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SwanseaMetropolitan Universityis helping manufacturing industry to acquire innovative hig
technology. TheJniversity has established itself in providing a local research and developm
resource to support companies in product and process development. Althsughtiative was

originally intended to support the automotive sector, it has preweactive to a much wider

spectrum of companies. A particularly successful example of this collaborative industrial researg¢h is
the relationship that has developed witlgh Torque Fastener Systems. Thmiversity provides

Finite Element Analysis and physical laboratory testing which underpins the development of their
sheet metal fastener system, enabling the company to break into new markets including ite
goods, domdg appliances and information technology in addition to high profile automoti
applications. Customers involved in previous development which are now in production incl@igle

Land Rover, Panasonic, Ford, and Caterpillar. The table below shows a rangehof ¢tigue
thread diameters that have been tested for a given material gauge.

Material Thickness | Thread Diameters
0.50.6mm ?3.0 to @4.0
0.7-0.8mm ?3.5 to 6.0
0.91.0mm ?4.0 to ¥8.0
1.1-1.2mm @?5.0 to ©6.0
1.51.6mm 6.0 to @8.0
1.92.0mm ?8.0 to @D.0

The fastener material used for all tests was BS3111/9/2 (Boron), Heat Treatment harden & tefiper
grade 8.8. The sheet material containing the High Torque helix form used was Bright Cold R
Mild Steel BS EN 10140 1997. This is consistent withefasrs and sheet metal material being use
out in the field by customers of High Torque Fastener Systems. A number of tests have
conducted on samples of the High Torque Fastener System product, with a view to assessi
performance of the fasten@nt under specific conditions.

Thisreportcontains the following tests which have been carried out to date:

Pull-out Load
Torque Investigation
Static Clamp Load
Vibration Testing
Environmental Testing
Finite Element Analysis
Electical Continuity

~N OO~ WN PR

In addition to the test conducted at Swarde#ropolitan Universitythisreportcontains a section
at the rear showing various testing which has been completed by High Torque Fastener Syste
customers.
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To determine the pull out loddat the High Torque Faster@ystems product can withstand.

Test Procedure

Various size ampleplates and fastenewgere tested using the Hounsfield tensile testing machin
and acustomdesignedholding jig. As shown below (Figure 1) a 40mm square sangbhte was
inserted into the retaining block and held in position via the retaining plate, the correspon
fastener for the sample plate was inserted into the holder and held in position.

The assembly was inserted into the Hounsfield testing machthéedd in position via retaining
pins; force was applied along the centre axis of the fastener until the fastener or formed
deformed, with the results recordé&@. samplesveretested for each siaariation

Head of fastener
clampedn holder
by end plug.

Screw hread engaeg into
formed helixof 40mm square
sample plate.

Force applied along

axis of fastener

Figure 1i Hounsfiel tensile testing machine and test jig.

Results
. . Newtons Lbs Force
Thickness) Diameter Min. | Max. | Mean | SD Min. | Max. | Mean | SD
05/0.6 3 420 513 455 23.1 94 115 102 5.2
4 827 1112 933 54.5 186 250 210 12.3
0.7/0.8 5 1017 | 1121 | 1075 21.5 229 252 242 4.8
6 983 1277 | 1078 48.8 221 287 242 10.9
4 1000 | 1166 | 1100 35 225 262 247 7.9
5 1491 | 1804 | 1647 63.4 335 406 370 14.3
09710 6 2108 | 2182 | 2134 19.3 474 491 480 4.3
8 3124 | 3356 | 3232 55.8 702 754 709 12.5
11/12 5 1899 | 2323 | 2193 87.2 427 522 493 19.6
6 3012 | 3362 | 3156 85.9 677 756 709 19.3
6 3860 | 5218 | 4503 300 868 1173 | 1012 67
15716 8 4659 | 7094 | 6141 590 1047 | 1595 | 1381 | 132.7
8 9057 | 10015 | 9648 240 2036 | 2251 | 2168 54
19720 10 13509 | 13952 | 13750 | 117 3037 | 3137 | 3091 26.4

Table 1Pull Out test results
Table 1 summarises the pull out load reswlist h t he f orce measur ed
Force.
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Table 2 below shows the standard deviation for all 50 samples tested for each size. The stapdard
deviation is a useful value; bersse we can say that statistically, there is a 99.7% probability of t
pull-failure occurring within 3 standard deviations of the mean value i.e. 99.7% probability j@f
failure occurring within the range, mean 36.

Mean +/- 3o
(Newtong
455 +£ 69
933 + 164
1075 + 64
1078 + 147
1100 +# 104
1647 +£ 190
2134 +/ 58
3232 +/ 167
2193 + 261
3156 +# 258
4503 +# 900
6141 +£ 1770
9648 + 720
10 13750 + 351

Table 2Pull-Out probability

Thickness| Diameter

0.5/0.6

0.7/0.8

09/10

11/1.2

15/16

oo |ojo|fo|o|jg|~(fOO|lO MW

1.9/20

The failure mode in all cases appeared to be the deformation of the helical form in thagtp&ate
point of contact with the screw thread. It wagewthat the load would rise until the initial point of
failure, which was accompanied by a sudden drop in load as the screw thread pulled free of th
plate.

However, for some sizes the load woalghinrise as the threaof the fastenemade a second pdin

of contact with thdormed helix in the samplglate until, once again, the screw thread pulled clear.
Clearly it is this first failure point for which the loads above have been reported, since it is
considered thahis point constitutes failure.

Conclusions

During testingt was noted that the amount of force required to pull the fastener through the formed
helix was higher than expected. This investigation into has concluded that with the varying am@unt
of material that is displaced from the extertminternal points of the helix causes the force to b
dissipated at varying degrees around its parameter giving a larger supporting area. Ufllike
conventional nut inserts where the supporting material is spread evenly around the fastenefiaxis
resulting ina substantially reduced supporting area.
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2. Torgue Investigation

Test Procedure
As shown in figure 1 below, a 40mm square plate wittHigl Torque helix formed in the centre

was clamped horizontally in a vice; a washer (minimum thickness matching the sample plate)

To determine the rotational torque characteristics of each variation of the High Torque Fast
Systems formed helix and mating fastener.

SWANSEA METROPOLITAN UNIVERSITY
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inserted onto the fastener, prior to the fastener being engaged into the sample plate, stoppingithe
head of the fastenerdm coming into contact with the rear of the square plate during the test.

The matching fastener (heat treated to grade 8.8) was engaged into the formed helix and tight

using a protedial torque wrench equipped with slave pointer to record the maxitorgque level

when tightened. In each batch of samples tested, the maximum torque reached was recorded

50 samples tested for each size.

Figure 1Destructive tightening torque setup

Sample plate

Enlarged view of sample plate and fastener
assembly, being held during testing operatio

Results
) . Newton / Meters (Nm) Lbs ft Lbs in
Thickness | Diameter , ) .

Min Max | Mean | SD Min Max | Mean | SD Min Max | Mean | SD
35 1.9 2.4 2.16 | 0.15 1.4 1.77 | 1.60 | 0.11 | 16.82| 21.24| 19.15| 1.32
0.7/0.8 4 2.2 3 253 0.17 | 162 221 186 0.12 | 19.47 26.55 22.36 1.46
5 2.4 3.4 294 : 024 | 177 251 217 0.18 | 21.24 30.09: 26.06 2.15
6 3.8 6.2 443 | 046 | 2.80 | 457 | 3.27 | 0.34 | 33.63| 54.87| 39.23| 4.10
4 2.5 3.4 293 025 | 184 251 216  0.19 | 22.13; 30.09: 25.93 2.25
0.9/1.0 5 3 4.6 391 | 029 | 221 | 339 | 288 | 0.21 | 26.55| 40.71| 34.59| 2.58
6 6.1 8.2 710 04 4.5 6.05 : 524 0.30 | 53.99 72.58: 62.84 3.54
8 8.9 102 | 968 026 | 656 752 7.14 | 0.19 | 76.77 90.28; 85.71 | 2.26
11/1.2 6 4.5 6.2 560 0.34 | 3.32 457 413  0.25 | 39.83 54.87 49.53 2.99
6 8.75 115 10 071 | 645 848 7.43 @ 052 | 77.44:101.78 89.22 6.27
15716 8 15 195  16.95 0.90 | 11.06  14.38: 12.50 0.67 |132.76 172.59 150.02. 8.01
1.6/2.0 8 25.5 29 | 27.46| 0.71 | 18.81| 21.39| 20.25| 0.52 |225.69| 256.67| 243.02| 6.29
10 38 39 | 38.62; 0.46 | 28.03 28.76 28.48: 0.34 |336.33 345.18 341.82 4.10

Table 1 Torque to failure results

Table 1 summarisedl dhe destructive tightening torque results for the sizes tested. In all cases
mode of failure was the deformation of the platé e las tlxednaterial was pulled inwards by the

tightening of the fastener.
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Table 2 shows the standard deviation foéi58l samples tested for each size. The standard deviati

is a useful value; because we can then say that statistically, there is a 99.7% probability he
failure occurring within 3 standard deviations of the mean value i.e. 99.7% probability of fall
occurring within the range, mean 86.

Mean +/- 3¢
(Nm)
2.16 +£ 0.45
2.53 +£0.51
2.94 +£0.72
4.43 +/1.38
2.93 +£0.75
3.91 +£ 0.97
7.10 +£1.20
9.68 +£ 0.78
5.60 +£ 1.02
10 +£2.13
16.9 +£ 2.7
27.5 +£2.13
10 38.6 +/1.38

Table 2 Destructive torque probability table

Thickness Diameter

w
o

0.7/0.8

09/1.0

11/1.2

15/1.6

[ccl NecRNe B Ne)N Noc RN )RNS) RN o) IR 6) BN

1.9/20

Conclusions

When compared to existing fastening designs which incorporate a single thread engagement (SMS
I sheet metal screws etc.), the characteristics of High Torque Fastener Systems design has fihajor
benefits.

The controlled forming operation of High Torque Fastener Systems helix allows the formed shget
material to accurately match the profile of the cordhef fastener giving improved engagement
properties between the two halves of the assembly (sheet material and fastener), resulting in Righer
than expected torque values.
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To determine the clamp load characteristics of each variation of High Torque F&&ystemns
formed helix and mating fastener.

Test Procedure

Each sample was assembled with a 40mm square plate clamped horizontally and an Interface F@rce
Measurements LW1525 load washer inserted between the plate and the screw head. The screwivas
tightenal to a value of 90% of the minimum failure torque and observations were taken over
period of 24 hours at approximately°’®2ambient temperature. Three values were recorded (initial
clamp load, load after 30 minutes and load after 24 hours) for the test.

— -- - ——— m‘\“‘?’? -

Figure 17 Clamp load setup.

12 samples were tested for each size; the purpose of this test is to look at any relaxation in fthe
assembly that may occur and not the maximum amount of clamp load that can be achieved.

Results

Newt ond g Lbs Force % Decrease

Thickness | Diameter | initial |30 Min| | 2% | Initial |30 Min| 24 | After | After
Load | Load Hour Load | Load Hour 30 24
Load Load | Mins | Hours

4 561 552 544 | 126.1 | 124.1| 122.4 1.6 3.0

0.7708 6 839 828 822 | 188.6| 186.2| 184.7| 1.3 2.1
4 685 672 659 | 153.9| 151.1| 148 1.8 3.8

09/1.0 5 822 808 799 | 184.8| 181.7| 179.7| 1.7 2.8
6 1388 | 1366 | 1343 | 312.1| 307.1| 302 1.6 3.2

1.1/1.2 6 850 829 808 | 191.0| 186.5| 181.7| 2.4 4.9
15/16 6 1767 | 1729 | 1708 | 397.2| 388.7| 383.9| 2.1 3.3
8 3256 | 3216 | 3176 | 731.9| 723 | 7139| 1.2 2.5

1.9/2.0 8 5368 | 5291 | 5295 | 1206.7| 1189.5/ 1190.4| 1.4 1.4

Table 1 Clamp load results

Table 1 summarises all the clamp load results. The clamp load showed a small initial decrease, [@nd
then settled down over the -Bdur period. Beyond this the decreas minimal due to the locking
effect in the fastener which arises from a relatively small deflection in the helical form.
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Conclusion

High Torque Fastener Systems design, once assembled and tightened to the required torque, ut
the minor deflecon of the helix into the thread core to achieve lock up and maintain joint integrity.
This minor deflection in the helix acts as a spring, allowing the system to minimise the amount
relaxation in the assembly over a given period of time, as shownlénltab

The results obtained during these testghe various panel sizeggessome way in highlighting the
integral characteristics within the High TorgBastener Systemgesign tomaintain clamp load
after being assembled.
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To determine theffects ofvibration onHigh Torque Fastener Systems formed helix and mating
fastener.

Test Equipment

The research programme betweBwanseaMetropolitan Universityand High Torque Fastener
Systems has been enhanced by the acquisition of a £30,000 Derrit@h BI€ctrodynamic
vibration test rig specifically brought into the materials laboratory for the testing of TS H
product.

This equipment tyes the capability of examining how the fastener behaves when subjected
various vibration conditions with thena of mimicking physical vibration conditions encountered
out in the fieldout underdaboratory conditions.

Initially the university has focused on Fixed Sine Vibration at a single frequency where th
vibration table will oscillate up and down at the sawte in the form of a sine wave. Beyond this
the equipment also has the capability of performing Swept Sine Vibration and Random Vibrati
where varying frequencies between 0.1Hz and 6553Hz can be used in 0.1Hz increments. It can g@lso
be used to test morpexcific situations.

Derritron TW1500 Amplifier

Primarily designed as direct couplé
matchng drive sources for Derritrof
electromagnetic vibrators, these amplifig
give high efficiency operation over a wig
frequency range.

Derritron VP30 Vibrator

Derritron vibrators are designed ff
continuous operation under sine, rand
noise and shock odlitions.

Swept Sine Controller
PSC programmable swept sine controller
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Fastener Specification

A number oftest sections similar in design, with a range of bends and Hialis beemused during
these testsEach of the panels has the High Torque helix formed in differentigrasallowing for
variations in the vibration trialThe fasteners used during tests areduction supplied parts and
drawings of both fastengand test panels are shown below.
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