CORRECT ION

~-eo-— :TARGET
—o=—: STEP3




4,/18

FIG.4

[ START J

S1~

A
USE TARGET AXIAL FORCE OR
SET AXIAL FORCE AND FIRST
TORQUE COEFFICIENT TO
CALCULATE OR SELECT FIRST
TIGHTENING TORQUE VALUE

SET FIRST TIGHTENING TORQUE
VALUE TO TIGHTENING TOOL

A 4

S3~

AXIAL FORCE DETECTION

S4~

COMPARE DETECTED AXIAL FORCE
WITH TARGET AXIAL FORCE OR
SET AXIAL FORCE

S5

IS THERE
DIFFERENCE BETWEEN AXIAL
FORCES?

NO

YES

ST~

MAINTAIN FIRST TORQUE
COEFFICIENT

CALCULATE SECOND TORQUE
COEFFICIENT BASED ON
DETECTED AXIAL FORCE

~S6

S8~

y
CALCULATE TIGHTENING TORQUE
VALUES AND SET THEM TO
TIGHTENING TOOL

A




5/18

FIG.5
30(2)
14
f—Jﬁ
26 22
32
TIGHTENING CONDITION
SETTING UNIT
T1 )4

/
ACQUISITION MEANS

CONTROL MEANS

~16

AXIAL
FORCE F

181

{DETECTE

— AXTAL FORCE SENSOR

AXIAL FORCE SENSOR

|—AXIAL FORCE SENSOR

”}

se0sOeOOS

AN

~_18-n

18-2




6,/18




7/18

FIG.7

TIGHTENING INSTRUCTION INFORMATION TABLE 40

STEP | IMPLEMENTATION CONTENTS PROCEDURE
1 |TIGHTENING WITH TORQUE OF 10% FOR TARGET AXIAL FORCE  |DIAGONAL
(TORQUE COEFFICIENT k1) TIGHTENING
o |TIGHTENING WITH TORQUE OF 20% FOR TARGET AXIAL FORCE | DIAGONAL
(TORQUE COEFF ICIENT k1) TIGHTENING
3 |TIGHTENING WITH TORQUE OF 60% FOR TARGET AXIAL FORCE | DIAGONAL
(TORQUE COEFFICIENT k1) TIGHTENING
4 |TIGHTENING WITH TORQUE OF 100% FOR TARGET AXIAL FORCE |DIAGONAL
(TORQUE COEFFICIENT k2) TIGHTENING
5 |TIGHTENING WITH TORQUE OF 100% FOR TARGET AXIAL FORCE ﬁ2¥¥ERN
(TORQUE COEFFICIENT k2) TIGHTENING
ROUND
6 |TIGHTENING WITH TORQUE OF 100% FOR TARGET AXIAL FORCE | pxTTeRy
(TORQUE COEFF ICIENT k2) TIGHTEN ING
AFTER STEP 5 IS PERFORMED, AXIAL FORCE IS MEASURED ROUND
T | INMEDIATELY AFTER EACH BOLT 1S TIGHTENED, TO CALCULATE | PATTERN
TORQUE COEFF ICIENT TIGHTENING
g |TIGHTENING WITH TARGET AXIAL FORCE OF 100% USING TORQUE §2¥¥ERN
COEFFICIENT CALCULATED IN STEP 7 e
ROUND
9 | SIMILAR TO STEP 8 PATTERN
TIGHTENING
ROUND
10 | SIMILAR TO STEP 8 PATTERN

TIGHTENING
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FIG.8
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—-e-—~ : TARGET
—o— : STEP1
~O— : STEP2
—@==: STEP3
—o— : STEP4
—e— : STEPS
—o— : STEP6

DETECTION RESULTS CUNIT : kN)

ﬁg't PROCEDURE | 1 2 | 3 | 4 | 5 6 | 7 | 8

STEP1 DIAGONAL 229140 26} 3.4| 36|36 25| 3.2

STEP2 DIAGONAL 56| 7.0| 54| 63| 6.6|6.9| 57| 6.3

STEP3 DIAGONAL | 15.0(19.2 151 {17.5/16.3{19.0{14.0|17.3

STEP4 DIAGONAL | 24.1}29.1{23.1/27.2|24.0(28.9|22.5(27.9

STEP5 | ROUND PATTERN |27.0) 27.2127.3(27.0(27.1(27.0|27.0{28.1

STEP6 | ROUND PATTERN | 28.1| 28.3|28.1{28.0|28.3(28.0{28.2|28.1
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: TARGET
: STEP1
: STEP?
: STEP3
: STEP4
: STEPS

: STEP6

DETECTION RESULTS CUNIT : kN)

ﬁg't PROCEDURE | 1 2| 31 4 51 6| 7|8

STEP1 DIAGONAL 2.4 2.8 23| 33| 25| 40| 1.9] 2.5

STEP2 D 1AGONAL 49| 56) 50) 54y 5.7 7.1} 42} 52

STEP3 DIAGONAL  |13.9 (152 [12.8]15.2|14.6|18.8| 11.0(13.7

STEP4 DIAGONAL  121.1123.6}21.4{24.5{22.8{28.9]18.7{22.5

STEPS5 | ROUND PATTERN 123.3 | 22.8|24.6|24.0124.4(28.2| 21.4|23.4

STEPG { ROUND PATTERN[23.2|123.0|24.9{24.3125.0)28.1] 21.3]23.8




