1,/21

FIG.1

16

[~
2
=
Jy— )
= (o} ]
=)
=
=
o =
—_—o
=
=2 N
O Ll —
o = —
=w =
-_— e
\ |

(= |

DATA ACCUMULATION UNIT MZ

| | e [ .

o o — % e

m m \4 ........ = M
w (7] w

“ i v ==

.......................... ! @« !
| i
............................. ]




2/21

3101

TO TIGHTEN BOLTS
12-1; 12-2; ...12-8
?

YES

Bl

N

~|  FEED SENSOR QUTPUT FROM
§102 SENSOR GROUP 18

PROCESSING TO PLOT DETECTED
S103~ AXIAL FORCES AND TARGET
AXIAL FORCES

A

DISPLAY DISTRIBUTION MAP OF
S104~—{ DETECTED AXIAL FORCES AND
TARGET AXIAL FORCES VIA
COORD INATES

[§ TIGHTENING OF BOLTS

12-1, 12-2, ...12-8 COMPLETE
?

DISPLAY DISTRIBUTION MAP OF
S106~— TARGET AXIAL FORCES AND
DETECTED AXIAL FORCES VIA
COORDINATES

END



3./21

FIG.3
y1

26-1
Foret L .
y8 e | oo [7])
.a—” F1 -

(8l F2ref
/rs Fa\\ 262
/ 0 \\ Faref

BEFORE REACHING \
TARGET AXIAL FORCE | F7ref \\

\ £/,

6 e 2l T N
y
Foref
(5){  Fb5ref
y5
S ~ TARGET AXIAL FORCE
AXIAL FORCE

y1

a (1) _pqrep 26-1

k .. .

B

VARITATION IN AXTAL
FORCES BY ELASTIC

INTERACTION EFFECT




4,21

FIG.4

7
12-1
281
SENSOR |—
-4
12-2
14
\ x_}
[
A8 28
SENSOR  |—
SENSOR |— ;
Sqa | € | | iNForwATION
182 % GENERATION [—] MONITOR
18+ : = UNIT
' = 22 24
SENSOR |—
T 88 20
% 3

-
2




5201

5721
FIG.5

START ‘

A

TO TIGHTEN BOLTS
12 184 ...18-8
?

YES

<
A

5

S202~—

FEED SENSOR QUTPUT FROM
SENSOR GROUP 28

Y

S203~—

PLOT PROCESSING FOR
PARALLELISM

A

5204~

DISPLAY DISTRIBUTION MAP OF
PARALLELISM VIA COORDINATES

S205

IS TIGHTENING OF BOLTS

12-1, 12-2, ...12-8 COMPLETE
?

$206~—

DISPLAY DISTRIBUTION MAP
26-3 OF PARALLELISM

END




6/21

FIG.6

A y14 (4) y12
[PARALLELISNﬂ
STATE
(3]
y13
y11
(1]
B

NON-PARALLEL I'SM
STATE




7.2 21

FIG.7

56

~ 24

l /\90

(10-2) 52 ” !
r‘“‘ch—j 7 34

b C DATA LOGGER
/

£
[{ {

36 42 ) S )
\ | 48 46
S 5 & 4 &8

40 <38 38




8/21

FIG.8

58

= 7760

12-1,12:-2+++12-8 4 (18-1,18-2++-18-8)




(18-1~

SENSOR

9,/21

FI1G.9

184 18"52’\’

SENSOR

18-8~

SENSOR

28-1~

SENSOR

28-2~

SENSOR

28+

28-3~

SENSOR

| 28-4

SENSOR

MONITOR

45
DATA LOGGER
59
68._.
COMMUNI CAT1ON
Uit PROCESSOR
66 64
STORAGE UNIT
| /0
||IIIIIIII
700+
/
OPERATION INPUT 12
UNIT
PC
¢
48

(22)




10,721

FIG.10

START

A

$301 ~ INPUT HANDLING CONDITIONS
SUCH AS FLANGE, BOLT AND
TIGHTENING

b,

S302 SELECTION OF GASKET 8

S303

TIGHTENING NO (EXCLUDED)

MANAGEMENT
?

YES (INCLUDED)

S304 ~ COMPUTATION OF TIGHTENING
FORCE
| /8309
SELECTION OF TIGHTENING TIGHTENING RELYING ON
S305~  T00L AND DESIGNATION OF FEELING OF TRAINEE
TIGHTENING PROCEDURE
S306 ~ TIGHTENING
V8310
S307 ~  HANDLING MONITORING HANDL ING MONITORING

S308
NO IS

TIGHTENING COMPLETE
2

v
END




11721

FIG.11

| START

.

h 4

S401~— FEED SENSOR OUTPUT

h 4

S402 ~| PROCESSING TO RENDER GRAPHIC FROM
DETECTED AXIAL FORCES AND TARGET
AXIAL FORCES

S403~_| DYNAMICALLY DISPLAY DISTRIBUTION
MAP OF DETECTED AXIAL FORCES AND
TARGET AXIAL FORCES VIA COORDINATES

S404

PREDETERMINED
NUMBER OF ROUNDS
?

YES

S405~ SEAL HANDLING COMPLETION

END



[AXIAL FORCE TABLE 74]

12,/21

FIG.12

AXIAL FORCE

SENSOR

SENSOR

SENSOR

18—1 18_2 eacc0ssescenes 18_8 LB N N )
FI]D‘I F2101 R R R RN NN FB‘]O] escoe
F1102 F2102 sessssssssene F8102 P ——_
|
F1201 F2201 seses0cssscae F8201 seeee
F1202 FZZDZ secscccccscese F8202 eeeee
Il - - - - -
- : : : : ;
=
&
% F]301 F2301 LN N NN RN FSS[” seese
o
: F]302 F2302 sosesssesensee F8302 soese
S |
= : : : . .
& . . . . ’
F]do'i F2401 seceecccvcsee F840‘| LR RN
F1402 F2402 eevevccssssss F8402 ecsees
v - = - : -




13,/21

FIG.13

[PARALLELISM TABLE 761

GAP BETWEEN FLANGES

SENSOR | SENSOR | SENSOR | SENSOR | _
28-1 28-2 28-3 28-4
D1101 02101 D3101 DA101 | eeeee
D1102 D2102 | D3102 DA102 | eesee
|
D1201 D2201 D3201 D4201 | *eeee
D1202 D2202 | D3202 D4202 | eeeee
[l : - - - :
_ : . : : %
=
=B D1301 D2301 D3301 D4301 | eeees
=
£ D1302 D2302 D3302 D4302 | eeees
= 1l - - - - -
= . : : : -
3 = : : s :
D1401 02401 03401 D4401 | eeeee
D1402 D2402 | D3402 | D4402 | eeeee
\%

16










16,21

FIG.16

START

Y

3501~

SELECTION OF GASKET 8

h 4

S502~
FORCES

CALCULATE TARGET AXIAL

h 4

$503~—

FORCES

DISPLAY DISTRIBUTION MAP
REPRESENTING TARGET AXIAL

v

END

(.

,z'

‘\“"u,,»-"”
(6] :”\‘s“ “f”
S
6 \'."-u—' “/
y ~—
(5]

y8
E8] :
4“!Ii|"' Aol
.I



FIG.17
_ / v
78..- 1:8:: (1
v8 Fref |5 (2),Y2
(81<_F8 F2
= 26-2
Bref/ F2ref
/.- 2\ =\ 26-1
F7ref /: E7 AN \ F3
y7[7]/ i 9 X (3] i
\ /,
f Ehref /" F3ref
f
.,\F?re \’FS/rej/.- F4
F6 N S~ (4)
(5)
y5
-
1\111
(1] ~—18
v8 Flref |51 (23,
(BI< F8
= 26-2
Bref/ F2ref
/.- 2\ 261
F7ref /: F7 G N\ F3
y7 - X 0 X y3
(7N : : (3]
\-! .
Forer | __Fhref / F3ref
. TESref_.2k-F4
y6 (6 F6 va
(5]

y5



18,21

FIG.18

START

Y

8501 ~_| CALCULATE TARGET AXIAL FORCES
601~ FoR SURFACE PRESSURE REQUIRED
BY SELECTED GASKET

Y

COMPARE TARGET AXIAL FORCE
S602~ WITH DETECTED AXIAL FORCE FOR
EACH BOLT

S603

DO F LIE WITHIN Fref %15 (%)

/5605

v

5604 ~— ACCEPTANCE REJECTION

S606~ COMPREHENSIVE EVALUATION

S607 ~—{ DISPLAY DETERMINATION RESULT AND
COMPREHENSIVE EVALUATION FOR EACH BOLT

END



19,721

FIG.19
y1
(1]
’ F2
(2
F2ref
26-2
N, 2671
N\ F3
A I (3) 3
/ F3ref
/
F4
(4)
y6 F6ref Faref v4
Foref |[(5)
y5
B [EVALUATION TABLE 801
TARGET AXIAL s
FORCE Fref=30 CkN)
TOLERANCE OF
TARGET AXIAL Fref£15 (%) =25.5~34.5 (kN)

FORCE

DETECTED AXIAL | AXIAL | AXIAL | AXIAL | AXIAL | AXIAL | AXIAL | AXIAL
AXIAL FORCE | FORCE | FORCE | FORCE | FORCE | FORCE | FORCE | FORCE
FORCE OF BOLT | OF BOLT| OF BOLT| OF BOLT| OF BOLT| OF BOLT| OF BOLT| OF BOLT
12-1 12-2 12-3 12-4 12-8 | 12-6 12-7 12-8

28. 0 (kN)|28. 0 CkNJ| 20. 0 (kN] 30. 0 CkN]30. 0 CkNJ|40. 0 CkN| 20. 0 CkNJ |30. 0 (kN
DISCRETE
EVALUATION ACCEPTANCE | ACCEPTANCE| REJECT 10N | ACCEPTANCE | ACCEPTANCE| REJECTION| REJECTION |ACCEPTANCE

COMPREHENS I VE!
EVALUAT ON REJECTION




20421

FI1G.20

START

X

§701~— TIGHTENING TOGETHER FLANGES
6-1 AND 6-2

A 4

S702 ~—{ DETECT TIGHTENING SEQUENCE

5703

DOES TIGHTENING
SEQUENCE COINCIDE WITH

NO

PREDETERMINED TIGHTENING
PROCEDURE
?

YES

v S705

S704 ~— ACCEPTANCE DISPLAY

ERROR DISPLAY




s s |




