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Fig. 1 Sketch of DTB-I joint
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Fig. 2 Sketches of DTB joints: (a) 2DTB-II, (b) 3DTB-II, and (c) 4DTB-II
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Fig. 3 Sketches of modified DTB-II joints: (a) 3-1DTB-IIA, (b) 3-1DTB-IIB, and (c) 3-1DTB-IIC
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Fig. 6 Mating details of a DTB-IIC joint with double-nut structure
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Fig. 8 Appearance of experimental apparatus during DTB-IIC thread rolling
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Fig. 9 Comparison of upper groove shape of (a) EDM die, (b) GRD1 die, and (¢) GRD2 die

Table 1 Comparison of parallelogram groove length and depth for each thread rolling die

Die Length (mm) Depth (mm)
EDM 22.763 0.571
GRD1 19.782 0.516
GRD2 20.902 0.556
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Fig. 10 Comparison of screw thread shapes of (a) DTB-IICedm, (b) DTB-I1ICgrdl, and (c) DTB-

IICgrd2 rolled using each dedicated die
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Fig. 11 Comparison of mating conditions between the inner multiple-thread nut and (a) DTB-

[ICedm, (b) DTB-IICgrd1, (c) DTB-IICgrd2, and (d) DTB-IICcut

Table 2 Comparison of the amount of backlash in the axial direction between each DTB-IIC

bolt thread and inner nut thread with a multiple-thread nut

Thread type Amount of backlash (mm)
DTB-lICedm 0.201
DTB-IICgrd1 0.371
DTB-lICgrd2 0.200

DTB-lICcut 0.288
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Fig. 12 Behavior of bolt and nut due to transverse vibration: (a) left dead center of the vibrating
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Fig. 13 Junker vibration loosening test bench
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Fig. 14 Cross-sectional schematic diagram of the Junker test bench
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Fig. 15 Junker test results when one nut is installed on a normal single-thread bolt
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Fig. 16 FEM simulation model: (a) overall model of the bolted joint, (b) helical structure of DTB-

IIC thread, and (c) helical threads of two nuts
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Fig. 17 Boundary conditions in the FEM model: (a) adjustment of gap 4§, (b) tightening process of

the outer nut, and (c) loosening process
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Fig. 18 Comparison of transition in the residual rate of axial load F/Fy of (a) DTB-IICedm, (b)

DTB-IICgrdl, (c) DTB-IICgrd2, and (d) DTB-IICcut in Junker vibration loosening tests

Table 3 Comparison of final residual rate of the axial load F/Fy; of each DTB-IIC joint in Junker

vibration loosening tests

Thread type FIFm (%) Average F/Fu (%)
85

DTB-IICedm 92 88
88
78

DTB-1ICgrd1 74 76
77
92

DTB-IICgrd2 94 92
90
85

DTB-lICcut 81 82
79
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Fig. 19 Specimen with a cutaway for observing the mating condition between a DTB-IIC bolt and

the inner nut

Fig. 20 Change in mating condition between the DTB-IICgrd2 bolt and inner nut as the inner and
outer nuts are tightened: (a) after tightening the inner nut, (b) while tightening the outer nut, and (c)

after tightening the outer nut
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Fig. 21 Change in mating condition of a single-thread bolt with a double-nut structure as the inner
and outer nuts are tightened: (a) first step, after tightening the inner nut; (b) second step, after

tightening the outer nut; and (c) third step, after reverse tightening the inner nut
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Fig. 22 Change in mating condition between the DTB-IICgrd1 bolt and inner nut as the inner and

outer nuts are tightened: (a) after tightening the inner nut and (b) after tightening the outer nut
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Jammed mating state

Fig. 23 Equivalent stress distribution in the thread mating state of DTB-IIC and the inner nut of four
types of FEM model: (a) FEM_d-050 (6 = 0.05 mm), (b) FEM_d-100 (6 = 0.10 mm), (c) FEM _d-

150 (§ = 0.15 mm), and (d) FEM_d-200 (§ = 0.20 mm)
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Fig. 24 Comparison of the analysis and experimental results of the change in the residual rate of the

bolt axial load
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