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Abstract

Bolts and screws are widely used in steel structures, including automobiles and other transportation equipment, as well as bridges and
buildings. In recent years, the need for plastic region fastening has increased in the transportation equipment sector due to societal
demands for reducing CO- emissions. This fastening method, which is expected to consistently generate high axial forces, is attracting
attention as a technology that contributes to the miniaturization and weight reduction of parts. The rotation angle method is often used in
the practical application of plastic region fastening, but it requires the setting of a target tightening rotation angle. In this study, we use
bolts of three thread sizes, thread length and two hardnesses to investigate the effects of those under plastic fastening conditions. We
determine the allowable rotation angle for each size at the same tightening distance, as well as the axial force difference within that

range. Furthermore, we compare the allowable rotational angle during the tightening process with the plastic elongation range obtained
from tensile tests, and we consider a method for determining the allowable rotational angle using bolt tensile test data.
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Tablel. Principal dimension of test specimen
Size II: 1(1);1111221) Threlezi l; ngth Hardness
X th *1
(MdXP) (an] [n] [HV]
M10X1.25 124 30~120 333
311
351
X 1. ~
M12X1.25 145 30~140 309
310
M14X1. 1 ~1
5 65 30~160 349

*1  Actual measurements
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Figure2. Schematic of bolt specimen

(b) L=145mm, Lun=140 mm

Figure3. Examples of test specimen
(M12X1.25)

Figure 4. Nut

Figure 5. Polished plate

Table2. Manufacturing flow of test specimen
Material SCM440 (Same lot)
Wire drawing Spheroidizing annealing+

processing lime coating
Head molding Cold forging
Thread forming Thread rolling

Heat treatment Quenching and tempering
Zinc flake coating +

friction coefficient

Surface treatment stabilizer
(Friction coefficient :

about 0.1)
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Figure 6. Schematic diagram of fastening test
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Figure 7. Schematic of bolt and nut set
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Table 3. Comparison with long non-engaged thread bolt and short
non-engaged thread bolt of tightening test results

Steel type SCM440
Hardness [HV] 351
Thread Size MI12X1.25
Nominal length L [mm] 145
Tightening distance Lg [mm] 130
Thread length Lin[mm] 30 140
Non-engaged thread length [mm] 15 125
& 499 502
6l ] 630 1810
O0a° ] 680 1230
N 178 786
Fy [kN] 91 84
Fu [kN] 97 94
AFa [kN] 3.94 5.48
100 Ty
T
80 7% .
—_ .% ABA
260 4
§ / A84)
£ /
g 40 /
- La=30
20 — La=140
AN
1000 1500 2000

0 500
Rotation anngle(8)
Figure 8. Comparison with long non-engaged thread bolt and

short non-engaged thread bolt of tightening test chart.
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Study of the Effect of Thread Dimensions on Proper Tightening in Tapping Screw Connection
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Abstract

As pre-tapped threads are unnecessary, tapping screws offer cost advantages and they are used in numerous products such as automobiles,
electronic devices, and daily necessities. Plastics, soft materials, and wood are also used as base material. Tapping screws form threads in the
pilot holes of the base material. Applying excessive torque frequently causes thread damage and rupture of tapping screws. Apparently,
appropriate tightening torque should be lower than the failure torques. Appropriate tightening torques should lie between the torque at which
the screw head contacts the fastened part and the failure torque. However, the phenomenon of failure in tapping screw fastening remains
unresolved. The failure mechanism of tapping screw fastening is highly complex, involving numerous conditions such as screw type, nominal
diameter, tightening length, tightening component, and base material. To address this situation, preliminary experiments evaluating the
relationship between tightening torque and failure torque are conducted prior to manufacturing. Nevertheless, failure accidents often occur
during actual use even if tightening is performed based on the data obtained by preliminary experiments. The critical factors causing failure of
tapping screw fastening remain unclear. This study aims to evaluate the effects of screw tightening length and pilot hole diameter on the failure
torque of tapping screw fastenings. The failure torque of PC/ABS (a blend of polycarbonate and ABS resin) and M2.5 to M5 self-tapping
screws for plastics under varying thread engagement lengths and pilot hole diameters are evaluated. A formula has been proposed to calculate
the failure torque, accounting for both the stripping of the female thread in the base material and the rupture of the tapping screw from
experimental results.

Key Words: Tapping screw, Failure, Pilot hole, Engaged length
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Table 1 Test conditions

Tapping screw

Type For resin
. Carbon steel

Material (Yield stress:235MPa)
M2.5XL14

Size M3 XL25
M4 X125
M5 X125

Tapped part

PC/ABS

Material .
ateria (Yield stress:40~60MPa)

M2.5:1.9, 2.0, 2.lmm
M3 2.3, 2.35, 2.5, 2.6mm
M4 :3.1, 3.2, 3.3mm
M5 :39, 4.0, 4. 1mm

Pilot hole diameter

M2.5:5-10mm
M3  :6-19mm
Engaged length M4 :8-19mm
M5 :8-2Ilmm

(Change in Imm increments)

Tightened part

Material Electroless nickel-plated SPCC plate
M2.5: ¢2.7mm
. M3 : ¢3.4mm
Hole diameter M4 : $45mm
M5 :¢55mm
Tightening condition
Rotation speed | 300min-!
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Fig. 7 Relationship between failure torque-engaged length

Fig. 8 Rupture of tapping screw
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Fig. 11 Relationship between screw failure torque and nominal
size
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