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Evaluation of the Structural Safety of a Hydraulic
Accumulator used for Marine Diesel Engine
According to the Thread Root Radius

Noh, Dong hyeon

Department of Mechanical Systems Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

A hydraulic accumulator used for marine diesel engine consist of two
hemispherical threaded shells, threaded lower shell and threaded upper
shell in which liquid and gas are separated by a flexible diaphragm. A
hydraulic accumulator can be applied in marine diesel engine with heavy
vibration and pressure pulsation so it can damp the sudden pressure
shock, pulsation and cushion the pressure spike. During the operation of
a hydraulic accumulator, the thread of the lower shell is subjected to
concentrated stress. The purpose of this study is to investigate
numerically the structural safety of a hydraulic accumulator according to
the thread root radius and the friction coefficient using three different
models of the lower shells with the thread root radius 0.1 mm, 0.2 mm

and 0.4 mm respectively.
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Charging pressure of a hydraulic accumulator is 300 bar and
operating pressure range is from 280 to 300 bar. The primary stress
was analyzed by calculating the membrane and bending stress of the
lower shell, the upper shell and the thread where stress is concentrated
under the pressure condition of 300 bar using finite element method.
The mesh test is carried out to ensure reliable analysis result by
applying very small element size and the gradient mesh in the thread

where stress is concentrated.

Even if the thread is not subject to the major deformation, the
fatigue life should be evaluated because the peak stress of the thread
can cause the fatigue failure. There are three different cases of
operating pressure range  should be evaluated for the fatigue life
according to the service condition of a hydraulic accumulator. First,
operating pressure range is from 280 to 300 bar in the normal service
condition. Second, operating pressure range is from 250 to 300 bar
under the severe service condition. Lastly, operating pressure range is
defined as the maximum pressure range of 200 to 300 bar under the

abnormal service condition.

Alternating stress is calculated with the total stress and the fatigue
penalty factor according to the yield strength and the tensile strength of
the applied material. The fatigue life is evaluated by applying alternating
stress to the fatigue life curve of the applied material. The static
analysis result of a hydraulic accumulator shows that the general
primary membrane stress and primary bending stress do not exceed the
allowable stress in the lower shell, the upper shell and the thread
where stress is concentrated under the pressure condition of 300 bar.

However the result of evaluation of the fatigue life shows the fatigue
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life increased as the thread root radius and the friction -coefficient
increased under the severe service condition and abnormal service

condition of a hydraulic accumulator used for marine diesel engine.

KEY WORDS : Hydraulic accumulator used for marine diesel engine 4}-&
f9F  o]FEdolE; Diaphragm accumulator TlolojZ =l o] FEHo]E;
High-pressurized vessel 9t <= 87]; Structural safety FZHZA;

Fatigue life evaluation: ¥ 2 <% H7}
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Nomenclature

. 57} %9 (equivalent stress)

Q|

E . B A4~ (Young’s modulus, GPa)

v . 3o} H] (Poisson’s ratio)

P . ¥z 29 (primary stress)

P, o Ak Iz} v 33 (general primary membrane stress)
P, ;R g2k 9k 88 (local primary membrane stress)

P, c 92k #3359 (primary bending stress)

Q . o]z} 59 (secondary stress)

F 3= 59 (peak stress)

S . 318 23 (allowable stress)

S, » &8 7% (yield strength)

St : 1 A= (tensile strength)

Sk - A &9 (total stress, primary + secondary + peak stress)
K, . 32 B4 Al (fatigue penalty factor)

S, . 28 3|8 3= (allowable limit for fatigue penalty factor)
Suer - ¥ &9 (alternating stress)

N : 92 41 (fatigue life)
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WA= e FEAEC 23S W dEo] dojdts ooy HAAA R
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Table 1 Comparison of static failure theory in ASME Code [2]

Section Allowable stress Theory
Sy S,
VII, Div. 1 §= Min( 357 1. 5> Max. principal stress

Max. stress allowable value

VI, Div. 2 m = S 15 Von Mises
Max. stress allowable value

S, Sy>
3.0° 1.5

Design stress intensity value

| S, = Min(5 5 Tresca
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Figure 5.1
Stress Categories and Limits of Eguivalent Stress

— Primary Secondary
Category General Local : T:'I;r;l:;a:j?: FOsk
Membrane Membrane Sending P 4
Descrip- | Average primary | Average stress Component of Self-equilibrating | 1. Increment
tian (For | stress across across any solid | primary stress stress necessary added to
axamples,| solid section. saction. proportional to | to satisfy contin- primary or
saa Table | Excludes dis- Considers dis- distance from uity of structure., secondary
5.2) continuities and | continuities but | centroid of solid | Occurs at strue- stress by a
concentrations. not concentra- section. tural discontinui- concentration
Produced only tions. Produced | Excludes dis- ties. Can be {notch).
by mechanical anly by mech- continuities and | caused by 2. Certain ther-
loacds. anical loads. concentrations. | mechanical load mal stresses
Produced anly or by differential which may
by meachanical tharmal cause fatigue
loads. expansion. but not distor-
Excludes local tion of vessel
stress shape.
concantrations.
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Table 2 International standard comparison of SCM440 material

Country Korea Japan US.A Germany | Britain ISO
AISI
Standard KS JIS DIN BS/EN ISO
SAE
708M70
4140 42CrMo4 | 709M40 | 42CrMo4
Grade | SCMA40 | SEMA40 | 4149 | 42crMosa | 42CrMod | 42CrMosd
42CrMoS4

Table 3 Mechanical properties of SCM440 material [5]

Density Elastic Poissomn’s Yield Tensile
Material (Kgem®) Modulus B4ils Strength Strength
grem (GPa) (MPa) (MPa)
SCM440 7.85 205 0.29 640 880
Heat Oil quenching 840° C(1544° F)
treatment Tempering to the required mechanical properties.

3o 283 S/heHe) BEst 2 A0E FHE HR AT & e
A AR BRAE Lawe =Usl AP, B2 4R A3 51 A
g BEsk ol AE FEE AE Rl 9AL 3F % S0 YyyHo=
1g Aoz dAFE HEe WY 2w AUHos d 2Ud 4w
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Fig. 7 Mesh shape of hydraulic accumulator
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Fig. 8 Mesh shape as number of node at thread root radius
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Table 4 Total stress as number of node at thread root radius

Total stress(s, ;)
Pressure | Friction Mesh No. [MPa]
[bar] |coefficient| (Node number)
R 0.1 mm R 0.2 mm R 0.4 mm
1 (15 2480 1840 1530
2 (30) 2500 1860 1540
300 0.1
3 (50) 2510 1860 1540
4 (75) 2510 1860 1540
34 AA =1 9 35 =1
T oJFEH oY =d ¢HL 300 bare|2=2, A% T AF Ay s A
U5 AAo] 300 bar o] 4ol 7Rt F4 oJFEHCIHE EE fo =9
o 1A EHO JQorg SHE Ao by BFES 3 A7 s AA =1

2 a5 =3 gk d4S Fig. 9 o 2o

Upper shell \ T

X

y

300 bar

I
4l
s

300 bar

&

Lower shell

Fixed

Fig. 9 Analysis condition for displacement and pressure
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Table 5 Allowable stress [2]

Tensile Yield Tensile Yield Allowable AuLS 'bl
strength strength - | strength/2.4 | strength/1.5 stress ct)wa €
(s,) () (5., /2.4) (8,1:5) (S) (Slrggs)
[MPa] [MPa] [MPa] [MPal] [MPal] [MPa]

880 640 366 426 366 550
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Table 6 Structural analysis results for thread root radius 0.1 mm

Primary
el Primary Allowabl membrane A111'5.b1
reac roo - Path | membrane owabie - -, bending owabie
radius Friction stress(.S) stress
No. | stress(2,,) stress
[mm] [MPal] (1.55)
[MPal] (P, +P,) [MPa]
[MPa]
1 175.5 197.4
0 2 154.3 169.0
3 138.6 383.2
1 175.9 196.8
0.1 2 154.0 168.6
3 129.6 365.1
0.1 366 550
1 176.6 197.6
0.2 2 153.8 168.6
3 123.6 347.9
1 177.3 198.7
0.3 2 153.7 168.7
3 119.3 333.5
- 23 -
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Fig. 13 Analysis results(2,,) for thread root radius 0.1 mm
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Fig. 14 Analysis results(”, + P, ) for thread root radius 0.1 mm
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Table 7 Structural analysis results for thread root radius 0.2 mm

Primary
el Primary Allowabl membrane A111'5.b1
reac roo - Path | membrane owabie - -, bending owabie
radius Friction stress(,S) stress
No. | stress(2,,) stress
[mm] [MPa] (1.59)
[MPal] (P, +P,) [MPa]
[MPal]
1 175.4 197.6
0 2 155.4 169.0
3 126.7 402.1
1 175.8 196.9
0.1 2 154.0 168.6
3 116.8 381.3
0.2 366 550
1 176.5 197.8
0.2 2 153.8 168.6
3 110.9 361.9
1 177.2 198.9
0.3 2 153.7 168.8
3 107.0 346.0
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Fig. 15 Analysis results(”,,) for thread root radius 0.2 mm
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Fig. 16 Analysis results(”, + P, ) for thread root radius 0.2 mm
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Table 8 Structural analysis results for thread root radius 0.4 mm

Primary
el Primary Allowabl membrane A111'5.b1
reac roo - Path | membrane owabie - -, bending owabie
radius Friction stress(.S) stress
No. | stress(2,,) stress
[mm] [MPal] (1.55)
[MPal] (P, +P,) [MPa]
[MPa]
1 175.5 197.7
0 2 154.4 169.2
3 118.8 373.1
1 175.8 196.9
0.1 2 154.0 168.7
3 109.9 355.5
0.4 366 550
1 176.5 197.8
0.2 2 153.9 168.7
3 104.9 338.9
1 177.2 198.9
0.3 2 153.8 168.9
3 101.7 324.4
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Fig. 17 Analysis results(2,,) for thread root radius 0.4 mm
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Fig. 18 Analysis results(”, + P, ) for thread root radius 0.4 mm
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Fig. 20 Distance between contact ends of thread and thread root radius

YA Z ¥4 01 mm A$ €8 BEIX = Fig 21 ¥ Fig. 22 o Yetysla,
A AF YA FolA I 2 ¥ 3538 MPa, ¥a #¥ 582 619.6
MPag 7} =4 JErsth

UAF = ¥4 02 mm A$ ¢¥ Ex %= Fig 23 7 Fig. 24 o Jelgla,
A AEZ A FolA gk = 382 3425 MPa, ¥ak ¥ 92 4348
MPaZ 71 =7 "detston, oj= YA & W73 0.1 mm 74 -¢o Bls| L2 =
+8L& 3.2%, 42 53 &4

AL F 04 04 mm S 88 EEEE Fig. 25 ¢ Fig. 26 o Yebida,
A HE YA FolA ¥x v ¥ 3507 MPa, ¥x #3 $HS 6294
MPag 7}7 l‘:{-ﬂl Uebten, o WA & W4 0.1 mm Aol Bl dxb o
Az F3 g¥L 237 1.6% F/ERL, YA Z

2 &

g 24%, 42 5 Y2 44.8%

A g BE B4 A% Bl U} E w7 0.1 mm A5 $Y HFo]
WAEE BAL B whze] 0.2 mm 5ol 13 wz@ 2 7] o] F37<]
59 Hzo 9 Az Zoz oAt Uy
170l ARoRA 8 HFol @sEoel )
2ol WA E AR Pol7h Aol el me} mHE o|7k AYOTA A%
o] A UEd Aow wuhEn. 9 B4 AnE B
AE AL Z w4 02 mm A7k 7h4 kg A oletn warH

f g
S
=
=
o,

o o
i
>
m

o

el
(=]

- 32 -
Collection @ kmou



Table 9 Stress distribution in thread as root radius

Thread Primary Primary

Pressure| root Friction |Thread| membrane |AlIncrement| bending |A Increment

[bar] | radius |coefficient| No. | stress(2,,) [%] stress( ) (%]

[mm] [MPa] [MPal

1 353.8 reference 619.6 reference

2 239.7 -32.2 454.4 -26.7

3 176.1 -50.2 270.8 -56.3

4 137.0 -61.3 263.8 -57.4

0.1 0.1 5 112.4 -68.2 169.1 =72.7

6 95.7 -73.0 130.8 -78.9

7 97.9 -72.3 122.9 -80.2

8 107.5 -69.6 99.5 -83.9

9 117.6 -66.8 47.3 -92.4
1 342.5 reference 434.8 reference

2 231.5 -32.4 292.3 -32.8

3 170.4 -50.2 215.6 -50.4

4 132.9 -61.2 166.6 -61.7

300 0.2 0.1 5 109.8 -67.9 136.5 -68.6

6 93.2 -72.8 122.3 -71.9

7 95.4 -72.1 97.1 =777

8 105.3 -69.3 69.3 -84.1

9 117.3 -65.8 50.4 -88.4
1 350.7 reference 629.4 reference

2 238.3 -32.1 412.2 -34.5

3 176.1 -49.8 401.9 -36.1

4 139.7 -60.2 246.2 -60.9

0.4 0.1 5 112.6 -67.9 211.0 -66.5

6 96.5 -72.5 146.8 -76.7

7 98.7 -71.9 117.5 -81.3

8 107.3 -69.4 93.1 -85.2

9 119.7 -65.9 84.3 -86.6
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Fig. 21 Membrane stress distribution in thread of root radius 0.1 mm
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Fig. 22 Bending stress distribution in thread of root radius 0.1 mm
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Fig. 23 Membrane stress distribution in thread of root radius 0.2 mm
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Fig. 24 Bending stress distribution in thread of root radius 0.2 mm
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Membrane stress distribution in thread of root radius 0.4 mm
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Fig. 26 Bending stress distribution in thread of root radius 0.4 mm
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Fig. 28 Area of max. total stress of thread root radius 0.2 mm model
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Fig. 29 Area of max. total stress of thread root radius 0.4 mm model
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Table 10 Three cases of the fatigue life evaluation

Case Operating pressure(P) | Pressure deviation(AP) Opergt_ing
[bar] [bar] Condition

1 280~300 20 Normal

2 250~300 50 Severe
3 200~300 100 Abnormal

43 v 2 78 H7F W

g2 HAE Y8 S Aol AREEHE gxAHR] IA4 4 Z=eE U
Table 11 © 2 Jelct & A= ASME BPVC, Section VII, Div. 2¢]
=2 AA #A4E 7Ivte s y2 $£HS H37) 59T [21

Table 11 Code option for fatigue design

Code Stress Definitions for Fatigue
ASME VI[-2 Notch Stress (welded, unwelded, & bolts)
Structural Stress
Structural Stress
B5-5500 Notch Stress (bolts only)
Hot-Spot Stress
EN-13445 Notch Stress (unwelded & bolts only)
ASME B31 Piping Codes Nominal Stress
DNV-RP-C203 Hot-Spot Stress
ABS Hot-Spot Stress
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Table 12 Allowable limit for fatigue penalty factor

Allowable limit
All(gwable Yield stress 3-A1tlowable 2+Yield stress | for fatigue
STESS (s,) STESS (25,) penalty factor
& [MPa] 55 [MPa] (5,,)
MP MP -
[MPa] [MPa] [MPa]
366 640 1100 1280 1280

¢ Are the 402, 4303 = 214l w2t

K, =1 for AS,, =8, (12)
= A
K. =10+ ( 5 1) for S, <AS,, <msS, (13)
1
K= for AS,, =mS (14)
ghef Aol A S HApl &Y 58 d= Hop AnW =2 8 Frh A
2 B4 AsE 1y sjFoloF gt

A& SW B A9 fY o FEANE AF ol BE 93 52 A}

58 ARG At 3 Fig. 31 o yekd ASME BPVC, Sec. VI, Div. 2
Table 5.13° we} 2-& Aol %

933t 2 B AL, DS FalFolof s
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Table 5.13
Fatigue Penalty Factors for Fatigue Analysis

K, [Note (1]] Tmax [Note (2]]

Material m n *C “F
Low alloy steel 20 0.2 371 700
Martensitic stainless steel 2.0 0.2 371 700
Carbon steel 3.0 0.2 371 700
Austenitic stainless steel 17 03 427 800
Nickel-chromium-iron L7 0.3 437 800
Nickel-copper 17 0.3 427 800

NOTES:
(1) Fatigue penalty factor.
(2) The fatigue penalty factor should be used only if all of the following are satisfied:
« The component is not subject to thermal ratcheting.
» The maximum temperature in the cycle is within the value in the table for the material.

Fig. 31 Fatigue penalty factors for fatigue analysis [2]

o o] FEHoE HE A SCM440e A=S-E B4 AgF7(Cr-Mo
low alloys steeDel] a3 =MW, & 2% W2l= 60° CollA 80° CEZA], m
e 2.0, n gk 0.27F A% st

)
N
i
X

AADNA K, e 84 =A% 84 F A 240 wE 2y

AT f¢ olFBdcIHE 84 =

MER nEsA g

AADE B8 T S ABL HG 29 WZPE FA(fatigue
o J

S-N curve)e] sl 3= 49
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Table 13 Max. total stress at operating pressure of 280 and 300 bar

Pressure Thrrzez{l_jugoot Friction Total Stress(sS, ;) A Increment
[bar] [mm] coefficient [MPa] (%]
0 2510 reference
0.1 2340 -6.8
0.1
0.2 2190 -12.7
0.3 2060 -17.9
0 1860 -25.9
0.1 1740 -30.7
280 0.2
0.2 1670 -33.5
0.3 1630 -35.1
0 1510 -39.8
0.1 1440 -42.6
0.4
0.2 1370 -45.4
0.3 1310 -47.8
0 2680 reference
0.1 2510 -6.3
0.1
0.2 2340 -12.7
0.3 2210 -17.5
0 1990 -25.7
0.1 1860 -30.6
300 0.2
0.2 1790 -33.2
0.3 1750 -34.7
0 1620 -39.6
0.1 1540 -42.5
0.4
0.2 1470 -45.1
0.3 1410 -47.4
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3,000

2,500

2,000

1,500

1,000

Max. total stress (MPa)

500

—+—Threadroot R 0.1 mm
—®—Threadroot R 0.2 mm
—#—Threadroot R 0.4 mm

2,510
2,340
2,190
2,060
1 slso\i\.\.
a— i 1.870 1,630
1,510 e A
1,440 e —
' 1,310
0 0.1 0.2 0.3

Friction coefficient

Fig. 32 Total stress as thread root radius and friction at 280 bar

3,000

2,000

1,500

1,000

Max. total stress (MPa)

500

2,500

2,680\‘

2,5\
2,340

—+—Threadroot R 0.1 mm
—#-Threadroot R 0.2 mm
—4—Threadroot R 0.4 mm

2,210
1,9.90\1\.\.
11860 1,790 1,750
y m
L 1,540 P
' 1,410
0 0.1 0.2 0.3

Friction coefficient

Fig. 33 Total stress as thread root radius and friction at 300 bar
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Table 14 Alternating stress at operating pressure from 280 to 300 bar

Pressure Threaq To0! Friction | Alternating stress(.9,;,) A Increment
radius .
[bar] coefficient [MPa] [%]
[mm]
0 85 reference
0.1 85 0.0
0.1
0.2 75 -11.8
0.3 75 -11.8
0 65 -23.5
280~300 0.2 0.1 60 -29.4
(A P=20) ' 0.2 60 -29.4
0.3 60 -29.4
0 55 -35.3
0.1 50 -41.2
0.4
0.2 50 -41.2
0.3 50 -41.2
- 47 -
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g 50 —+—Thread root R 0.1 mm
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= ] —#—Thread root R 0.2 mm
g A +—Threadroot R 0.4 mm
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@

2 ]

<

20 |

10

0 0.1 0.2 r.3

Friction coefficient

Fig. 34 Alternating stress at operating pressure from 280 to 300 bar
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Table 15 Fatigue life at operating pressure from 280 to 300 bar

Pressure Threa(_l root Friction Fatigue life(V)
radius .. Remark
[bar] coefficient [cycle]
[mm]
0 40x10° Infinite life
- 0.1 40x10° Infinite life
' 0.2 52x10%° Infinite life
0.3 52x10™° Infinite life
0 19x10% Infinite life
280~300 0.9 0.1 24x10" Infinite life
(A P=20) ' 0.2 24x10M Infinite life
0.3 24x10™ Infinite life
0 69x10% Infinite life
04 0.1 73x10" Infinite life
' 0.2 73x10Y Infinite life
0.3 73x10% Infinite life
1.0E+19 A = %
73E+18 7.3E+18 7.3E+18
1.0E+18 2
1.0E+17 /
6.9E+16
T 108416
(4]
o 5, a
:; 1.0E+15 744&15%4E+¥5—%4E+15
:'_I: —4—Threadroot R 0.1 mm
g LAE+14 T9E+14 —#—ThreadrootR 0.2 mm
:gl ~4—Thread root R 0.4 mm
£ 1.0E+13
1.0E+12 = -
/(E.+11 5.2E+11
1.0E+11 . /
4 0E+10 4 0E+10
1.0E+10
4] 0.1 0.2 0.3
Friction coefficient

Fig. 35 Fatigue life at operating pressure from 280 to 300 bar
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Table 16 Max. total stress at operating pressure of 250 bar

Pressure Thrre;li(l.jugOOt Friction Total Stress(sS, ) A Increment
[bar] coefficient [MPal [%]
[mm]
0 2240 reference
01 0.1 2090 -6.7
' 0.2 1960 -12.5
0.3 1840 -17.9
0 1660 -25.9
0.1 1550 -30.8
250 0.2
0.2 1490 -33.5
0.3 1460 -34.8
0 1350 -39.7
04 0.1 1290 -42.4
' 0.2 1230 -45.1
0.3 1170 -47.8
3,000
2,500
’(? 2,2‘40\‘\
S 2000 2,090 \.
= 1,960
ﬁ 1,840
"E 1,500 - L@.
o o 1,550 —u —+—Threadroot R 0.1 mm
"g 13'56 ——— 71490 1,460 —8—-Thread root R 0.2 mm
o : 1,290 : e —+—Thread root R 0.4 mm
% 1,000 h#an 1,170
=
500
0
0 0.1 0.2 0.3
Friction coefficient

Fig. 36 Total stress as thread root radius and friction at 250 bar
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vk o] 0.1 mm, v}FEA 7 09 w 220 MPa & 714+
=4 vebya, YA F dbE o] 0.4 mm, vFEAS7E 039 wf 120 MPa & 7HE+
ZHA el om ol Aldo g oF 45% ZHAH S8 kS 3kl syt

Table 17 Alternating stress at operating pressure from 250 to 300 bar

Pressure Thrrzezj(jiugoot Friction | Alternating stress(S,;,) A Increment
[bar] coefficient [MPa] [%]
[mm]
0 220 reference
0.1 210 -4.5
0.1
0.2 190 -13.6
0.3 185 -15.9
0 165 -25.0
250~300 0.9 0.1 (7 -29.5
(A P=50) ' 0.2 150 -31.8
0.3 145 -34.1
0 135 -38.6
0.1 125 -43.2
0.4
0.2 120 -45.5
0.3 120 -45.5
- 52 -
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150
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120 120 —=—Threadroot R 0.2 mm
4+—Threadroct R 0.4 mm

125

100

Alternating stress (MPa)

50

0 0.1 0.2 0.3

Friction coefficient

Fig. 37 Alternating stress at operating pressure from 250 to 300 bar
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Table 18 Fatigue life at operating pressure from 250 to 300 bar

Pressure Threa(_l root Friction Fatigue life(V)
radius .. Remark
[bar] coefficient [cycle]
[mm]
0 44,727 Finite life
01 0.1 55,928 Finite life
' 0.2 97,450 Finite life
0.3 115,621 Finite life
0 284,567 Finite life
250~300 0.9 0.1 545,667 Finite life
(A P=50) ' 0.2 841,365 Finite life
0.3 1,292,613 Infinite life
0 4,050,396 Infinite life
04 0.1 17x10° Infinite life
' 0.2 40x10° Infinite life
0.3 40x10° Infinite life
100,000,000
~= 46000000 40,000,000
P
S 17,000,000
) .
£ 4,050,396
3 050,
[«}]
5 1000000 "—.—1‘,_2:);613 —+—Threadroot R 0.1 mm
g //841:3? —#—Threadroct R 0.2 mm
D 545,667 —+—Thread root R 0.4 mm
s 284,567
100,000 —
MG 115,821
55,928
44 727
10,000
0 0.1 0.2 0.3
Friction coefficient

Fig. 38 Fatigue life at operating pressure from 250 to 300 bar
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Table 19 Max. total stress at operating pressure of 200 bar

Pressure Thrre;li(l.jugOOt Friction Total Stress(sS, ) A Increment
[bar] coefficient [MPal [%]
[mm]
0 1790 reference
0.1 1670 -6.7
0.1
0.2 1570 -12.3
0.3 1480 -17.3
0 1330 -25.7
0.1 1240 -30.7
200 0.2
0.2 1200 -33.0
0.3 1170 -34.6
0 1080 -39.7
0.1 1030 -42.5
0.4
0.2 981 -45.2
0.3 939 -47.5
3,000
2,500
g
E 2,000
w
g 1,7.90\\
% s 1870 1570 == —+—Thread root R 0.1 mm
"g .\.‘ 450 —#—Threadroot R 0.2 mm
; 1330 om0 T,z.c; —11-?0 +—Thread root R 0.4 mm
g 1,080 - —
- 981 939
500
0
0 0.1 0.2 0.3
Friction coefficient

Fig. 39 Total stress as thread root radius and friction at 200 bar
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Table 20 Alternating stress at operating pressure from 200 to 300 bar

Pressure Threaq o0 Friction | Alternating stress(.9,,) A Increments

[bal TS coefficient [MPa] [%]

[mm]

0 445 reference

0.1 420 -5.6

0.1
0.2 385 -13.5
0.3 365 -18.0
0 330 -25.8
200~300 0.9 0.1 310 -30.3
(A P=100) ' 0.2 295 -33.7
0.3 290 -34.8
0 270 -39.3
0.1 255 -42.7

0.4
0.2 244.5 -45.1
0.3 235.5 -47.1
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W™ 200

2 1 +—Thread rcot R 0.4 mm
.

[

2 ]

< 150

100 |

50

0 0.1 0.2 0.3

Friction coefficient

Fig. 40 Alternating stress at operating pressure from 200 to 300 bar
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Table 21 Fatigue life at operating pressure from 200 to 300 bar

Pressure Threa(_l root Friction Fatigue life(V)
radius .. Remark
[bar] [mm] coefficient [cycle]
0 2,085 Finite life
01 0.1 2,542 Finite life
' 0.2 3,522 Finite life
0.3 4,420 Finite life
0 7,604 Finite life
200~300 0.9 0.1 12,176 Finite life
(A P=100) ' 0.2 14,334 Finite life
0.3 15,185 Finite life
0 19,506 Finite life
04 0.1 24,122 Finite life
' 0.2 28,435 Finite life
0.3 33,157 Finite life
40,000
35,000
30,000 =
M - 28435
S 25,000
=~ 24,122
”
:._I: 20,000 —+—ThreadrootR 0.1 mm
g 19,5086 —#—ThreadrootR 0.2 mm
:gl 15.000 — ~+—Threadroot R 0.4 mm
s /:34—, 15,185
R '/ 12,176
7,604
5,000
= ‘ 3,522 4420
0 2.085 2,542 '
4] 0.1 0.2 0.3
Friction coefficient

Fig. 41 Fatigue life at operating pressure from 200 to 300 bar
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