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Abstract

Almost every complex engineering product
uses threaded fasteners. Their major
advantage over other joining methods is their
ease of assembly and disassembly. SEGNUT
Pty Ltd has an innovative self-named
threaded nut which specialises in ease of
disassembly. Their product prevents threaded
fasteners from becoming seized from
corrosion, thread damage, stripping or galling.

The most conventional method of tightening
threaded fasteners remains the ‘torque
method’, whereby the nut or bolt head is
rotated until a predetermined torque is
reached. Unless a direct tension indicating
technology is used, there is no way to tell if the
applied torque has produced the desired
tension in the joint. The discrepancies in
tension come from variations in friction at both
the thread and bearing surface. For novel
designs such as the Segnut, further analysis is
required to investigate the parameters
influencing friction.

This experimental study uses modified
conventional nuts to investigate the bearing
surface friction torque produced when the
nut-washer interface average stress and
distribution of stress is varied for nuts of
different hardness’ and surface
characteristics. This study found that a
reduced bearing surface outside diameter
increased the variation in friction such that it is
not recommended to use them in
unlubricated conditions. Increasing hardness
produced benefits in both the magnitude of
friction and its consistency. And evening out
the load distribution at the bearing surface
had little effect on the friction.



Table of Contents 5.1 Practical Applications............cuu...... 26

Acknowledgements......ccceceecireneeecenesieeieens 2 5.2  DesignInsight..ccccciiineicceeinesieienen, 26
ADSITACT e 3 5.3  Field of Nut Tribology ......ccccveveeveveeeanee. 26
LiST Of FIQUIES..ueeeeieieeieeteeesetee et 5 54 FUTUIE WOIK oo 26
1. INTFOAUCHION o 6 REFEIENCES ..euiereeriieeirete e 27

1.1 Threaded Fastener Background......... 6 APPENIX . 28

1.2, NUTSEIZUME o, 6

1.3, SEONUT i 7

1.4, MOTIVAHON oo, 7
2.0 Literature Review ......ccccvvvinececnnne 8

2.1 Fastener Standards.......ccveveeeeeneneneenens 8

2.2 Bearing Surface, Thread Friction and

K-VAlUe ..o 8

2.3  Adhesive Wear......cocveveeceeneneneeneens 9

2.4 Load Distribution.......ccceeeeeeeeenieneennne. 10

2.5 Coatings and Lubrication ................. 11

2.6 Speed, Temperature and Distance. 11

2.7  Surface Finish, Roughness and

TEXTUNNG eeiiiieeeeeeeeeeee e 11

3.0 Experimental Design........cccceeevveneee. 12

3.1 Test Variables.......cenenecnnencecenn 12

3.2 ObJECHVES oottt 14

3.3 Response Variable........ceevuveeenenneee. 14

3.4 Design of Experiment ......cccccceeveenenee. 14

3.5 Apparatus and Test ......coveeeevieeeeenns 14

3.6 Calibration......ennnincnecnenn 17
4.0 Results and DiSCUSSION .....ceceeverereenienieneennnes 18

4.1 Sample Visual Inspection .................. 18

4.2  Data Validation........eeecenenennenne, 18

4.3  Mean Effects .. 18

4.4  Interaction Effects.....cccececenvnennenne. 22

4.5 Box - Cox Transformation................... 22

4.6  Analysis of Variance .......cooveenneene. 23

4.7  High vs Low Friction.......cccccceeveieennnn. 24

4.8  Centre POINtS.....ccccecvineevcnencneceenn 25

Zi ANV 0 ol a ol | V2SS 26
5.0 Recommendations......c.cccceveveeeecenenn 26



List of Figures

Figure 1 Seized NUTS .....coiiiieciieieeeeeece 6
Figure 2 Cutting Edge Blade Replacement..... 7
Figure 3 Segnut IMAgES.....cecvevveeceeieeeeeee 7
Figure 4 AS1112.1 Dimensions Side! ................... 8
Figure 5 AS1112.1 DImensions TOP ....ccceeveeneeee. 8

Figure 6 Compression Thread Distribution ...... 10
Figure 7 Tension Thread Distribution (Miller,

TP83) ettt 11
Figure 8 Reduced Bearing OD Test Sample... 12
Figure 9 Class 10 Test Sample ....ccoeeeevveieennnne 12
Figure 10 Segnut Surface Discontinuities ........ 13

Figure 11 Surface Discontinuities Test Sample 13
Figure 12 Uneven Thread Load Distribution

(Stanley Engineered Fastening, 2018)............. 13
Figure 13 Compression CONE ......cceeveeeveennene 13
Figure 14 Bearing Surface Load Distribution .. 13
Figure 15 Thread Cut-out Sample..................... 13
Figure 16 Test Joint Compression Cone.......... 14
Figure 17 Test Apparatus Section View........... 15
Figure 18 Full Apparatus Setup .....cccceeveeveennene 16
Figure 19 INSTroN ...ccvee e 17
Figure 20 Calibration Plate ......ccecvveveeeieecieenenne 17
Figure 21 Torque SENSOT ......cceeveeeeeveeieereeeneens 17
Figure 22 Standard Nut Tested .........ccceeueeeee 18

Figure 23 Assumed Pressure Distribution ......... 18


file:///C:/Users/Andrew/Documents/1THESIS/Andrew%20Parry%20Thesis%20Final.docx%23_Toc515357200

1. Infroduction

1.1. Threaded Fastener Background
The screw thread began standardisation in
Britain during the 1860's. Since then, many
innovations have been produced to alleviate
some of the shorfcomings present in the
traditional nut and bolt.

“Confrary to first impressions, the subject
[Fasteners] is one of the most interesting in the
entire field of mechanical design... the
number of innovations in the fastener field
over any period you might care to mention
has been tfremendous” (Richard G.Budynas,
2015).

The purpose of using threaded fasteners is to
create a non-permanent joint. Non-
permanent joints have applications in almost
every industry involving complex engineered
products. These non-permanent joints must
maintain their clamping integrity whilst
withstanding a variety of large, often
oscillating load conditions; even when
exposed to the vast array of this planets
harshest environments. With the conclusion of
each use, the fastener should still allow for
disassembly. This, however, is not always the
case.

The goal when tightening a threaded fastener

is fo develop a desired stretch (tension) in the
bolt. This results in the desired compression in
the joint, allowing it to take the design load
condifions. Shear load is faken by the
clamping friction between the joint surfaces
and axial load is shared by both the bolt and
joint depending on the relative stiffness’
(Richard G.Budynas, 2015). Thus, the loading
capacity of the joint is directly related to the

bolt tension. The most conventional method of

achieving this tension is via the ‘torque
method’, whereby the nut (or bolt head) is
rotated until a predetermined torque is
reached. The issue with this method is that
torque is measured and noft tension, and thus
the actual tension is unknown.

Large Discrepancies in fension come from
variations in friction at both the thread and

the nut — washer interface (bearing surface).
Ideally, this friction would be low and very
consistent, preventing adhesive wear (galling)
and ensuring that the applied torque results in
the desired tension.

There are four main challenges that most
innovative products within the industry aim to
solve;

- Self-Loosening

- Unknown Tension

- Thread Load Distribution

- Nut Seizure

It appears paradoxical that two common
failure modes of a threaded fasteners are self-
loosening and nut seizure (the inability to
loosen). However, nut seizure effects many
different industries and their maintenance
practices around the world.

1.2. Nut Seizure
A universal definition is difficult to find;
however a nut can be considered seized if the
fools used for its assembly are insufficient for ifs
disassembly. A nut can also be considered
seized if the torque required for removal results
in thread stripping or snapping of the bolt.

Figure 1 Seized Nuts



Figure 2 Cutting Edge Blade Replacement

An industry effected by seized nuts is that of
the resources industry, shown above, where
it's common practice in to remove nuts with
an oxy cutter on ground engaging
equipment. This increases downtime, reduces
safety, and often damages the joint.

1.3. Segnut
The Segnut is a West Australian, Mandurah
based innovation that was dreamt up on a
long drive by inventor Brian Bradshaw. The
Segnut avoids nut seizure by circumventing
the thread. Removal of a Segnut does not
involve rotation back up the thread. Instead,
upon rotation of the outer sleeve, the inner
segments move radially away from the
thread, such that the nut pieces can then be
slid off the bolt by hand.

1.4. Motivation
The Segnut has three inner threaded segments
and an outer sleeve; as a result, it’s
significantly larger than a conventional nut.
Any reduction in the bearing surface outside
diameter of the Segnut would reduce its
overall size. This would reduce weight, cost,
and increase its ability to suit applications with
tight packaging. This reduction however
would not be supported by international
fastener standards and thus requires thorough
investigation and testing.

Figure 3 Segnut Images



2.0 Literature Review

2.1 Fastener Standards
The Segnut has various features that can be
found on, or provide the same function as, a
conventional nut. To increase product
confidence, minimise risk, and reduce
unnecessary design work, the relevant
standards are consulted for these features.
More specifically, these standards outline
minimum and maximum quantities for a range
of parameters, as well as (in most cases) the
design principles used to develop those
constraints.

For nuts, the relevant international standards
are; ISO 898-2 (Mechanical Properties), ISO
4032 (Geometry) (same as AS1112.1in
Australia), ISO 16224 (Design Principles) and
ISO 16047 (Torque — Tension Testing).

For features dissimilar to a conventional nut,
the design is conducted from first principles,
determining internal, product specific
constraints. The bearing surface is a common
feature between the Segnut and a
conventional nut. However, the design
principles for the bearing surface are not
provided in ISO 16224 “Technical Aspects of
Nut Design”. Thus, there’s no explanation as to
how the minimum allowable bearing surface
area was determined. Refer to figures 4 and 5.
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Figure 4 AS1112.1 Dimensions Side'

Referring to AS1112.1, the maximum outer
diameter and minimum internal diameter are
specified as Dw and Da, respectively.
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Figure 5 AS1112.1 Dimensions Top

It's reasonable to assume that the outside
diameter of the bearing surface is largely
influenced by the across flats “s” size of the
nut. Referring to the image above, the
nominal bearing surface outside diameter
(OD) is the same size as the across flats.
However, the across flats of a conventional
nut is designed in conjunction with the
‘effective nut height’ to provide sufficient ‘nut
dilation resistance’. This nut dilation resistance
ensures the desirable ‘bolt breaking’ failure
mode, rather than ‘bolt thread stripping’ or,
even less desirable, ‘nut thread stripping’. Bolt
breaking is the desired failure mode as this is
quicker and easier to detect, enabling fast
corrective action. Therefore, the nominal
bearing surface OD is influenced by the
required nut dilation stiffness.

The Segnut’s dilation stiffness is provided by
the outer sleeve geometry, whilst the bearing
surface is defined by the inner segment
geometry. Thus, the Segnut bearing surface is
essentially decoupled from the required nut
dilation resistance, enabling a degree of
design freedom.

2.2 Bearing Surface, Thread Friction
and K-Value

As previously mentfioned, the most
conventional method of tightening threaded
fasteners is via the ‘Torque Method’, and this
torque stretches (tensions) the bolt according
to the thread and bearing surface friction. The
combined effect of the thread and bearing
surface friction is summarised in the K-Value;
an experimentally derived dimensionless



coefficient used to calculate Torque and
Tension as shown in the equation below. Note,
an increase in thread and bearing surface
friction results in an increase in K-Value, and
thus a reduced tension from the same applied
torque. This is problematic if the calculated K-
Value differs greatly from the actual K-Value,
as this results in bolts at the wrong tension and
consequential joint failures.

T = kFd
T : Torque (Nm)
k : K-Value
F : Tension (N)
d : Thread Nominal Diameter (m)

(ISO 16047, 2005)

It should be noted that there are direct
tensioning methods, resulting in significantly
increased accuracy, however these are
generally complicated and expensive for
most applications - hydraulic tensioning is the
most common.

There has been extensive research, both
numerically and experimentally, into
determining the effective radius of friction
torque under nuts and bolt heads. This radius is
a contentious issue as not only does the
pressure distribution on the bearing surface
depend on the thread load distribution, the
sliding speed is also different as you move
radially across the surface. To solve this issue,
Nassar et al. (2005), created four different
scenarios of contact pressure distribution and
subsequent equations to determine the
effective radius for each. The distributions
were; uniform, sinusoidal, exponentially
decreasing, and linearly decreasing. The
standard (ISO 16027) method of determining
effective radius is by assuming a uniform
distribution and using the mean radius
between the inside diameter (ID) and the OD,
refer to the following equation. This was later
found to be sufficiently accurate if “the ratio
of the maximum to minimum bearing radius is
relatively small” by Gong et al (2016) in their
numerical study.

Ty

M= 0.5D,F

D,+d,
b= 2
u, : Bearing Surface Friction Coefficient

T, : Bearing Surface Friction Torque
D, : Effective Diameter

F :Tension

o - Bearing Surface OD

d, : Bearing Surface ID

(ISO 16047, 2005)

It has been found that statically analysing
bolted joint connections significantly
underestimates the stresses involved during
tightening. During a numerical study (Paul
Copeland, 2006), the von mises stress on the
bearing surface was found to be 613Mpa for
their dynamic model and only 211Mpa for
their static model, stating that the large
difference was due to the rotational shear
forces produced in the dynamic model.

2.3 Adhesive Wear
There are five types of wear; Abrasive, Erosive,
Adhesive, Corrosive, and Fatigue. Adhesive
wear is of the most concern due to its
common occurrence in the fastener industry
and the drastic effect it has on the friction
coefficient of surface contacts.

Adhesive wear is a very serious form of wear
characterized by high wear rates and
unstable friction coefficient. Sliding contacts
can be rapidly destroyed and sliding motion
may be prevented by very large coefficients
of friction and seizure (Stachowiak, 2014).
Adhesive wear is common in fastener
applications and is often referred to as
‘galling’. Adhesion is not observed on objects
casually placed together due to the Earth’s
atmosphere and terrestrial organic matter
providing layers of surface contaminant such
as oxygen, water, and oil. The first
experimental observations of adhesion were
under high vacuum conditions, showing a
completely different tribological behaviour of
common materials. All metals apart from



noble metals are covered by an oxide film
when present in unreacted form in an
oxidising atmosphere. This film can be only a
few nanometres thick however it prevents true
contact between metals and hinders
adhesion. With metals in contact with metals,
adhesion is found to be related to their
cohesive binding energy (Buckley, 1982). This
stfrong adhesion observed between metals
can be explained by electron transfer
between contacting surfaces. The electrons
are not bound by a rigid structure and
providing that the distance between two
bodies in contact is sufficiently small, less than
a nanometre, they can move from one body
to another (Stachowiak, 2014). As an
example, the coefficient of friction of clean
(no oxide layer) iron surfaces is very high, up to
u = 3. However, the simple theory of adhesion
fails to predict such high values, and the
phenomenon of ‘asperity junction growth' is
considered. Asperity junction growth is a
process that assumes very high normal loads
and involves frictional shear stress’ that
increase the asperity contact area, which
enables a larger tangential force to be
sustained. This tangential force and contact
area will grow until the maximum shear stress
(yield) of the material is reached. This
increases the friction coefficient, thus causing
a positive feedback loop that results in rapid
friction increase and seizure.

Bond strength at the interface is, with some
exceptions, stronger then the bond strength of
the cohesively weaker of the two materials.
The greatest adhesion occurs for a
combination of like materials, such as iron on
iron, however many other combinations of
unlike metals also show quite high adhesions
(Stachowiak, 2014). The ratio of adhesion
force to contact force can be very high,
around 20 in some cases, with the bonding
process occurring almost instantaneously. It
has been found experimentally that metals
with hexagonal close packed structure show
much less adhesion than other crystal
structures. High hardness, elastic moduli and
surface energy of the metal also suppress

adhesion. Alloys and composite materials are
usually superior to pure materials in terms of
adhesive wear resistance.

2.4 Load Distribution
The thread load distribution in a nut is non-
uniform; this could affect the load distribution
on the bearing surface. In fact, there have
been recent studies involving changing the
bearing surface contact area to even out
thread load distribution (Brutti, 2017). Brutti
recently tested washers with an increased
internal diameter and found that they
reduced the stiffness of the first engaged
threads, evening out the load distribution.

It's interesting to note that the distribution can
change for tension vs compression loading
conditfions. Below are graphs of spring models
developed in the 80's showing both tension
and compression thread load distributions
(Miller, 1983). The first graph represents the
conventional nut-bolf loading conditions and
shows the first threads taking most of the load.
The second graph is the tfurnbuckle (tension)
case and shows the first and last threads
taking the most load.
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Figure 6 Compression Thread Distribution
(Miller, 1983)
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Figure 7 Tension Thread Distribution (Miller, 1983)

2.5 Coatings and Lubrication
It is conventional practice during many
fastener installations to use an anti-seize
lubricant on the thread of the bolt. It's
application to the nut-washer interface is not
as usual and therefore the unlubricated
condifion is a common occurring worst-case
scenario. Silver Anti-Seize from Loctite is a
commonly used lubricant that contains
Graphite, Aluminium, petroleum hydrocarbons
and Calcium Oxide (Loctite Silver Grade Anti-
Seize Lubricant MSDS, 2003). It uses the
mechanism of solid lubrication and should be
used as a benchmark for any lubrication tests.

2.6 Speed, Temperature and Distance
The torque-tension relationship has been
experimentally proven to be affected by
tightening speed, as well as repeated
tightening and loosening (S.A. Nassar, 2007).
The effects of repeated tightening and
loosening are more significant at low
tightening speeds, less than 30 rom.

It's also been found that the tribological
properties of dry sliding surfaces are sensitive
to surface temperature (Zhang Yongzhen,
2008). In a numerical study involving high
tightening speeds and large rotation angles,
the potential for localised melting was
discovered (Nassar, 2008). This would have a
large effect on the rate of surface wear.

2.7 Surface Finish, Roughness and
Texturing

Many studies have been dedicated to the
effects of surface texturing on hydrodynamic
lubrication. It has been argued that, in cases
of full or mixed lubrication, the dimples on the
surfaces can act as micro-hydrodynamic
bearings as well as traps for wear debris
(Stachowiak, 2014). This could prove useful in
maintaining lubrication on the nut-washer
interface, as well as reducing friction change
caused by wear debris. Textures can be
produced by many different techniques such
as milling, shot blasting, photochemical
etching, or laser. The main problem with
texturing is finding the opfimum surface
texture, as the common approach is a so-
called ‘exhaustive search’, which is both
expensive and time consuming.

Real surfaces are difficult to define; however,
the surface roughness of components is
critical as it determines the ability of surfaces
to support load (Stachowiak, 2014). At least
two parameters are needed to describe
surface roughness, one describing a variation
in height and the other describing how height
varies in the plane of the surface (spatial
surface characteristics). Parameters
commonly describing Surface height
characteristics are the roughness average (Ra)
and the root mean square roughness (RMS or
‘Rg’). The averaging effect from ‘Rq’ better
describes the height of asperities. The second
parameter describing surface roughness is the
spaftial characteristic. It is described by several
statistical functions, one of which is the
autocorrelation function (ACF). It has been
found that at very high or very low values of
‘Rg’ only light loads can be supported, and
that intermediate values allow for much
higher loads. It is important that as
manufactured surface conditions are
preserved fo prevent any deviation in results
due to surface finish.



3.0 Experimental Design
3.1 Test Variables

Bearing Surface OD

As mentioned in the literature review, the
fastener standards don't provide the design
principles for the bearing surface area.
However, for an M20 nut, product grade A, B,
or C, AS1112.1 provides the minimum OD and
maximum ID as 27.7 mm and 21.6 mm
respectively (AS1112.1, 2015). This results in a
minimum bearing surface area of 236 mm;
which is coincidentally very close to the M20
coarse thread stress area of 245mm (ISO 898-
2, 1992). Intuitively, this makes sense as this
ensures that the average bearing surface
stress is always less than or equal fo the thread
stress. This theory however is conservative
when you factor in the hardness and,
therefore, strength difference between nuts
and bolfs.

The proof stress for an M20 Class 8 nut is
920Mpa atf 225.4kN, whereas for an equivalent
8.8 M20 bolt, the proof stress is 640Mpa at
147kN. This is to ensure bolt stripping failure
occurs before nut stripping; thus the nut
material is designed to be able to take a
higher stress. Accordingly, we can determine
the area that would result in the nut bearing
surface reaching proof stress at the same
tension as the bolt thread using the following
formula;

F
A= —
(o)

_ 147000
920

= 159.8 mm

Bearing Surface OD =~ 26mm

Thus, the minimum theoretical bearing surface
area would be 26mm. If this was reduced
further, the bearing surface would yield before
the bolt and increase the amount of non-
rotational self-loosening that occurs after
tensioning (Eccles, 2010); a concern which

although outside the scope of this study
should be kept in mind.

The first test variable is therefore reducing the
bearing surface OD from 28.5mm to 26mm.
This will increase the average stress and the
potential for adhesive wear, thus potentially
increasing friction force. It will also reduce the
effective radius about which the friction force
acts. As aresult, the friction torque will
comprise of a potentially increased force at a
reduced radius. Thus, providing that severe
adhesive wear is not present, the authors
hypothesis was that reducing the bearing
surface OD reduces the friction torque.

Figure 8 Reduced Bearing OD Test Sample

Hardness

Hardness testing is a convenient and non-
destructive means of estimating the strength
properties of materials (Richard G.Budynas,
2015). "Many experiments in the 1950's
showed that adhesive wear is directly
proportional to the distance fraversed and the
normal load, and inversely proportional to the
hardness of the softer material” (Zeng, 2013).
Hardness is therefore a desirable second test
variable. Increasing the hardness should help
offset any negative effects of increasing the
stress from reducing the bearing surface OD.
Nuts are conveniently classed in ferms of
hardness, thus both class 8 and 10 nuts will be
tested.

Figure 9 Class 10 Test Sample



Surface Discontinuities surface stress reaching proof stress at the

The Segnut bearing surface has three radial same tension are based on average stress. This
line surface discontinuities. These are a result means that the uneven bearing surface load
of the bearing surface being comprised of distribution could cause the innermost part to
three nut segments. To determine if this exceed proof stress, begin yielding, and
feature has any frictional effects, M20 sample initiate adhesive wear. This theory can be

nuts are wire cut to provide four 0.3mm line tested by removing the first three nut threads,
discontinuities. ensuring that the 30-degree compression

cone from the first engaged thread fully
encompasses the bearing surface.
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Figure 12 Uneven Thread Load Distribution
(Stanley Engineered Fastening, 2018)
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Figure 13 Compression Cone
(Richard G.Budynas, 2015)
E

Figure 11 Surface Discontinuities Test Sample

Thread Cut-out

A conventional nut has an uneven thread
load distribution, most of the load is taken in
the first three threads. This load distribution
causes a stress raiser in the first thread,
negatively impacting the fatigue life of bolts,
refer to the figure 12.

3 Threads
Removed

The cone angle compression theory is used to
determine the stiffness of a joint under
compression, refer to figure 13. The cone
angle represents the cross-sectional area of
material in compression, and for steel is
assumed to be 30 degrees. Figure 15 Thread Cut-out Sample

When this theory is applied to the uneven
thread load distribution, an uneven bearing
surface load distribution can be visualised,
refer to figure 14. This is significant because the
calculations made in the Bearing Surface OD
section about both thread and bearing



3.2 Objectives
1. Do the test variables correlate with an
increase or decrease in friction torque?

2. Do the test variables change the
consistency of friction?

3.3 Response Variable
The test response variable is the friction torque
generated during tightening at 75% proof
load of an 8.8 M20 Bolt (ISO 16047, 2005). This
corresponds with approximately 110kN of
tension.

3.4 Design of Experiment
To simultaneously test all four variables for their
main effects as well as their interaction
effects, a 24 full factorial test is implemented.
This involves each variable having a high (+1)
and a low level (-1), and every possible
variable level combination being tested
randomly. For four variables this corresponds
to 16 tests, however one replication is
infroduced to obtain more information about
the variance of results. This replication also
allows for checking of the analysis assumptions
to ensure that there is ‘homogeneity of
variance’; or in other words, that the response
dispersion is uniform across the experimental
space (Full Factorial Example, 2018).

Five centre points (0) are used to check the
results for non-linearity as well as any potential
time dependency. Unfortunately, the only test
variable that is continuous and can have a
true centre value is the Bearing Surface OD.
Thus, this is the only variable for which
nonlinearity can be tested. It is set to 27.7 mm
to represent the minimum allowed by the
standards. The other test variables were set to
their lower levels.

To summarise there are 32 randomised tests,
with 5 equally spaced cenfre points, totalling
37 tests. A spare sample for each combination
of factors was manufactured in case any tests
needed to be repeated.

. Levels

Variable q 0 |
Bearing
Surface OD 285 mm | 27.7 mm | 26 mm
Hardness Class Class Class

8 8 10

surface None None 4
Discontinuities Lines
Thread None None 3
Cut-out Threads

3.5 Apparatus and Test

The testing apparatus is comprised of;

- Through-hole load cell fo measure
fension

- Strain gauges to measure bearing
surface friction torque,

- Torgue reaction arm fo house strain
gauges

- Thrust ball bearing to ensure all bearing
surface torque was sent to the strain
gauges

- Reaction stand to interface with strain
gauges and mount torque converter

- Mating surface with 21mm hole as per
fine series specified in ISO 16047,

- Mating Surface grooved and flame
hardened to prevent washer spinning,

- 260mm 12.9 Bolt, enabled the same
bolt to be reused,

- Plain Black M20 Washers

- Three Logitech USB webcams to
record testing

The Ball Bearings are
within the 30-degree
compression cone;
thus, any bending of
the mating surface
or unconventional
load distribution will
not occur from the
addition of the
bearing.

Figure 16 Test Joint Compression Cone
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Figure 17 Test Apparatus Section View

The test procedure involved cleaning each
sample and corresponding washer with
acetone to ensure unlubricated conditions at
the bearing surface. The nuts and washers
were supplied with a light oil, however the
coverage varied greatly between samples,
therefore removal of this oil was appropriate.
Good industry bolting practices always
lubricate the bolt threads, usually with an anti-
seize product, however the bearing surface is
often still neglected. This is surprising
considering that the bearing surface
contributes more friction than the thread (Q.
Zou, 2005). Thus, it is desirable to test these
variables in the worst-case-scenario. To
enable the reuse of the bolt between tests,
anti-seize was applied to the bolt threads and
great care was taken to ensure that this did

not contfaminate the bearing surface during
assembly.

In order for all of the bearing surface torque to
be transmitted to the strain gauges, the
washer must be fixed rotationally relative to
the torque arm. Preliminary test runs involved
machining flats on each washer and a slot on
the mating surface for the washer to sit in,
these were successful however time
consuming and could potentially affect the
results due to modification of the washer.
Instead, radial grooves were cut into the
mating surface, which produces a similar
principle fo that of a Nordlock washer.
However, for this to be effective the mating
surface must be harder than the washer to
ensure that the washer embeds into the



grooves (and doesn’t just flatten them). This
was achieved by flame hardening the surface
and applying a ‘Cherry Red’ hardening
compound. The washer and mating surface
were marked at the start of each test, and
then checked for rotation whilst under full
tension.

A 25:1 torque converter is used to aid in the
hand tightening of all tested samples. The
speed of tightening is not conftrolled during
testing, and due to the strain gauge displays
intermittently turning themselves off, the
tightening was also non-continuous. Refer to
Figure 18. This can potentially increase the
friction and wear due to 'stick-slip’, as static
friction is larger than sliding friction.

Figure 18 Full Apparatus Sefup
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3.6 Calibration
Two calibration tests were conducted to
provide confidence in the test results; one for
the load cell, and another for the strain
gauges.

The load cell was taken to the UWA Civil and
Mechanical Engineering building on 7t May
to be tested on their 100kN Instron machine.
The display was found to show loads that were
significantly different to that applied, however
the results showed great linearity, refer to the
graph below. A linear fit was found, and the
equation used to determine the ‘actual’ force
being applied to the load cell.

A Calibration plate was machined up such
that a 34" drive torque sensor could be directly
fitted into the torque arm. This enabled a
known torque to be applied to the strain
gauges. Multiple increasing and decreasing
torques were applied by hand and recorded
on camera. The resulting data was linear and
appeared to have minimal offset, refer to the
graph below.

Figure 19 Instron

Figure 20 Calibration Plate

Figure 21 Torque Sensor
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4.0 Results and Discussion

4.1 Sample Visual Inspection
Upon visual inspection of the samples, it can
be immediately distinguished that the outer
diameter of the bearing surface suffers the
most coating removal and adhesive wear
(refer to Figure 22). This is at odds with the
initial assumption that the peak stress is at the
innermost part of the bearing surface and that
this would cause any wear or coating removal
to localise there. The resulting wear pattern
however could be attributed to the 32%
increase in sliding distance at the bearing
surface OD relative to the bearing surface ID
as adhesive wear has been shown to be
directly proportional to distance traversed
(Zeng, 2013)

Even some unmodified nuts showed galling,
emphasising the large variations in friction
associated with unlubricated sliding contact.

Figure 22 Standard Nut Tested

Figure 23 Assumed Pressure Distribution
(Use of Washers and Flange Heads, 2018)

4.2 Data Validation
The run sequence and lag plots are used to
determine if the results show any time
dependency.

The red data points in the Run Sequence Plot
represent the centre points, they show a slight
downward time dependency, however the
overall test results appear flat as desired. Both
plots appear sufficiently noisy.

The Normal Distribution Plot shows some non-
normality. Conducting an Anderson-Darling
normality test, the P-Value is 0.0231, this is
below 0.05 and thus the null hypothesis is
rejected. Therefore, the data is not sufficiently
normal. This will need to be addressed before
a theoretical model can be constructed.

The Friction tforque histogram appears to be
right skewed. This is most likely due to the
nature of galling; such that significantly higher
friction is more likely to result than very low
friction.

4.3 Mean Effects
The mean effects plot compares all the tests
that occurred with one variable in its low level
against all of the other tests that occurred with
the same variable at its high level. For
example, the bearing surface OD mean
effects plof, shown in red, averages all the 16
tests that were conducted with 28.5mm nuts
and compares them with the other 16 tests
that were conducted with 26mm nuts. This
excludes any interaction effects and
determines if the factor alone is significant
enough to affect the average of all the tests.

Referring to the plots, it should be noted that
the graph’s y axis is fruncated and starts at
190Nm, which is slightly below the lowest test
result, which was 192Nm. For context, the
highest result was 376Nm, which is almost
double the minimum.
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The Bearing Surface OD does not appear to
significantly change the bearing surface
friction torque, only increasing the torque by a
minor amount. The hardness however appears
to have the biggest effect, resulting in a
reduction in friction for increased hardness, as
per the literature. The surface disconfinuities
plot shows a small increase in friction tforque,
and the thread cut-out showed an
insignificant reduction.

The box and whisker plots of the mean effects
display any changes in friction consistency.
The Bearing Surface OD box plot shows a
significant increase in spread and thus a
reduction in friction consistency. This is
confirmed by an undesirable 23% increase in
the standard deviation for the reduced
bearing surface. The hardness box plot shows
a decrease in spread however there appears
to be a significant data point not contained
within the box and whiskers. The surface
discontinuities box plot shows a slight
decrease in spread, interestingly this appears
to have come from a lack of low friction
results. The Thread cut-out box plot shows a
decrease in quantile size but an increase in
whisker size. The standard deviation however
remained the same.

4.4 Interaction Effects
The interaction effects plofs ideally show any
specific effects that occur between two
variables. Parallel lines show no interaction.
This leaves the three graphs; Bearing OD vs
Hardness, Hardness vs Surface Disconfinuities,
and Hardness vs Thread Cut-out as the only
interactions which demonstrate any significant
effects. Therefore, not only is Hardness the
most significant mean effect but it is also
involved in all three of the interaction effects.

The Bearing Surface OD vs Hardness plot is
quite interesting as it illustrates that reducing
the OD has two different effects depending
on hardness. The ‘soft’ class 8 nuts increase in
friction torque when their bearing surface is
reduced; conversely the harder class 10 nuts
slightly reduce in friction torque. The reduction
in torque can be explained by the reduced

radius in the absence of adhesive wear.
Whereas the increase in torque can be due to
the increased susceptibility to adhesive wear,
and the resulting drastic increase in friction.

The Hardness vs Surface Discontinuities plot
shows that the friction reducing effects of
increasing hardness are decreased by the
presence of surface discontinuities. This was
an unexpected result and should be
investigated further.

The Hardness vs Thread Cut-out plot showed
that the thread cut-outs slightly reduced the
friction torque for the ‘soft’ class 8 nuts but
had less of an effect on the harder class 10
nuts. The evening out of the stress distribution
should have helped reduce the peak stress
and thus the initiation of galling, which
explains the result for class 8 nuts. The class 10
nuts are most likely less effected by the peak
stress due to their increased strength and thus
less effected by the thread Cut-out. However,
it should be noted that the nut wear patterns
cause this theory to be questioned as the
‘peak stress’ location was not the location of
wear for any of the samples.

4.5 Box — Cox Transformation
As mentioned previously, the normal
probability distribution shows that the data
contains significant non-normality and the
histogram shows some skewness. An analysis
of variance and the construction of a
theoretical model requires that the data
sufficiently represents a normal distribution
(Box-Cox Normality Plot, 2018). To test the
response variable's normality, an Anderson-
Darling Normality Test is conducted. The
resulting P-Value is 0.0231, which is less than
0.05 and thus the null hypothesis that the data
is normal is rejected.

To obtain a normal distribution, the response
variable data must be fransformed. This is
done using the Box-Cox transformation;

T(Y) = E



The data is fransformed for various y values - No Mulficollinearity
ranging between -5 and 5, and each is tested

for normality. The resulting P-Values are This testing measures the reaction torque
plotted in a Box — Cox Normality Plot to continuously and has been normalised using a
determine the optimum value for gamma. Box-Cox transformation. Multicollinearity will
Referring to the normality ploft, (-1.5) or (-2) not be a problem since each variable is very
values of gamma appear to result in the independent. Homoscedasticity however, also
highest normality. The data was transformed referred to as homogeneity of variance,

using (-1.5). The resulting P-Value was 0.569, assumes that the variance of error is constant
which is greater than 0.05, and thus the null between variables.

hypothesis for normality could be accepted.

Anderson-Darling P Value

Box-Cox Normality Plot Transformed Normal
0.7 Distribution Plot
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The opposite is heteroscedasticity, which is the
4.6 Analysis of Variance presence of conditional variance, whereby
An analysis of variance, also referred to as an fhe variance of a random variable is driven by
ANOVA, was conducted using a free trial of fhe values of one or other variables.
IBM SPSS. Conducting an ANOVA allows the .
statistical significance of each mean and The normalised data was tested for
interaction effect to be quantified. It also heteroscedasticity using the SPSS software. The
conducts the multilinear regression required to datfa failed Levene's Test and Whife's Test, but
develop a theoretical model. There are four passed the Breusch-Pagan Test and the F Test.
main types of ANOVA, one-way, two-way, Further transformations are required to reduce
MANOVA, and Factorial ANOVA. Since this the heteroscedasticity of the data and this
test has more than two independent variables was found to be outside the scope of the
and only one dependent variable, a Factorial project. Thus, the ANOVA may not be able to
ANOVA is conducted. build a theoretical model but can still provide
The Factorial ANOVA contains multiple insight for investigating the significance of
assumptions (Statistics Solutions, 2018); each effect. The ANOVA outputs the Partial
- Continuous Dependent Variable, Eta Squared for each effect. This is the
- Normality proportion of variance accounted for by that

- Homoscedasticity effect (SPSS Tutorials, 2018).
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The ANOVA Pareto plot displays the most
significant effects. As expected, the Hardness
has the largest influence on the bearing
surface friction torque. Unexpected however,
is that a three-way interaction is the second
largest influence — and it doesn’t involve
hardness. This was not foreseen as only two-
way inferactions were graphed. The previously
discussed two-way effects are also at the
significant end of the pareto ploft.

The Thread Cut-out and Bearing Surface OD
isolated effects can be safely ignored, whilst
the Surface Discontinuities might require
further investigation, contributing
approximately 7%.
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4.7 High vs Low Friction
It should be noted that the factorial analysis is
concerned with one specific data point from
each test, 75% proof as per ISO 16047.
However, it's of interest to investigate the
entire fightening process. The following graph
shows the torque-tension from the beginning
to M20 8.8 proof load (147kN) for the highest
and lowest friction torque tests.

Interestingly, the lowest friction test appears to
follow a linear relationship while the two
highest friction tests both appear to be
nonlinear and potentially contain two linear
functions with an inflection point around 80-
90kN. This inflection point is assumed to be
where galling and adhesive wear began to
effect the friction. It should be noted that
these friction coefficients were already
significantly higher before the inflection point.
This contradicts the idea that most of friction
variation came from the onset of galling and
adhesive wear.
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4.8 Centre Points Bearing OD vs
The centre points were used previously to Hardness
ensure that no extraneous effects had caused (WITh CP)
time dependency in the data. However, the
centre points can also be used to determine if ®—Class8 -©-Class 10
any nonlinearity exists in the variables.
Unfortunately, the centre points only 340
represented a tfrue centre point for the
Bearing Surface OD, and thus it is the only 290
factor that can be tested. Referring to the
graph on the right, the Bearing Surface OD 240
appears to have some nonlinearity, with the
centrepoint having the lowest friction torque. 190 26 mm 27.7mm  28.5 mm
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4.9 Summary

The objectives were to determine if and how
each variable affects bearing surface friction
torque.

Bearing Surface OD: Reduced consistency of
friction torque, negligible change in
magnitude, however a potential nonlinear
relationship exists.

Hardness: Significant reduction of friction
torque as well as an increased consistency,
both positive outcomes. It was the most
significant factor.

Surface Discontinuities: Slight increase in
friction torque and an increase in consistency.
It has an interaction effect with hardness and
should be considered in future tests.

Thread Cut-out: Negligible change in friction
torque and consistency. Found insignificant in
the ANOVA.

5.0 Recommendations

5.1 Practical Applications
It's recommended that any nuts
manufactured with a reduced bearing
surface must not be installed unlubricated. The
increased scatter in friction torque will result in
undesirable scaftter in tension and an
increased chance of joint failure.

5.2 Design Insight
The hardness of the bearing surface should be
increased where possible, both reducing
friction and scatter. The bearing surface OD
should not be reduced if the application is
likely to result in unlubricated installation. This is
significant because it means that potentially
other avenues need to be investigated for
reducing the Segnut’s size.

The surface discontinuities slightly increase the
friction at the bearing surface and should be
minimised where possible. The even load
distribution on the bearing surface provided
by the thread cut-out did not affect the
friction torque. Any pursuits for even thread
load distribution should not be conducted
with bearing surface friction reduction goals in
mind.

53 Field of Nut Tribology
The wear pattern on the nuts differed
significantly from the theoretical stress
distribution. This could imply that the
theoreftical stress distribution is incorrect, or
that the distribution of stress is an insignificant
factor in bearing surface wear.

The plofts of friction torque vs tension show the
onset of galling and the rapid increase in
friction; however, they also show that the plots
start with a high friction. This begs the question
whether galling is occurring between the
asperities from the very beginning and the
friction increases sharply when the wear
becomes bulk deformation. Or whether it's
the high initial friction which causes coating
and oxidation layer removal, resulting in metal
on metal adhesive contact, and then the
resulting increase in friction. Either way, these
nonlinear characteristics were not present in
the low friction results that didn't show visible
signs of galling.

54 Future Work
Reduced bearing surface OD tests should be
conducted under varying lubricated and
coated conditfions. Surface disconfinuities
should also be tested as the minor negative
effects could be negated by the reduction in
overall friction.

If a specially coated nut with a reduced
bearing surface OD resulted in reduced
friction and increased consistency, when
compared to a conventional nut, that
product would much more viable. Also, a
coating solution is much safer as applying
lubrication can easily be forgotten.

Future tests should also involve varying the
properties of the washer, this testing used the
same washer throughout.
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MEAN EFFECTS AVERAGE SD
Bearing OD Negative 26494 431736
Bearing OD Positive 27161l 53.3129
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100
90 100
80
70 80
60 60
50 o_/e
40 40
20 20
10 28.5 mm 26 mm Class 8 Class 10
0 0

Bearing OD vs
Thread Cutout

—-8-None -©6-3 Threads
100

80
60

P

20

28.5mm 26 mm

0



Bearing Surface OD Interactions Effects with Centre Points

Bearing OD vs Bearing OD vs SD Bearing OD vs
Hardness (with CP) Thread Cutout
(With CP) —8-None -©-4Llines (with CP)
—0—Class 8 Class 10 -8-None -©-3 Threads
340
340 340
290
290 \ 290
240 240 o/'/. 240
190 190 190

Levene's Test of Equality of Error Variances™"

Levene Statistic df1 df2 Sig.
MomalisedResponse Based on Mean 9.072E+22 15 16 000
Based on Median 9.072E+22 15 16 0oo
Based on Median and with 9.072E+22 15 10.000 000
adjusted df
Based on timmed mean 3.024E+22 15 16 000

Tests the null hypothesis that the error variance of the dependent vanable is equal across groups.
a. Dependent variable: NormalisedResponse

b. Design: Intercept + ReducedBearingQD + Hardness + SurfaceDiscontinuities + ThreadCutout +
ReducedBearingOD * Hardness + ReducedBearingOD * SurfaceDiscontinuities + ReducedBearingOD
* ThreadCutout + Hardness * SurfaceDiscontinuities + Hardness * ThreadCutout +
SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness * SurfaceDiscontinuities +
ReducedBeanngOD * Hardness * ThreadCutout + ReducedBearingOD * SurfaceDiscontinuities *
ThreadCutout + Hardness * SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness
* SurfaceDizcontinuities * ThreadCutout

Tests for Heteroskedasticity

White Test for Heteroskedasticity™"*®
Chi-5Square df Sig.
32.000 15 006

a. Dependent varable: NormalisedResponse

b. Tests the null hypothesis that the variance of the errors does not depend on the values of the
independent variables.

c. Design: Intercept + ReducedBearingJD + Hardness + SurfaceDiscontinuities + ThreadCutout +
ReducedBearngOD * Hardness + ReducedBearing2D * SurfaceDiscontinuities + ReducedBearingOD
* ThreadCutout + Hardness * SurfaceDisconfinuities + Hardness * ThreadCutout +
SurfaceDiscontinuities * ThreadCutout + ReducedBearingQD * Hardness * SurfaceDiscontinuities +
ReducedBeanngOD * Hardness * ThreadCutout + ReducedBearingOD * SurfaceDiscontinuities *
ThreadCutout + Hardness * SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness
* SurfaceDizcontinuities * ThreadCutout



Modified Breusch-Pagan Test for
Heteroskedasticity™ "

Chi-Square df Sig.

1499 1 221

a. Dependent variable: MormalisedResponse

b. Tests the null hypothesis that the variance of the errors does not depend on the values of the
independent varables.

¢. Predicted values from design: Intercept + ReducedBearingOD + Hardness + SurfaceDiscontinuities +
ThreadCutout + ReducedBearingOD * Hardness + ReducedBearingOD * SurfaceDiscontinuities +
ReducedBearngOD * ThreadCutout + Hardness * SurfaceDiscontinuities + Hardness * ThreadCutout
+ SurfaceDigcontinuities * ThreadCutout + ReducedBearingOD * Hardness * SurfaceDiscontinuities +
ReducedBeanngOD * Hardness * ThreadCutout + ReducedBearingOD * SurfaceDiscontinuities *
ThreadCutout + Hardness * SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness
* SurfaceDizcontinuities * ThreadCutout

Breusch-Pagan Test for
Heteroskedasticity™"""

Chi-Square df Sig.

1138 1 286

a. Dependent varable: MormalisedResponse

b. Tests the null hypothesis that the vanance of the ermmors does not depend on the values of the
independent variables.

¢. Predicted values from design: Intercept + ReducedBearingOD + Hardness + SurfaceDiscontinuities +
ThreadCutout + ReducedBearingQD * Hardness + ReducedBearing0D * SurfaceDiscontinuities +
ReducedBearingOD * ThreadCutout + Hardness * SurfaceDiscontinuities + Hardness * ThreadCutout
+ SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardneas * SurfaceDiscontinuities +
ReducedBearingOD * Hardness * ThreadCutout + ReducedBearingOD * SurfaceDiscontinuities *
ThreadCutout + Hardness * SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness
* SurfaceDiscontinuities * ThreadCutout

F Test for Hetercskedasticitya'h’c

F df1 df2 Sig.

1.475 1 30 234

. Dependent varable: NormalisedResponse

. Tests the null hypothesis that the varnance of the emmors does not depend on the values of the
independent vanables.

. Predicted values from design: Intercept + ReducedBearingOD + Hardness + SurfaceDiscontinuities +
ThreadCutout + ReducedBearing0OD * Hardness + ReducedBearingOD * SurfaceDiscontinuities +
ReducedBearingOD * ThreadCutout + Hardness * SurfaceDiscontinuities + Hardness * ThreadCutout
+ SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness * SurfaceDiscontinuities +
ReducedBearingOD * Hardness * ThreadCutout + ReducedBearingCD * SurfaceDiscontinuities *
ThreadCutout + Hardness * SurfaceDiscontinuities * ThreadCutout + ReducedBearingOD * Hardness
* SurfaceDizcontinuities * ThreadCutout



Tests of Between-Subjects Effects

Dependent Variable: MNomalisedResponse

Type lll Sum of
Source Squares df Mean Square F Sig.
Comected Model 3.340E-3% 15 2.22TE-9 2455 042
Intercept 14215 1 14.215 1.56TE+10 000
ReducedBearingOD 000 1 000 000 1.000
Hardness 1.319E-8 1 1.319E-8 14 537 002
SurfaceDiscontinuities 1.982E-9 1 1.982E-9 2185 159
ThreadCutout 2.557E-10 1 2.55T7E-10 282 603
ReducedBearingOD * 2.429E-9 1 2.429E-9 2678 A21
Hardness
ReducedBearingOD * 5.909E-10 1 5.909E-10 651 431
SurfaceDiscontinuities
ReducedBearingOD * .0oo 1 000 000 1.000
ThreadCutout
Hardness * 4 307TE-9 1 4 307E-9 4748 045
SurfaceDiscontinuities
Hardness * ThreadCutout 1.938E-9 1 1.938E-9 2137 163
SurfaceDiscontinuities * 1.891E-10 1 1.891E-10 209 BS54
ThreadCutout
ReducedBearingOD * 4 44TE-10 1 4 44TE-10 450 494
Hardness *
SurfaceDiscontinuities
ReducedBearingOD * 2.025E-10 1 2.025E-10 223 B43
Hardness * ThreadCutout
ReducedBearingOD * 5.979E-9 1 5.979E-9 6.592 021
SurfaceDiscontinuities *
ThreadCutout
Hardness * 1.105E-9 1 1.105E-9 1.219 286
SurfaceDiscontinuities *
ThreadCutout
ReducedBearingOD * 7.576E-10 1 T.5T6E-10 Bas aT4
Hardness *
SurfaceDiscontinuities *
ThreadCutout
Emor 1451E-8 16 9.071E-10
Total 14215 32
Comected Total 4 T92E-B Eh|




Tests of Between-Subjects Effects

Dependent Variable: MomalizedResponse

Partial Eta
Source Squared
Comected Model a7
Intercept 1.000
ReducedBearingOD 000
Hardness 476
SurfaceDiscontinuities 120
ThreadCutout 017
ReducedBearingOD * 143
Hardness
ReducedBearingOD * 039
SurfaceDiscontinuities
ReducedBearingOD * 000
ThreadCutout
Hardness * 229
SurfaceDiscontinuities
Hardness * ThreadCutout 118
SurfaceDiscontinuities * 013
ThreadCutout
ReducedBearingOD * 030
Hardness *
SurfaceDiscontinuities
ReducedBearingOD * 014
Hardness * ThreadCutout
ReducedBearingOD * 292
SurfaceDiscontinuities *
ThreadCutout
Hardness * o071
SurfaceDiscontinuities *
ThreadCutout
ReducedBearingOD * 050
Hardness *
SurfaceDiscontinuities *
ThreadCutout
Emor
Total
Comected Total

a. R Squared = 697 (Adjusted R Squared = .413)



RezponseVariable

12 Mean = 268.28
oid. Dy, = £7.84
Nowm3Z

Frequency

1000 200.00 Zzooa 3p0.00 3s0.00 0000

ResponseVariable

MormalisedResponse

Mean = &7
oid. Dy, = 3.931ES
N =32

Frequancy

=] EEELS -] EEEES EEEED

NormalisedResponse



- S e —_——
i:Ard 140 [ 133Hs | A LHOBEM] Y Em_u::i”ciﬂﬁhwwa R Dot ] =
_ nv_..—nﬁ.._ a FU0F =00
18|NQ UoYODaY anbio) £AsY| “aN MEd 5107 =00 "
EVRHOSS OLT 432 IANTES 30 MOSTRE3D KOLEAM, ZHL INOHIM §or AL
TUTRM ¥ 5 0 LY M ROLLDNO0BEH ARY (T Al IMDES S50 FHVINDNY Ak
20 AL 0SS X5 FHLT THMYE THLM OSHYINOD ROLYARTEN 341 aM 1O, FIINVETION JUSLYDE) jDEH
10T 601 LS c08 10 gyxgy PO USADD LBl
LANS3 ]
Wd SPERL EEL [ETTEEE ] QL LM0RT
w1 ua BiGz 51 v arvg MY QG 5 sEn 31 ¥2015 SIUON
—
£ IUOISIASY ¢- 1L JIVOS ﬂ 0LLQ
|

L- [ JTIVOS V-V ZO_._.UMW

WA 7

09¢

NN

dl €67 /€

T

dl ¥§'¢s

N

[




Y 140 1 1330S | 03 IHOEM| ¥ A=H| SHIMVED TIVIS 10N 00 3 [arfaraf wm ]

[DACW2Y [EUSIDW 2UpIoLdISsSg ey I T
1ajng uoyonay anbio] pasy] N MAJ 5I0F =00 "
I T
EIRHOEE 0L AL INNTIE 0 NOETRYEEE LI, SHLINTHIM

§0F =0
TOOE W EY 3 Ll B RCALTNCEES Y LT A ANDSS 50 THVINONY XXX
20 AT THI5 LT DRI Y] THI N OHY IR ROLFPRCEN 3L R FAINVEIID! JUSURDM] J08H
L10TH¥0S0E LS £o8 1o ,gpxpy B HOSO0 UBd
QINDIHD  sefipe dmys o RLIEETUA
WA TR, | Ay | e e OLLERT
.mE._E i 7Sy ava MY 0| D3110345 IEMEHIC SETMN 3005 23015 SEALON

SSLQ

[DAOWISY [DUSLIDW 20l 121N
¥ :UOISIASY

09¢




63 - IHOBEM] ¥ A=4] SN T1v35 ION o0
| ‘uoyduzsag
Buyoow 10 4N 0ZW] 3N MET

[FY 540 11335 |

EIHHICEE 011 432 INHTIE 401 HOSTRTEES K LIEM, SHL INCHIM
TN WY D [AYd M RCIONDOESE ANV 10 AL INMTSS
0 ALE T8 TH6 JHL T THIMTET THL M I3HY IR RCALVARD-SHI -1 aN 1O,

LLANDS

QAL

[l “hopeen]

L10T/60FLL LS 0d e SFEED
QINDAHT  safipe doys o
W FFTL i | e s

auva MY [ 0217545 SEMEHLD S5HN

HEINE 30v4ENg

003 =00
§I0F =070
§0F =0

50 THVINDNY]
FIINVEIOL

) |.}

XA

ARULDa) e

MK

L ET

MEXE
3TIS A20LS

-$310M

papiroid a1 sinN 0ZW IV

o0
-

[P4o]

QSSD|D

0l sseiD

QSSD|D

0l sseiD

g SsD|D

0l sseID

g SsD|D

0155012

g sso|D

0l sseID

g SsD|D

0l sseID

g SsD|D

4

0l ssRID

O[OV OO O[O0 [0 |00 | =0

Q SsD|D

Ajpupnd

11N

uolINBYUo D)




[:EE A3y | SNIMYHA TTVI5 LON O 300 [an sl ev T T e — T
FY 640 Z133HS | A IHOEM] ¥ A=) ] p——— u e <=
| -usuguosaq 00T =00

Bupuyoow 1o JnN 0zw] SN MaEd §103F =00 "
EIAHCASS 001 133 [HES 30 FOmaRs aliaw, SHL IOHIM gor s o
THOHM, ¥ 5 D0 LW N NCALTN OO ANY L A ATMOSE S0 THVINONY XX
200 A 0E 305 341 T DRIMYE THI M OSHYLROD ROLYPEON 341 4 pO SIINVEIO! WEUYOaI) jOEH
0T/ 011 Lms £0¥ 4o LS00 000
QIUDAHD  afipe deys o TWINIVW
WV FFIOFL) gy [T Y W0

.m_E._E Gt oy vy WY §O[-031A0345 IMEIKIC S53THN ITKS WO -S31OM

8 NOILOAS

-G dIVOS

2 1IV14d

9c
Buuiyoow alojag
06°'gz xoiddy

4
omfv
0O e2puns Buupag peonpay
£x 01 5sPID
X q sso|D | uoupINBlUOD
Aupn INN




[FY 640 E13IHS | G [HOEM] 'y_A=5] SNIMYH 11935 lON 00 o [ — v s -
[ ucuduzsag :nnﬂwunﬂ__i H

e I 2D 10 1N 0ZW[ 3N Mad 503 =09 un W @
PR G R T . I

2102/ 60121 LMS ool T
FDzom A Fro TR sabps dmus o yorg TVIELYW
.mE..E Bl R ava h—h.!ﬁ”-u“.ﬁmﬂ“!.ﬁﬂg mﬁ:uul_mn—“ SE31OM

a-a (
NOILDO4S —
-6 dIVOS Iy
1IvV13a \ /
— u 1o _ _ 1
< 3
N P >
yd
4
S2A00ID) X7
£X 01 SSP|D
£x g ssp|D Z uonninBljuoD
Afpuon®d INN




[F¥ 640 ¥ 133HS | B4 (HoOM] Y _~=4] ONIMYED 31v 25 LON 00 7 o o ——

[ uonduss=g e H —1— T
Buuyoow 1oy InN 0ZW] BN Mad §SI0F =00 H
TEIEHCES 011 442 LNHT3E 30 MOV RELIEM, SHL LNTHIM §0F ——]

=Q
TUTHM, ¥ EV B0 [vd M ROILONOO0EESE ANV L7 Al MMDSE 50 THVINONY. N
00 MBS DR TET5 1L DHIMYED THL N SRV IO ROLLYRAEOHN JHL aM #0, " SaonvEno. RUYDAI] jBRY
L10TfB0LL LIS CoN 4o L SFXED XXX
GINZIHT  safpe demys o TV W
(WY FFICEL) | Y W Uy D [t g
GE.._E Bl £ ! avg M7 0| J3110345 >SRN TS 12015 SSILOM

|y 3IVDS HNOILDIS

H71V13d §

777 [

0T Q

2N
7 )

05/
noiny poady]
£X 0l ssPID
ox g SSB|D ¢ uollpINBluoD
Auony 1NN




FY 640§ 133HS | 03 IHDEM| 7 A=H] SNIMYHA TIVIS 1ON 00 K e peal v EE

W .’ o 8] =4 =N = d 2LL2 el ul =2 ALl =N FalR =
[ uondussag :ﬂﬂmﬁﬂi H T
Buiuyoow 10} JnN ozw| sN MAd 5107 =07 "
TEIAHOES 007 Al INHDSE 30 MOSSHYE3S RELEEW, SHL LNTHIM SoF GL

TUTHM, ¥V B0 LAY B ROILTNOOEEE AN QU AL WNDES 50 FHVINONY N
20 AL TH05 LT THIM YT THLM IENYINGD ROWWARCIN HL al §0, * TIONVETION suyDal) ey
L10E/60fLL LS R T 00K
OBAZIHY  seBpe doys o TYIHILYW
[ PP
! ‘hopsan LfY | A e 0N
.mE._E Bl i ! iivg NMY 003110345 JMEHIC SETHN 30E ND0IS SSLOM

|
T NOILOTS —

: \\\\\\\ /,|- @ >
-6 JIVOS W:uv
iviag IS %/J
/ \uu MM Hm f&

AN

c
oSt SOA00ID) Xf PUD
O e2nung Buupnag paodnpay
£X 0L sseD
eX g SSO|D ¥ uolpinBljuoD)
Apuon INN




Y

640 §133HS |

B34 - [HOBM] ¥ A=d] SNImvEa T1¥25 IoN o0

| ‘uoydussag

VEDHHICESS 001 432 INHTSE 30 MOEThYH3E KELIEW, SHD INCHIM

Buuiysow oy N ozw] sH MEJ

HEINH IDVaans

00T =00

§I0F =00 EX]

S0+ =

Hiv.13d

™

4
W&
%5947

7

A

140)

9

=

Buuiyosow 21099

05°8Z x0.ddy

I/D
\\h\\
D7 —
1

1noInD poaiy|

pup gO Buupag paonpay

Z
oSP

- 05/ -

[ 01l sse|D

m,x. m mmO_U
Ajpuond INN

G uolDINBIUO D

TUOEHNA W B AT LAY I ROILONOOESE ARY LT AL NDSS 50 FHTINONY
S0 AT 3105 LT DR YE THI M 31RO ROIYWECHM J4L «M ¥, SAINVEIOL WSUYDAaI] JDRH
LI0T/ 60V £L s TR ok
QINDEHY  seBpe deoys o LYW
Y PFOEL] | E g L Uy s NN
P e ! ava NMY i 030345 > ssamn 325 %2015 ‘SAUON




[Py 640 2 133HS | 3 IHDEM| ¥ ASH] DNIMYEQ T1W35 ION 00 b o e o
[ uoudussag ..nuu..u_mu.nﬂi HSIN
BuiLiyoow o) inN 0ZwW] 5N MaEd §I0T =070 H
- I—— T
ELAHOEST 0L Ald ITHTIE 30 MOSINE3S RELIEM 3L INTHIM S50F =
FUTHM, ¥ 5 B0 8 M HCILNOOEESH ANV LT AL THOST 50 THVINONY XXX
0 A LS T 305 3HLT THIMVE] THL N 3HY RO ROILWARTSHI 3H1 aH ¥ FADNVETIONL L, oSl jBeH
£108/607£1 LM o0 10 grEED o
— D z wm GIAOIHY  seBps cmys o VLYW
kg TN giw | uwmuusen XX
nm.«.:._..;n_ Bl L1 Hemmml avg MMV 0] 03112345 FEIWEIHLD FEEINN Eriig lelly Reeile]l]

NIV LHd

/

\\\

1

/03

068z xoiddy

G

9c
Buuiyoow aloleg

InoinD ppaiy|
PUD ‘S9A00IS) Xir

‘0 @2puNns Buubpag paonpay

oSk
0S '/
£x 0l SsoID
£x g SSD|D
Ajuond INN

9 uolpINBIUOD

0g0




S e, A G AR LR SRR S d JLUS el u t = B LA Cas il
[FY 640 @ 133HS | 03 IHOEM| ¥ ASH] SNIMYED TV LON 00 0 [ faral v rmazim =
[uoioiosog| v ! =&

Bujuiyoow 10} JnN 0ZwW] EN MEd 5103 =00 H
g —— L]
TEIAACES (0 413 [HIES 30 Hovawva3s FaLiaw, SR TR 0T =0

TUOEL ¥ EW B0 LAd MIROILSNOCOEEY ARV LT AL IMMOSS 50 FHVINDNY) b
20 AT 3105 FLT TRMYED THI N OSNYINGS ROWYPRCHM 3L aN $O, FIINTEC, jusuyoal) joeH
L10T 80FLL LS ©oN 0 ,EFYXE N
— D z wm QDM saBpa dmys o TYREIYW
(e FFOFL ) . LR U BuD XK

GE._E fl i ! AIvg MMV 003110245 JEIMEEHIO TEENN 3005 N3OS e ilell]

O-0
S V13 NOILDO4S

e G

A

/1 T

Q\ \2\\\
G N

xo1ddy 0€0

Eo) //f \\\j °

4
05/
NOIN7) pDaly| pup
SOA00I) Xf
£X 0L sseD
£x 8 SSO|D £ uonpinBbiyuon
Aypuond 10N




[PY

640 6 133HS |

03 IHOEM] 'y _A=] SNAvaa 11v0s ION 00

[ uoyduosag :nnﬂmumﬂi :ﬁx...._. - — o
.es_.aaeEie,bgﬁﬁxi.;mc_:_;ugﬁ_az A IEEER 5103 =00 .
bzﬂaﬁﬁawhqﬁsﬁﬂ,ﬁmﬁﬁhﬁqﬁzg L .ﬁa“w.j:.ﬁ._zq‘ ___i__.!:_utﬁn:
PDzom 102760021 s ) L s d_.ﬂﬂ
ey 102 T b hopsany v v | s o ropueund T e
o0 NOILDFS )
116 IIVDS s \ _ _
4 IV14d AR o
o]
N
N S
3 9B |
Lo 3.8
/] / E
|'I_|N g
oSt
aqo ww/ /¢
‘1'CL1LSY AQ pamojD ulw O}
A0 =S2oDUNS D_C_‘__U$_m_ Paonpay
9% Q SSO|D g uolpInNBluo D
Ajjuon® INN




A" 140 (1330S |

DX IHOEM] '\ _Aey| onmyia 51vds 1o oa |

_ co:qnx T

TR
YIVIO ave .vﬂk.—uQFE ¥ MY A
Ei:vg B0 WhL e eV Bulﬁ_

.._.Dzmvmm

q‘n‘nu

810%/50/80 1MS

iJ
LU 2; rv! Aomeny

9915 UOGIOD) 40K

(U4 L 4

| :AUOND

¥ NOILOFS

N TR

0¢

SO0+
0Z 0+

78 i




En | DA IHOIIM] ¥ A6x] ONMvEa 31vos 10N 0a | o = vy =
2 [T M
-
$8{D|d J05UaS £ARY| N 5103 =040
V0NV OV 30 S M NOWINOORIEE MY Q1Y M avean ..Ou =0 x
AW 7! .>.r o..f VIO S0 M IV INEID MOUYVICRE § N uO--“zSis owDa ) Doy
f10z/v0/0€ 1MS ros 2 gpxgg PO UOGIDD UCK
(R QUMY 1e6pe dioys o yoorm
WAL | 81D SUOHsU e 0) xxx
' 2 1y Aopuow Broshtobe o “ww—oz

€ (UOISIADY
Z ‘Auon®d

L1 3TVOS

¥ NOILO4S

NN

AN
]]

LD

) |

20
NN

1

0s

oS¥ X2

<

1'0- 68l
L0+




HAIYAN YUXING NUTS CO,,LTD.
CHANGQIAN TOWN,HAIYAN COUNTY ZHEJIANG 314304 CHINA

QUALITY CERTIFICATE COUNTRY OF ORIGIN-CHINA

CUSTOMER:BRIGHTON-BEST INTERNATIONAL,INC.

SIZE:M20-2.50

GOODS: HEX NUT, CLASS 10 ISO 4032/1SO 8673, PLAIN (METRIC)

MARKED H10

ORDERNO.:A05765

PART NO.:316019

LOT NO.: HY17526M20P10
MATERIAL TYPE: SWRCHA45K

DATE:AUG.08,2017

INV NO.: 00169993
LOT SIZE:1.60 MPCS
HEAT NO.:J11704877

SEPCIFICAT STANDARD RESULT ACCEPT
CHARACTERISTIC (MM)
WIDTH ACROSS MAX-MIN MAX-MIN
FLATS SAMPLE OK
SIZE N=32 30-29.16 29.65-29.58
WIDTH ACROSS MIN MAX-MIN
SIZE N=32 3295 33.28-33.20
|
HEIGHT SAMPLE MAX-MIN MAX-MIN |
SIZE N=32 | OK
18-16.9 17.35-17.28 |
THREAD ‘GO"SAMPLE 6H :
SIZE N=32 Ok | OK
ISO 724 :
THREAD “NO GO” 6H |
SAMPLE SIZE N=32 | Ok OK
PROOF LOAD SAMPLE MIN
SIZE N=4 259700N 259700N OK
ISO 898-2
HARDENESS SAMPLE HVS MAX
SIZE N=8 272-353 330-310 OK
€ Mn Si P S
CHEMICAL ANALYSIS 0.45 0.68 0.15 0.016 0.005
THIS CERTIFICATE CONFIRMING QUALIFICATION TO ISO

898-2-2012/EN10204-3.1

FACTORY INSPECTOR: Huang Weiming

§
T4

DIRECTOR: Shen Jiahua

_.,.J}...’,‘g,

l.‘\

26
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Certificate of Analysis
Bureau Veritas Report Number: MT6589
Date: 24/11/2014
VICKERS HARDNESS TESTING (NUTS)
PRODUCT CODE: ASINZS4291.2 Class 8
TEST SPECIFICATION: AS 1817.1-2003
BUREAU VERITAS PROCEDURE: P-3000-ME-0029
TEST PIECE FORM: Cross Section
TEST SURFACE PREPARATION Ground Flat
HARDNESS SCALE: HV30
INDENTER: Diamond
Test No Test Location Hardness Results HV30

1 Face 233, 236, 236

2 Face 235, 256, 251

3 Face 248, 246, 246

4 Face 293, 291, 294

6 Face 248, 259, 256

12 Face 224, 220, 226

13 Face 246, 241, 261

14 Face 226, 236, 230

15 Face 242, 233, 241

Compliance statement:
The results from the following tests comply with the requirements of AS/NZS4291.2 Class 8 200-302 HV30

Test No Test Location Hardness Results HV30
8 Face 310, 305, 306
10 Face 307, 322, 300
11 Face 300, 315, 310

Compliance statement:

The results from the following tests comply with the requirements of AS/NZS4291.2 Class 8 233-353 HV30

Test No Test Location Hardness Results HV30
5 Face 330, 322, 310
7 Face 333, 334, 326
9 Face 341, 337,343

Compliance statement:

The results from the following tests comply with the requirements of AS/NZS4291.2 Class 10 272-353 HV30

S

Ronnie James

Materials Test Lead

DESIGNATED SIGNATORY PAGE: 4 of 4

This report was prepared by B Veritas expressly for the as inated on the front cover. Neither Bureau Veritas nor any person acting in its behalf (a) makes
information m\hodsdsdosedmhureponov(b)mmsanylmwmhrespedlomeuuof

O O i i i reput ADY (BEY kg o . or use of this document, releases Bureau Veritas and their amat.::fmm

nfarmaton or methods disciosed in this report. Any recsp of this by thei P
'nny habaty for direct. indirect consequential or special koss or damage Mounsmo in contract, wamranty, express or implied, tort or otherwise, and irrespective of fault,

neghgence and sinct hablity
E‘n?ﬁcec«es of trs report are not official unless authenticated and signed by Bureau Veritas and are not to be modified in any manner without the express written consent of

Bureau Vertas Samples will be stored for thirty days.
All Sampies NATA endorsed except coating thickness

Bureau Vertas AIRS 30 Tuiloch Way Canning Vale WA 6158
ABN B5 000 928 816 Telephona +61 8 6250 2600 Facsimile + 618 6250 2801






