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Abstract

The use of aluminum alloy screw threads is increasing because they are lighter than steel screw threads. However, its characteristics have not
yet been fully elucidated. In this study, the fastening torque characteristics of commercial screw threads made of aluminum alloy A5056 the
size of which were M6 were examined using a simple device with and without lubricant conditions. In the experiment, the relationship between

the rotation angle and the fastening torque was measured multiple times under both conditions. As a result, the variation was large under the
condition without lubrication, but it was small under the condition with lubrication. In both cases, the fastening torque transitioned from the
elastic (linear) area through the snug area to the plastic area. In addition, the connected screw sets were axially cut with a wire EDM to observe
the side contact surfaces of the male and female screw threads. It was found that the contact surface area changed with the increase of the

fastening torque.
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Table 1 Composition of aluminum alloy A5056

| % Si | Fe | Cu | Mn |

Mg |

Cr | Zn | Z D | Al |

| wi% | 0.30LL F | 0.40LL F | 0.10L4 F | 0.05~0.20 | 4.50~5.60 | 0.05~0.2 | 0.108L F | 005217<(§+015£17<)| PR

Table 2 Mechanical properties of aluminum alloy A5056

Density 2.64 [g/em’]
Young's modulus

o .. 70.6 [GP
(modulus of longitudinal elasticity) [GPa]
Rigidity

. 25.9 [GP

(Modulus of lateral elasticity) [GPa]
Poisson's ratio 0.3
Tensile strength 294 [N/mmz]
Yield strength 245 [N/mm’]
Shear strength 221 [N/mmz]
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Fig. 1 Initial experimental device

16

Fig. 2 Simplified experimental device

Fig. 3 Measuring method of rotation angle and fastening torque
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Fig. 4 Relationship between rotation angle and fastening torque
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(a) Without lubrication

(b) With lubrication

Fig. 5 Relationship between rotation angle and
inclination of fastening torque
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Fig. 6 Cross section photograph of screw thread
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(a)Without lubrication (b)With lubrication

Fig. 7 Magnified contact surface in linear area (7y=2.5 Nm)
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(a)Without lubrication (b)With lubrication

Fig. 8 Magnified contact surface in linear area (7y= 5.0 Nm)
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(a)Without lubrication (b)With lubrication

Fig. 9 Magnified contact surface in plastic area (7r= 7.5 Nm)
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An equivalent stiffness evaluation of clamped members in bolted hollow cylinders with different
Young’ s moduli
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Abstract

When an external load is applied to dissimilar hollow cylinders clamped by a bolt and a nut, the external load is shared by them and deform in
accordance with the respective stiffness ratio of the clamped hollow cylinders to the bolt-nut. Therefore, stiffness evaluation of clamped
dissimilar hollow cylinders and bolts is necessary to assess their function and strength. W. Lori et al. proposed the formulas to calculate the
equivalent stiffness of clamped hollow cylinders which can be applied to hollow cylinders clamped, where the elastic modulus of the clamped
hollow cylinders is the same. For evaluating the stiffness of clamped two hollow cylinders with different Young‘s modulus, an equivalent
stiffness formula for clamped two dissimilar hollow cylinders is derived using W. Lori’s method mentioned above, and the obtained results are
compared with the results obtained from 2 D axisymmetric model in FEM calculations. In the FEM model, two dissimilar hollow cylinders are
clamped by a M12 bolt and a nut is replaced with a bolt head. In addition, FEM calculations are done for examining the effects of the outer
diameter of the hollow cylinders, Young‘s modulus and the thickness of the hollow cylinders. The values of the stiffness obtained from the
proposed formula are compared with those obtained from FEM calculations. It is found that a difference in the stiffness of clamped dissimilar
hollow cylinders is 2% ~ 9% between the proposed formula and the FEM calculations. So, the proposed formula can be applied to estimate the
stiffness of dissimilar hollow cylinders with better accuracy.

Key Words: Bolted Joint, Flange stiffness, Different Young‘s modulus, Finite element method, Stress analysis
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Fig. 1 Equivalent stiffness model of clamped hollow cylinders
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Fig. 2 Equivalent stiffness model for clamped two follow cylinders
with different elastic moduli in the case of larger outer diameter

(Dc = dw +(l1+lz)tany)

Fig. 3 Equivalent stiffness model of clamped two plates
with different Young‘s modulus

(L= Dc<dw+(li+h)tany and /1 = (De-dw)/2tany)
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Fig. 4 Equivalent stiffness model for clamped two follow cylinders
with different elastic moduli in the case of thick hollow cylinder

(dw=D.<dy +(I;+h)tany and [,<(D.-d)/2tany)
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Fig. 5 Equivalent stiffness model of clamped two hollow cylinders

with different Young‘s modulus (dw>Dc)

(a) Structure and parameters of analysis model

(b) Axisymmetric 2D analysis model

Fig. 6 Bolt and clamped hollow cylinders analysis model
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Table 1 Analysis model parameters of bolt and hollow cylinders

Parts Items Symbol CASE 1 CASE 2
Axial force F [N] 55458
Young’s modulus E [GPa] 205 (Steel)
Poisson's ratio v 0.3
Bolt
Outer diameter of the bearing face| d ,, [mm] 19
Head hight k [mm] 7.5 “—
Shank diameter d [mm] 12
Diameter D, |mm] | 20,30,40,50,60
Clamped Young’s modulus E | [GPa] 205 (Steel)
hollow Poisson's ratio vy 0.3 (Steel)
cylinder 1 Thickness 1, [mm] 20 10
Hole diameter dj [mm] 13
-
Diameter D, [mm]| 20,30,40,50,60
205 (Steel) -
Young’s modulus E, [GPa]| 118 (Titanium) ;;S(LITI::':“:;
a o 73 (Aluminum) uminu
hollow 0.3 (Steel)
. .32 (Titani
cylinder 2 Poisson's ratio vy 0.32 (Titanium) 00331 ;lm"!lum)
0.31 (Aluminum) | (Aluminum)
Thickness [, [mm] 20 30
Hole diameter d;, [mm] 10 —

Table 2 Number of elements and nodes of analysis model

Items Symbol CASE 1 and 2

Diameter of clamped hollow

cylinders 1 and 2 Dc[mm] [ 20 30 40 50 60
Number of elements - 5940 | 8116 | 10428 | 12740 | 14858
Number of nodes - 24005 | 32677 | 41891 | 51105 | 59545
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Fig. 7 Average displacement of hollow cylinders
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Characteristics of Bolt Creep and Estimation of Gasket Stress in Bolted Flanged Joints
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Abstract

In the published standards, selection criteria for bolt materials for high temperature and high pressure environments ( exceeding 540°C (1000°
F) and 300 Ib) has not been specified. In addition, it seems that there are few studies that summarize how the initial bolt load and the flange
nominal diameter affect the change over time of the bolt load under a high temperature environment. This paper proposed formulas to calculate
the changes over time in bolt stress and gasket stress easily due to bolt creep by applying the mechanical relationship of bolted flange joint.
The changes over time in the bolt stress and the gasket stress calculated by the proposed formulas were fairly good agreement with the FEM
and the experiments. By utilizing proposed formulas, it is possible to predict when retightening should be carried out for bolted flanged joints
operated continuously for a long period of time. Furthermore, in the present paper, the effects of initial bolt load, internal pressure, bolt materials,
and flange nominal diameters on the sealing performance under high temperature environments are clarified by utilizing proposed formulas
and FEM. As a result, this paper shows that the increasing initial bolt load against bolt creep under a high temperature environment cannot be
expected to be effective, and that the size of internal pressure and flange nominal diameter has small effects on the change over time of bolt
load.

Key Words: Creep, Relaxation, Bolt, Flange, Temperature
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Table 1 Temperature upper limits for typical bolt materials in the
published standards

28

H AR 3 U R A stam SU4E, Vol. 1, No. 2, 2023

Bolt Material ASME BPVC JPI-7S-15®
Strength Sec.II-D ©)
High B7 450°C 538°C
(Cr — Mo) (550°C *2)
Bl6 540°C 593°C
(Cr-1/2Mo-V) (600°C *3)
Middle B35 (5Cr) 450°C 649°C
(650°C *4)
Low *1 B8M 595°C 816°C
(18Cr-8Ni) (825°C *5)
*1 For ASME B31.3 and JPI-7S-15, it can be used only for 300
Ib or lower.
*2 The allowable stress table shows up to 550°C, but the
allowable stress decreases due to time-dependent

characteristics above 450°C.

The allowable stress table shows up to
allowable stress decreases
characteristics above 540°C.
The allowable stress table shows up to
allowable

600°C, but the

due to time-dependent

*4 650°C, but the

stress decreases due to time-dependent
characteristics above 450°C.

*5 The allowable stress table shows up to
allowable stress decreases

characteristics above 595°C.

825°C, but the

due to time-dependent
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Fig.1 FEM model and boundary conditions
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Fig.2 Stress strain characteristics of the spiral wound gasket®

Table 2 Creep constants
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Tensile load by internal
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Fig.3 Spring model of bolted flange joint
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(a) Creep strain distribution after 36000 hours.

(b) Stress distribution in the axial direction of the bolt

(c) Gasket stress distribution (Compressive stress ; +)
Fig.4 Counter diagrams of FEM model
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Fig.8 Comparison of bolt materials
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Fig.11 Stress strain characteristics of the spiral wound gasket
(T#1806-GH-GOO)
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Fig. 13 Comparison between experimental results and
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Fig. 14 Comparison between measured results of an actual

equipment and calculated results
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