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ABSTRACT

As the main way of power transmission for aircrafts, the aircraft pipeline system is spread all over
the aircraft, and has an important impact on the overall structure, performance, safety, etc. of the aircraft.
For a long time, the problem of leakage in the aircraft pipeline system accounts for 73.94% of the total
number of failures, and most of the problems are "running, emitting, dripping, and leaking". With the
gradual improvement of the performance of modern aircraft in all aspects, the working pressure of the
hydraulic system is getting higher and higher, which puts higher requirements on the sealing reliability
of the pipeline system.This article aims to address the problem of sealing failure in the aircraft hydraulic
pipeline system, and based on the three-dimensional real rough surface of the pipeline connection,
conducts a detailed study on the sealing mechanism of the pipeline. The main research contents and
innovative work of this article are as follows:

(1) Conducted a test to measure the friction coefficient of the friction pair material in the pipeline
connection and the relationship between the tightening torque of the connecting bolt.The friction
coefficient of the friction pair material in the real aircraft pipeline connection was obtained, as well as
the relationship between the tightening torque of the connecting bolt and the resulting tensile force in
the real pipeline connection. This provided input parameters for the subsequent finite element simulation
model of the pipeline connection.

(2) Cutting and sampling the contact area between the flared tube and the tapered surface of the
tube joint, scanning the sampling area using a white light confocal microscope to obtain surface 3D
topography data, and reverse modeling and finite element mesh division of the scanning data to obtain
a 3D solid model of the contact surface. Through finite element simulation analysis, the relationship
between the real contact area of the rough surface and the average contact stress on the surface is
obtained.On this basis, the leakage state of the contact surface is simulated using a grid, and the
minimum contact stress required for the formation of a sealed interface in the contact area and the
sealing evaluation index are finally obtained.

(3) Establish a finite element model of pipeline connecting pieces, simulate and analyze the
influence of tightening torque and assembly deviation on the sealing performance of pipelines, and
obtain the minimum tightening torque required for pipeline sealing and the corresponding bandwidth
of the yield deformation area. The simulation results show that as the diameter of the pipeline increases,

the minimum tightening torque required for sealing gradually increases, and the corresponding yield
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deformation bandwidth of the contact area is around 0.5mm. Axial deviation has the greatest impact on
pipeline sealing performance, while radial and angular deviations have a smaller impact on pipeline
sealing performance.

(4) Comprehensive tests on the sealing performance of pipeline connections were conducted.The
minimum tightening torque and assembly deviation threshold values in the simulation were verified
using the pipeline connection sealing performance test under no assembly deviation and the assembly
deviation sealing performance impact test under minimum tightening torque. The yield deformation
bandwidth in the simulation was verified using the indentation bandwidth measurement test on the
sealing surface area.The results fully demonstrate the consistency between simulation and experimental
results, indicating the correctness and effectiveness of the pipeline sealing performance modeling and
analysis method in this paper.

Keywords: Pipeline connections, Rough surface contact, Pipeline sealing, Finite element analysis,

Sealability Testing
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B: Static Structural
Pressure

B: Static Structural

Type: Pressure Type: Pressure
Unit: MPa Unit: MPa
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417 417
205 N 205
183.02 O 184.74
161.03 164.48
139.05 — 144.22
17.07 —{ 123.96
95.084 . 103.7
73.101 83437
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I N
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B: Static Structural
Pressure
Type: Pressure
Unit: MPa

B: Static Structural
Pressure
Type: Pressure
Unit: MPa
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205 417
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B: Static Structural
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B: Static Structural
Pressure
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B: Static Structural
Pressure
Type: Pressure
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B: Static Structural
Pressure

Type: Pressure
Unit: MPa

649.05 Max, 828.73 Max
417 4917 i
205 205

18742 188.67

169.85 172.34

152.27 156.01

1347 139.68

11712 123.35

99.548 107.02

81.973 Min 90.691 Min

(c) MmN 718 10kN (d) HhFUE 108 12kN
Kl 4.14 RREEHATE T de=8mm 7 18 58 L B R M 1= K

M AE S5 AL FRE A H] APDL i R S 4 1 ek 2 T #2 A BE iR 1 417MPa BViA 3 A

58



A L2 R R 2 22 A1 S
RO B IX R BN TS, B 4.15 Fos, BN BT 58 0.07mm % B2 4l T K
IR SN B T B A B /N T T A7, RIVIE 1 2R3 d=8mm R I3 B s 30 25 N A /N
[ TR 7108 10.03kN. [FIRFARHE 2.4 TP ER 2.10 w13 IR e B A 4 00 R B 2 3 st il ) 731
BT

F =400.151T (4.3)
752X L (1 B/ MR IO 25.07Nm

020 T R w5
0.18 F—— fWh&rithk

0.16
Eo4f
£o. 12

ZO L0
.08},
I[\% 0.06 F
0.04 F
0.02

0. 00 4 L L L L L !

2 4 6 B 10 12 14 16

B n) FUES A7 /KN
4.15 dy=8mm Fili 7] T 775 B /N FF 1 96 2 R] F) 9K &

[EIREX 4™ 1 2 TH A 2B i IR A T I3 o0 647 o0, W /N 56 8 1 9 5 e /N e IR AR T 8 —
HATEERE, Wil 4.16 Fias. TE&/NlA T 7328 10.07kN Bl /N5 J15E 25.16N-m 5 N K
R ARAS T 568 0.53mm, 44k SR8 K 7] 0 S0 & 12.5kN 2 A5 I R AR T AR AR 358 40 ka1
A, BT d=8mm ¥ & 58 LA A X R ) %8 A, 78 10.07kN LU H/ i iR
AR A e K AR R T RS MR BRSNS, 0 KdT 5 77 0 ) 4 3 kot 2% St 4 g [Tl
b7/ N8

0.20 [ N S 12.00
0. 18 || —— f/E IR A A
0.16 g =
- 1.50 -
Eou4f =]
8012 12548
;@3 0.10 1.00 i
e . =_E_
=z, 0.08 o/ 0.75 B
wooer AL =
] 0. 50 1%
0.04 | :
002k : 0.25
0. 00 === ‘ L . L 0. 00
2 4 6 8 10 12 14 16

i T % 1 /KN
4.16 dy=8mm Hr /N EHH T8 -5 B /N E RS 7 55 % e

59



5 18 2 FUSR RE R IH F) i  E LER AT 5T

4. 4. A fHEING

AL AT AT H = RO B R A I 38 B T 5 S 8 e N T % 0 DA 87 A S IR AR

T TR 4.2 Fron. BEEEHOERME RS RER, T8 S T 5 200 SN T 5 Z

BN, 7 A T AR 23 X I T FEHEAAE 0.5mm PRI, I HLBEE S HOE A RS R T .
R 4.2 HEEATRNT R R E IR A 58 AR

EEEE RS dymm /M EI T EAE T/N-m JiEi IR AR 1 98 4 HAH Ly/mm

4 14.18 0.48
6 22.28 0.51
8 25.07 0.53

4.5 e REXE B EE R M A

e 22 AR YT VB S S Al T AR KR T R 2, W 417 Fos. ARYE
GIB3054-97 HIHERY “ 3R 100mm K H A2 AR 0.3mm, k2 NIEHIZE 0.8mm B
7o A A 2 H A TRDR ST I 5785 il 1) i 2 42 1090 BB, AR T 38 3 20 A AS [ RS il ] s 22
P 2 B S 1 2 P P s e A

o

l’“ wwe oRKEE H-51

1
]
wwe oRKEE H-H1

-~
—r

i

%ﬁﬁ%%@LL» WS4 d i &
_&oAbA sk,
g1 FNENR R RO
B B SR
i e,
B 191 A e 56 s f
B RSB B

———'

B 4.17 Hlria fi 7275 = 18
4.5.1 d=4mm ERFF D
HEEUT F AR R /M TR 715 14.18 Nom BUHIAI TR 7728 7.7kN A d=dmm 4 # 14) )

Qi 2 BEAT 34T, ol 1 Al 22 175 B 4 B 9 BB M- 1.0mm~1.0mm, G il e 22 AR89 D8 58 Bk %,
IEH A i 2R D BB RS, B 418 gl VAN FEARIA 22 N DV 5 kAR

60



A LA R R AR 22 A3 1 S

N2 3o ARt BL, AT LA B il i 22 OB O, RIS 1B B/ o X2 B T 2248 K2

By D RVE SR A A B, R
ZEBR, Tt T R 1 I R

B: Static Structural
Pressure
Type: Pressure
Unit: MPa
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417
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60.81 Min
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B: Static Structural
rrrrrrrr
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B: Static Structural
Pressure

Type: Pressure
Unit: MPa
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72, IS 17 i 2 00 5 B B e PR REAC B S (VR o S R /N S THT B8 2 0.0 7 X 7 il v v 22
KNAE LR RE Pl R 222 B R AE, A 419 W LR H, ZRAT BRI EAMTE
i 14.18 N-m X dy=4mm & BOERRAEATIBCN, 7ER R ZE /N T 0 I 4 BECRAEE B R 10

WEVERE, BRI R R f /N JE AR AE A 98 09 0.48mm.
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O - R EHER 10
o a5 /)N i R AR TR Ay 7 10.9
0.10 F 0.8 E
E L T
. 0738
42 0.08F . i
= S Zn 0.6 8
R 0 06 " 54
g 06T 0.5
=
Z 005} : E
X 0.04 | 0.45
0.03 | ! Jo.s™®
0.0z} | i
0.01F X :
0.00 ' 0.1

-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0
A 1v2) st 22 / mm

K 4.19 dy=4mm T A 2= T & B ERE B4
4.5.2 d=6mm B ZE AT

T EL S B K R MR 22.28 N-m BV A1 T 774 10.3KN St d=6mm 5 % () il 71
(i ZZHEAT 0T, 0 A 225 7 22 ¥ B 9 L - 1.0mm~1.0mm, 37 185 MR 32 S 12 fih 2 T PO i 7
it 5 ) i 22 (D384 KIS, Pl 4.20 Bz {3 APDL iy AU $ BUH 7 1 el 1T 1Y
B/ N AT 9 A0 B /N R R T s 5 W P 4.21 B U /NS B THT 964 0.07mm 36 B2 14 %l i i
FER /NI 22 B C IME , 2R 05 B4 B B /NP5 0% 22.28Nm b dp=6mm & H %4z
PEREATHEECRT, TERN AR ZE /N T 0.05mm B 4 BB CRAIF S S0 1 B SR RS, X I 0 5 /)N e
A %N 0.48mm.

B: Static Structural
Pressure
Type: Pressure

B: Static Structural
Pressure
Type: Pressure

Unit: MPa Unit: MPa
72745 Max 685.67 Max
417 417 i
205 205
181.54 18271
158.07 16041
134.61 138.12
111.14 115.82
87.676 93.527
64.211 > 71.232
40.747 Min ~ 48.938 Min

(a) 1) fw 22 4-0.6mm

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

487.76 Max
a7 L

43.623 Min

(c) HhFMmZEN 0.2mm

(b) 7] fii %5 9-0.2mm

B: Static Structural
Pressure

Type: Pressure
Unit: MPa

453.27 Max

(d) FhmmZEN 0.6mm
K 4.20 ANEEHFRZE T d=6mm ¥ & 588 kb R 1 N = K



A LA R R AR 22 A3 1 S

0. 13 7— — G vEE ‘ 12
0. 12 f—— &/ A 5 11.1
0.1 ST 110
0.10F ’ 10.0.E
Eoof 1o gt
Zo sk . 1o -8
e e il S ' 3{,?‘;}
Ho.06F ' -
% ! 055
20,05 =
X 0,04 F | 10ts
003l ! H0. 5 0%
pey ! . H0.2
0.01F ! =3 0.1

0

00 S 0.0
-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0
b ) 2 / mm

K 4.21 dy=6mm & B 2= T 2 B Re (7 Jah R
4.5. 3 dj=8mm B RZEEHEEE AT

PR B AR B () fe /M T 5 % 25.07N-m B T /78 10.03KN X dp=8mm 8 I 1) ik
[ i 2= JE AT 44T il 1) i 2 5 B4 B S R M- 1.0mmn~ 1. Omm, - 377 1R RS 42 S 1 i R TG 110 2 i 7
73 B A il ) s 22 R B K IRk s, ] 4.22 Fizs . {8 APDL i &It S U & DV efil = i
(1 5t /N 28 T o R /N J IR AR T e 5 G 1) 4.23 P e 30 B /N THT 9 29 0.07mm of 7 Fy il v
2 RN gt e s 22 S PO B AE, 24 R F 07 AR B R/ N5 704 25.07N'm X dp=8mm & H6i%
PP AT RIS, Rl AR 22 /N T 0.03mm I A BECRIEAE R 1 B B, X L AR B /)N il
HRAZ 4 % 4 0.5 1 mm.

B: Static Structural
Pressure

B: Static Structural

Type: Pressure Type: Pre

Unit: MPa Unit: MP,
853.09 Max 813.87 Max,
417 47
205 205
18549 186.77
165.98 168.53
146.48 150.3
126.97 132.07
10746 113.83
87.952 > 95.599
68444 Min ~ 77.365 Min

(a) b1l fw 22 4-0.6mm (b) AR ZE 4-0.2mm
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B: Static Structural

B: Static Structural

Pressure
Type: Pre Type: Pressure
Unit: MP Unit: MP,

590.89 Max, 555.42 Max,
417 a7
205 205
18374 181.57
! 16249 158.15

e,
56.199 Min ~ 41.023 Min

(c) HhmMWZE N 0.2mm (d) FhmmZE N 0.6mm
422 AFEHERZE N de=8mm ¥ & 58k R m N 5= K

0.16
0. 14 7
L 012 \E
E010 -
Iw 0.08 o}
- hui=1
# -
£ 0.06 =
i W5
0. 04 - g
0.02F -

0 0.1

00 R T R T
-1.0-0.8-0.6-0.4-0.2 0.0 0.2 0.4 0.6 0.8 1.0
11 it 22/ mm

Kl 4.23 d=8mm & F{Hl ) 22 T 2 B RRT B 45 R

4.5 4 {HFE/NG

=P RS R R 7 USRI S BT INE (1 i 17 {22 25 L R A R e I
FIENE IR A SN2 4.3 Fras, Jla) e 2608 I B ERE e i K, fEs/MTE 1M T H
LERCBAE RS, AT LR N A 25 B RE S T 00 7 SEPRZEBC I FE A B 1 e bt s 1 el 1) s 22
=4,

R A3 BN IR il ) e 25 25 T BRI ARL B 6 I8 1) B /0 e AR AR S
B ER RS do/mm A w2 B B xymm fe/ N RS 9 AR L/mm

4 0 0.48
6 0.05 0.48
8 0.03 0.51

4. 6 REMREXE K ZE g2 74T
Bz e Y D& 58Sk 2 B2 AR T R ZE, I 424 Fios. RE
GJB3054-97 FPFLEED “ 4R 100mm KAEEITE 0.3mm”. A7 oA A [ RS T 2 R
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ZENY I G B (R B s A

AR F100mmEK (HITFISZ A L) 0.3mm

__h-l

TLE t}' é“wm

DR 22 48 E i g
JSEAN B2z 2k

4.24 122w =

4. 6.1 d=4mm ERREEF M RED T
VEEUT B R A5 31 e /N 148 14.18 Nem BP#H A T % J18 7.7kN % di=4mm % 5% 1147 1]

PR ZE AT 3T, & B N IR G54, 42 M) 22 B 1IE 12 4y, Ui U B VE N 0~2.4mm,

Kl 4.25 4 TAERIARZE B 08 58 BEL AR N 1 A 1E L, 7] U & 2 e 22

(RI3G K 2 (A5 BT B A AN 5], 7 VI B RSk 1 — R A, WISk A — (L

IR, T L= A 20 R SR 5 T S 90 0 5K SRR

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

661.98 Max 665.69 Max

a7 a7

205 205

183.87 183.23

16273 16147

14186 1397

12046 117.94

99.326 96.17

78491 74404 :
57.056 Min . 52.638 Min -

(@) FAMFZEN 0.5mm

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

668.94 Max 671.81 Max
417 47

205 205

18268 182.19
160.35 159.37
138.03 136.56
11571 11375
93.384 90.934
71.061 68.121
48.738 Min o~ 45.308 Min

(c) MWz 1.5mm

(b) Ak ZA 1.0mm

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

(d) w2 2.0mm

4 4.25 RRIRE T dy-dmm 501 54 Bk B )
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% 18 = Yk LIRS R TH 1) B LT A
PRI ™ 1715 A R 1T P10 fe /)N 3 1D 5 R e /DN e IR T B W 8 4.26 FTo e \f LU 4R 1)
Al 2 0 B 7N B85 Jat THI B8 1 5 /0N JeE IR AR TS e 5 PR S50, SRR/ N3 B THT 9624 0.07mm . % BE 4%
1) i 2 /N AR R ZE R R, R PO AR B e/ M B % 14.18 Nom X dp=4mm 5 2
EPAFHHTIE R, ERMAMZNT 0.52mm I A4 REARIE R BOERAE 3 R, 0 B/
JE IR AR T4 %604 0.46mm.

0.09r 1 0. 56
—— FNE R !
— B ERERA {0.52

T/ 8 3 1T 58/ mm

’ . \ . . . )
0.0 0.4 0.8 L2 1.6 20 2.4
A2 i 2 /mm

K 4.26 d=4mm B A2 F 2 N & EERE T HAE R
4.6.2 d=6mm B EZFHERESTIT

MU B A B ¥ BN 5 706 22.28 Nem BV [R) T 5% 7724 10.3KN X d=6mm & % (1112 17]
TWZEBEAT 0T, AR 22 07 B B T A 0~2.4mm, 18 427 45 7 ARFEIR w2 R 14 FIAE
Pk e R I B B 7 2= P o SRR A I R A 2 T 11 /)N 2 e T 5 A6 /D Je JIR AR T s 5
Kl 4.28 flizm o SEEUR /NS EE 98 A 0.07mm it S K143 ) i 22 K /N AR 1) 25 25 B0 R, 24 R
Ui FAS B e /N7 5 7746 22.28N-m X do=6mm B B E AR AT ZEII , ZEA2 AR ZE /N T 0.55mm
I 74 B CRAE T B R O (25 BV R, Xt SR s/ J RS FE 5 96 A 0.46mm

Pressure

Type: Pressure

B: Static Structural

Unit: MPa
623.36 Max 623.26 Max
a7 " 417 k
205 205
182.88 182.88
160.77 16077
138.65 138.65
116.53 116.53
94.415 94.415
72.298 72.298
50.181 Min 50.181 Min

(a) FEFwZJ9 0.5mm (b) ZFMFZA 1.0mm
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B: Static Structural
Pressure
Type: Pressure

Unit: MPa Unit: MPa
638.54 Max 6444 Max
417 417
205 205
180.81 180.08
156.61 15517
13242 130.25
108.22 105.34
84.031 80424
59.837 55.509
35.643 Min 30.594 Min

010 T = R B
0. 09 H——" TRV AE s 5

=

/NS 9 /mm

B: Static Structural
Pressure
Type: Pressure

0. <36
0.04
0.03
OJ%U aﬁ nﬁ ljz ﬁe ﬁo zgjo

Tl i 22

K 4.28 dy=6mm & 2 ZE %

4. 6.3 d=8mm E IR EEERET I

BEREDT AR

MU B A B 5T I 25.07N-m BT 7724 10.03kN % dp=8mm & #% {145
[ ZE HEAT 40 AT, A% IR 2247 AR B VS DY 0~2.4mm, & 4.29 45 T A EAR AW ZE T4 A
R SR i R T R k2 2 PRl o SRR ™ 10 A i R T P 5/ 3 S T 0 R /) Je R AR S 7 5
e 4.30 s ER /NS 85T 589 0.07mm X B2 R 7 i 22 K/ A o) s 22 e PO I, 4R
M AR B/NMT R I 25.07N'm X d=8mm & HOERAF AT REICNT, FEAR W 25 /N T
0.40mm I 4 RECRUES BRIEFEAF RO B BHERE, 0L S/ J IRAZ T 989 0.5 1mms

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

781.56 Max
417

205

186.6
168.21
149.81
13142
113.02
94.624
76.228 Min -~

(a) FRMWZN 0.5mm

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

790.68 Max
a7

205

184.53
164.06
143.59
12312
102.65
82.182
61.713 Min

(b) 2w ZA 1.0mm

67



5 18 = Y B SRR R I (AR 1% s B LB

B: Static Structural
Pressure
Type: Pressure

B: Static Structural
Pressure
Type: Pressure

Unit: MPa Unit: MPa
797.95 Max 802.65 Max
417 417
205 205
L Te2ss 18176
L 16076 158.53
138.64 135.29
116.52 112.05
L 04305 88.816
72.274 65.58
50.153 Min : o 42.343 Min —
/ NIIEN y: N
(c) FHwZEN 1.5mm (d) ZwZEHN 2.0mm

Kl 4.29 AFRREMRZE T de=8mm 4 18 5 8 Sk bR i M. ) 2

OO = mEHER
0. 09 f—— F/NE BT 0. 56

0.0 04 08 1.2 1.6 20 2.4
e R %

K 4.30 d=8mm F {12 Mz N & ERE B R
4.6. 4 {GEING

=RPRSHE BOE R I U A A E R /NPT SRR IRt L A4 ) i 22 2R T R L X Tz
1t/ B RS T SE Un3R 4.4 PR, A2 1A i 22 2 e BB Bl A i 22 BE K, 2948 0.5mm FRIT, i
SR AT R B/ N7 B AR B RO R A AT BL AR VFAR AU ZE /N T 0.5mm R HCYE -
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P AT TR R 2B 2 1 3
R 4.4 /TR AR 1) 225 T B ALt ) e /0 i IR AR T
B EERAT RS dy/mm T A ZE 2 B BRAEL xmm /N JE ARAR I 4 96 017 FLAE. Ly/mm

4 0.52 0.46
6 0.55 0.46
8 0.40 0.51

4.7 FalEREXE B EF R

f R ZE AR Y VS 5 SRR Al i il 2 2 TRV A FE R 22, T 1ET 4.24 P ARYE - GIB3054-
97 HIRLER “ SEVF R Z AL 207, ATE I M AN FRSE T Ay i 3 0 U8 i
Rk E SR e b= A LYS/IEE

a <2°

K431 MiamzEnr~ER-
4.7.1 d=4mm B REZEF M GE ST

W EUT B AR 1S B /T S 15 14.18 Nom B4R VR 7758 7.7kN X di=dmm 8 % 1) £ 7]
TRZEBEAT 00T, B BRIERAT NN IREE M, M w2 A B g, TR RETEHEY 0~5°
4.33 25 T AFEM AR ZE Y EE S B RSk R T N S A AL, RT LA B A I S
(I K T REASEAS . ) A3 AT AN 5, 7 VA B Sk R — (U S /s, T30 4 Sk fg — il
TS FTHR s INTTT T 35077 A A 2080 b DX P 2 T B 0 ) 17 01 KN AR [

B: Static Structural

B: Static Structural

Ty;?e: Type: Pre:
Unit: MP, Unit: MP
673.28 Max 67939 Max
417 417
205 205
183.31 1824
161.62 159.3
139.93 137.19
A 5
74.855 O 69.388
53164 Min - 26.786 Min - -
(a) MmMwZN 2° (b) fAmwZER 4°

K 4.32 ANFEMIARZE T de=4mm 3 V8 55 5L R T N 71 2 K
SR VS A R T 1A 5 /) 85 2 T 9 A B /00 e MR ARl 98 Q1] 4.26 7S o G HIUBe /)N o
FEN 0.07mm XTI PR A7 [7] i 22 K/ f 0 i 22 RS FE BRIAEL, 4R P 015 A5 2 (0 B /NPT K 0 SR
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5 18 = Y B SRR R I (AR 1% s B LB
14.18 N'm XI do=4mm & BIERAFIATIRREC, EMFMZENT 0.55° B A REORIEE HOERNT
Ry B PERE, X R/ AR 580 0.47mm.

0.10p

- - RUhEH@E
0. 09 Fl—— s/ i AL T8 9 H0.50
0. 08 |
E 0.07
T
0,06

Z0.05}
Fooaf
0,03
0.02}
0.01F

0.00
0

] 2 3 4 5
IR i

K 4.33 dj=4mm & M 22 PR RE T B Ah
4.7.2 d=6mm B RZEEHERES AT

W7 F P A B K R T I 22.28 N-m BV [E) T 7709 10.3KN X dg=6mm & 8% X1 £f1 1]
WRZEFEAT 534, MmO B EEEy 0~5° , B 4.34 et T AR f e 22 R4 1B e
SRR AR T R A2k S ) 25 P o SREE 37 11 842 A 3 T ) e/ S T 9 R i /0 Je IR 2 7 5 2
4.35 P el INE BT 588 0.07mm X S AR A 18] i 22 K/ A 1 fin 22 B B BREL, 4R A4
FAR RN ER/MTE I 22.28N-m X do=6mm & HGERATFHATRBCN , fEM A WZE/DNT 0.52°
I A e ORAE S BR R A B B R RE XA B/ I IR A2 41 98 09 0.51mm.

Pressure
Type: Pressure

B: Static Structural
Pressure
Type: Pressure

Unit: MPa Unit: MPa
620.7 Max 6302 Max i
47 417
205
18176 fgz.m
158552 156.22
135.28 131.84
112.04 107.45
88.801 83.062
63361 > 58.675
42321 Min 4 34.287 Min e
(a) A2 2° (b) fAmwZER 4°

434 REAERE T de=6mm 3~ FVE 5 8 ek Bl T 57 2
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0.10 10.56

0.09 | 7054

0.08 <. 1092
- H0.50-8
£0.07 Jo.48 8
R 0.06F 10.46 =
70051 H0. 44$
o of H0.42=
= S 0.40 2,
I 0.03 1 - =
H 0. 38 0%

0.02 F 10,36

0.01F 40,34

0.00 . : ‘ . 0.32

0 1 2 3 4 5

fo i s/ 1
P 4.35 do=6mm & % A1 17 i 22 N B RE DT HAE R

4.7.3 di=8mm B RZE AT

e F AR BN S 25.07N-m R FEE /179 10.03kN X dp=8mm & % ) £
W AT 8T, e R B 0~5° , B 436 4 T AR E N DS ME
BB R M RN T 2= 1 o SR 3™ VA 2 T 14 5 /) S T 58 A0 B/ e R A F i 98
K 4.37 Firz o aHUER/INEE S 1T SE 2 0.07mm S SN Rl ] i 22 K/ £ [ i 22 B IC R, 242K
i BAF BN B/ T 5 JI5E 25.07N-m X dp=8mm & B& EEHAT HEAT LN , 76 A 1a w22 /N T 0.48°
I A e ORAIEE BRI AR BV BE, X A0 e /N IR T4 98 09 0.53mm.

Type: Pressure
Unit: MPa

B: Static Structural
Pressure
Type: Pressure
Unit: MPa

644.05 Max 650.76 Max

417 417

205

182.56 fgz.ss

160.12 156.96

137.68 132.94

115.24 108.92

92.306 84.906

70367 ;

47.929 Min . e— gg_gg Min E——
(a) fAImwZEN 2° (b) Rz 4°

K 4.36 ARMAMZE T de=8mm 3 & 5 5L R N 71 2 K
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0.10 N 4 0. 60
== RNEHEE

0. 09 H—— st/ o IRAE 7 i 5 d0.56
E
E 0. 08 105243
= 0,07 il
-#fé 0. 481
1= 0.06 f;{
i 0.44 =
£ 0.05 ]§
[§004_ 0.40 3

0.03 - 0. 36

0. 02 : : ' - 0.32

0 1 2 3 4 5
1w 22/ T

K 4.37 do=8mm & B A1 [ i 22 N S BHERE DT HAG R
4.7. 4 (nE/NG

R RSB B FRA AR B/ N 58 T RE TS Xt I 1 1 1 i 22 2 T R L S 6T L ) /0 e AR AR T
W IEUIR 4.5 B, TLUE H =R I8 HOE R PR AC BRE AR E 0.5° ifq.
R A5 /TR AR 2 B O L) fe /) S R AT 4 06

B HOERAT R dy/mm 1 0 v 22 2B P AL o/ f/ i IR A 41 98 1 BB L/mm

4 0.55 0.47
6 0.52 0.51
8 0.48 0.53

4.8 KE /N

AEELND TIA R EEEBUEN, JF HARESE =S50t fidie, [EEHY 1 U
EEAFEREBEREMI PN TE AR . EALH 1 O RS di=4mm. do=6mm. dy=8mm " [ E %
EERRATA PROCARE A, N 5 B PR AR AE 20 3007 Lo Bt 17 35 55 A M I i 22 ) 3 B 28 B PO R
(SE RIS

(1) MBI =FE RIS HOE R T A IRITI |, a5 BV Tals, KBS E NS
B /MRS58 14.18N-my 22.28N'm. 25.07N-m. BEEERIIIGK, 2 EHF B2 N
B/PTE AR IBETIG O, I R A A ik AL e A A T B K/ NAE 0.5mm B .

(2) U0y BAT B /N7 5 AR /N X R S 0 I B P AT i B T M 22 1 10 3 1k
ABRICOTE, FTRAGRIE Omm DA Pl 1A 0 22 (106 BOE R A S B PERE, 0.5mm DA PY (4% 1 i 22 1)
BRI R RE, LU 0.5° DLV RO 1] 0 22 B e e AF 2 PR RE o 1 i 2 o) 5 B S 11
RERCMIRR, MIAMZRL, RFWZE RIS N, I ELAESChn e i R b B St G 1 1) Al
[e] i 227 2
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F BT R R sl 22 A S

FLE ERERHEHMTEEARIEMR

5158

I 3R B AR A SE P2 JiC IR o 4758 0 DA 2 P 22 12 NS FRL K 22 12 225 1 LY
FARISISN, > RGPERIRIR SRR, ST, Wit TR BRI SR G, O, IRAA
[FVEAR 8 ORI 25 B I P 5 B R MT R, LA R BC W ZE T i /T 5 7098
RNEITINSE 5 53— 7 1, 10 /NPT BN 4 VT AL A2 e IR AR TR X kAT 1 4 Hl
XL SF AT EY DRI, G2 E R R . AT E A T HOERA B
T it B R B XS BB T M T RN E WSy 5 BLRCR IR 22 R I # B e
BIRTT S, WY R IR B LR 22X e B A, AR S 5 AT 1A R
BRI R . RJENY HEY DS SRS KRBT, 15208 B R L 3%
dat IS TR L) S AR AR T 98 o R B0 2R 5 i Sl A IR e o 45 B 0 45 R BEAT X B b, 58
RO EAS R HER L, [ Dy Sebr TRE R A 32 i EZ S i

5.2 ERERGEE RN
5. 2.1 iR H MR IR F

RN 1 RF RS d=dmm. dy=6mm. dp=8mm ¥ 13 KHLE HOEREME, WK 5.1
Ao I ELRFH A TE I O 22 AU 5 0 B A (B e e 22 AT, R & R T
58 T AR 3 T R R R 222 T2 2 A SR s i el e R A T R TRC R 22, 6 T 450 JE R SR 1R Y A7 ]
iZE. (e T35 2 PRS0y M18x1.5, 1Rk ZE T2 22 FFZE S0y M20x2, RIF:Z)
IR 25 TS 22 0T — P, B mZE B nAR/> 1.5mm; BeBhiE i 2 T 20T — 8, 42121
INAR> 2mme F 17 i 22 TR F S 46 SRS EAT 0], 32 BN RS FE R se I, o» Alseit 1 2°
A 4° f A ) s 22 SRR A, e 3 B 6 R AT S BT 0 ) s 22 FRD R 1 o B O 22 AL &
WK 5.2 fizR.

e BRI B &I E FEANRER . (RE. B R Pk, —me:
Sy Bk, 14mmx2.4mm O A B 15 SHSBUEMN. FBEROCERARA R IM-131 7Y
JE IR EEE . 0~30V AT EL AR FELVE . 47 et B ISR ARG PR A =) DO 3@ 38 (5 5 o R AR 2%
IM5936L LA K H R FIEHE RE B AE RFIDS, W 5.3 fios . Hor T30 2200 7 FLAT TM-
131 B A% 8488 i 0 I 5E VG I FE 0~60MPa,  PRAFHELPCE TAE K /175 EI7E 0~56MPa, 1130 |
TAEE JJVGHEITE 0~50MPa, 34861 2 25 IS 42MPa 15 /12K .

73



5 18 2 FUSR RE R IH F) i  E LER AT 5T

“w

B 5.0 3 O RHUE BT

(d) 17 i 22 4 19 S
K 5.2 B IR A I Z ARG 5 S HL w22 TR LA
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(b) 1EHIE

(2) FHBETR

WEGEREN

(g) O % &l (h) 15 ST
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75 18 =2k FUSRL R T )5 2 e AL T

(i) IM-131 Ry f k4% G) AT BRI HL

oSN S8R0 Shs_wws L W L L AR
BEClLEee ey s [TE e [ M CF
eI @ _manron | )
JE 77 e
| SE R e
B wevana
G a1 62 03 a4 us ek 07 o 03 i * % n zin 0 sia sio s 7w oo %0 1w LiE 5]
| I—J i
Memr| mw | M| Te | esw| I~ e Y R pEE | e o]
V] e ] Guasm  rews
REREN | mras
A = | |
P
D DAL A A—
a v “ Wa— 0 - - = R, =
@ BR ) rwe Cwm CSE n i3 = w0

(k) IM5936L 155 5 $ifE K 4 4% (1) JE A7 W W0 A
Kl 5.3 a0 &

e 3 EER T AT BT B e e AR 2 e &, Rk
IR R R, 1 NS PR B BCE R, OE SIS s Rk s, =ik
S IR, RS T s R R PE HE, Rl S =
Bk EMFTRIERE, JHE S B R R A R s B CR . Jhrp, IR R e =
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