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Abstract—The thread fastening operations have been used for
decades with the purpose of joining one componenb tanother.
Its tasks are popular because they permit easy taghssembly for
maintenance, relocation and recycling. The threadedastening
process is typically carried out manually since its very difficult
problem to automate. As a result, there is very lite published
research on automating threaded fastenings. This per
investigates the problem of automated monitoring orthe screw
insertion process. The monitoring problem deals wit predicting
integrity of a threaded insertion, based on the taque vs. insertion
depth curve generated during the insertions. The ahors have
developed an analytical model to predict the torquesignature
signals during self-tapping screw fastening. The mposed
strategy is integrated with the automating threadedassembly
system. The monitoring task needs to be identifiednd fitted the
required signal from the online and optimization process. Its
results are shown with up-to five insertion stagescan be
identified over three different fasteners.

Keywords— Threaded Fastenings, Screw fastening, Screw
Insertion, Curve Fitting, Autonomous Threaded Asserhly,
Optimization.

I. INTRODUCTION

Screw fastenings are a common joining proaeesksare
especially popular in assemblies that need to basdembled
for maintenance, repairing, or relocation. A hurpanforming,
screw insertion will be typically used for four gés as
Alignment, Positioning, Orientation, and Turningtbé screw
fastening process. Its process is start from tlggmlent hole,
pressing at the position, and turning screw uotiéw fastening
has been achieved [1], [8], [9].

In manual screw fastenings, human operatoes
particularly good at manual operation. As the terguerted by
the screwdriver depends mainly on the applied dapefarce.
However, with power tools, the increased insertgpeed
reduces the human ability to monitor the on-linseition
process. Thus on-line automated monitoring strageépr the
screw fastening process are highly desirable. Ouneh s
approach is based on the “Torque signature signdhgertion
Depth signal” curve measured in real-time prociédkis curve
has been within a pre-defined bound of the coriestrtion
signal, then the insertion is considered to besfgatiory [6],
[7]. An automated thread fastening process camipéeimented
and applied in several forms in different objective
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With the development of electrically powered screvats
the attempts at the threaded fastening processawithhasis on
the torque signature vs. Insertion deep signall987, by
Ngemoh had proposed the analytical mathematicaleifumal
screw insertion process and implemented later [2].

The Neural Network techniques have beetieppy
using the ability of Weightless to monitor the serimsertion
processes in difference insertion cases [3]. IM2@&duno had
distinguished between successful and unsuccesséelrtion
based on Radial Basic function [4]. These monitpperforms
are to apply Artificial Neural Network in view pds of
classifications.

“A distinction without a difference has dme
introduced by certain writers who distinguish ‘Roin
estimation’, meaning some process of arriving aestimate
without regard to its precision, from ‘Interval iesation’ in
which the precision of the estimate is to someraxtaken into
account” [13]. Fisher founded the Probability theas logic
agree, which gives us automatically both point amtérval
estimates from a calculation. The distinction comimonade
between hypothesis testing and parameter estinsatéme
considerably greater than that which concerned efistihe
screw fastening processes have carried out inseotioeight
different materials and the self-tapping screwshwitsing
mainly screw sizes AB No. 4, 6, and 8. These s@@es are
the most common sizes in manufacturing. The coomdipg
theoretical profiles of a curve of the torque signa signal and
rotation angle have been also generated to compitinethe
online process in this test.

II. THE EXPERIMENTAL TEST RIG SETUP

The Implementation of Screw Insertion t8gs
model has been integrated with three main factohe first
one is the screwdriver with the pilot materials &tempt to
insertion screw. The second one is the instrumantssensor
controller. This controller consists of the Rotérgnsducer or
Torque sensor for capture a torque signature signdl the
Optical Encoder for measurement the rotation adghing the
real-time process. This controller is including tbeque meter
and manipulator equipment. The third one is théntpation
system based-on the parameter estimation has eeaplwy
monitoring of the required parameters of the thegafédstening
process. These factors have implemented and inéatfavith
Graphical User Interfaces (GUIs) technique.
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A. Tools and manipulations

The tools and manipulations are necessary ast inp
devices, which brought the input signal into thegess. An
electrically powered screwdriver has used with rgue range
varying as 3.2 Nm to drive the screw into the hoMn
illustration this screwdriver is presented in Figur
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Figure 4. Wiring diagrams Optical Encoder & Dicpbgation

The optical switch has functioned with a lighhsitive
device with a built-in an amplifier, the shape awiting
diagram are presented in Figures 3 and 4. Its pedioce is to
fix-focus reflective/u-shaped type micro-photo s®eslow-
cost performance, it is stable detected by fixemitforeflective.
A measurement disc has attached to the Torque rsemiizh
fixed at the shaft of the driver bit see Figs 4 &ndhis disc is
perforated every #45allowing 8 readings per revolution. The
Optical encoder has a measurement resolution 6f #ie
digital signal of a pulse voltage is converted he trotation
angle during screw insertion. This applied systemréading
signal on 8 holes as angle has present in Figure 5.

Thrust Bump Low noise level 70 dB (A)

Programmable speed
between 30 and 2000 RPM

Torque range between 0.2 and 8 Nm.

Figure 1. The illustration of screwdriver Comporgent

B. The instrument and sensor controller

The controller is main function to control tsensors for
the on-line operation. The integrated fasteningesyshas been i
employed and interfaced with the Data AcquisitidbAQ)
card. The details of these devices are following.

\

Figure 5. The applied system with Transducer &ercod

=

e Torque Transducer or Torque Sensor. e A Multifunction DAQ card.

The rotary transducer in Figure 2 is usethis test,
which has attached to the shaft of the screwdtieséween
the end of screwdriver and the nut settings. Thigu®
sensor is in position that can reduce the effetisaxtive
and friction associated of the gear and the drividom
This sensor is a measurement based on strain galiies
capable in measuring torque is in the range betv@e2n
and 8 Nm.

Figure 2. Torque Sensor. FegBL Optical Encoder

I/O Conneclor

The multifunction DAQ 12 Bit Analog-Digit
I/O card has used in this experimental test is pcodf
National Instrument and Sensor (NI) with model “NI
PCI 6024E”. The multifunction DAQ is required, whic
provides the full functionality of /0O 68-pin ma®050
D-type with voltage output range of + 10 volts.

The Torque sensor was electronically interfavstth a

digital torque meter that is produced. The voltagiput of

torque reading from the torque meter is proporfidoathe

measured torque during process into the hole. Batbut has
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corresponded to the maximum capacity of torquéatrh.

DACO

AO Control

A

e Optical Encoder
An optical encoder has used to measure the rotatio™ /
angle of the screw. It consists of an optical switnd a
measured disc.
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(a). DAQ PClI card (b). DAQ card witable
Figure 7. A multifunction NI DAQ PCI 6024E card.

The DAQ module’s Block Diagram shown in Figure 6 to
communicate between the screwdriver, the instruspesuid
sensors have implemented procedure and appliedyimds 9.
This DAQ card shown in Figure 7 has connected lith
SH68-68 cable and fixed into PCI slot on computsard. The
integrated component system has applied for tisaescrew
fastening system, which shown in Figures 5 - 8.

e The reference label box or connector box

This reference label box is useddied the channel,
port number, and type of signal to identify durimg-line
process. This box has connected with the SH68-bi ¢a
the Multifunction DAQ card, see Figurésand 9.

Figure 8. The wiring circuit in the Connector box

I STRATEGY FOR ONLINE EXPERIMENTAL TEST

The experimental equipments are requiredotmect
as the applied screw fastening software has impitadeas the
appropriated efficiency system with this integratgdtem, to
get signals from the torque sensor and optical @rcduring
the screw insertion.

MATLAB

Interactive functions and data

Data Acquisition Toollbaore

| M-file functions |

| Diaba acguisition engine |— Disk file

| Hardware driver adaptors

Property values, data. and events

Hardware driver

Property values, data. and events

Hardware

Figure 9. Flowchart of the on-line procedures
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The screw

insertions were performed using a

screwdriver. A torque sensor mounted at the tip thoé
screwdriver provides torque readings, and an dpé&naoder
provides pulses, which are related to the screatioot angle.
The stream of pulses was integrated to determine th
corresponding insertion depth. Model was develaguatiusing
the curve fitting technique to filter the signahélexperimental
test rig prior to presentation to the on-line scriastening
process software has shown in Figure 10 and usetatage
all instruments and sensors for the input task iatetffacing
with the screwdriver and linking with the monitagibased-on
parameters estimation.

Trasomizer
Screwdriver

Ciptical

¥

Encoder

H

Torque moter Torgue
Sensor

AnalogDigital
Converter

(DA eaxd)

)
o

Computer

v

LEETE

Figure 10. The overview of the experimental test ri

Reading the torque from the torque transducer dhne
rotation angle from the optical encoder. The caatwignal is
applied the curve fitting and curve managementrtiegtes to
identify the curve. The parameter estimation methasl used
to predict the unknown parameters. This techniques h
explained for more details in the next section. v@ur
management process is the straight line techniguand the
slop changing for recognition of the insertion toeq These
curves presented in Figure 11-12.
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Figure 11. The result from online experimental.test
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Figure 12. The signal fitted by the curve fittirghnique

Insertion Depth

A. Curve fitting technique on the experirhen

The smooth curve can be fitted and apptedhe
experimental signal. Using the interpolating polyral of r"
degree then we can obtain a piecewise use of polais, this
technique is to fit the original data with the padynial of
degree through subsets of the data points. Thidtrissquite
suitable approach as a least square fit algorithm.

Curve fitting to measure the signal dasa a
frequently occurring problem. These signals are wectors x
and y of equal size. The situation is aims toHfit tata because
being a dependency of on x in form of a polynomial.
Therefore, the higher degree polynomial has reptedethe
dependency for this fitting technique. The leastuasq
technique can be used to compute a polynomialHat best
fits these data at the degree of the fitted polyiabnThis
technique has applied on experimentally with tHati@nship
of two variables< andy.

The curve fitting method has been employed using an

algorithm of the polynomial technique to fit onghiaptured
curve. Then a new smooth curve after fitting precésis
presented in Figure 12 and the validated curve ¢batpared
with theoretical curve are shown in Figurel3.

Torque vs. Insertion C'urve [Theoretical]

Torque vs. Insertion Curve [Fitted]

Torque [Nm]

20 30 40 S0 GiJ
Tnsertion Depth [mm]

10 20 30 40 S0 10

Insertion Depth [mm]

Figure 13. The theoretical and experimental curves.

B. The experiment curve identification

The screw insertion process has been descoh the
required parameters depend on the each equatitimeifive
different stages of insertion. Therefore, this NRi\gorithm
has applied with screw insertion process that requithe
exactly Displacement of depth, which has applied tfmse
curves in each stage. Thus, the curve identifinatechnique
has become the important technique to employ foogeition
the curves of the torque signature signal and aigphent of
depth of insertion.
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Basically, the actual curve of the torque sigmatsignal
and rotation angle is the discontinue curve in estelge of
insertions. These stages have divided the natureesuhat
could be generated from simulation tests or captuharing
experiment tests. The screw, material, and platgpgrty in
Table 1 is used to produce the simulation curvéiguire 14.

The torque vs. Insertion Curvewith limited at 1.5 Nm

0 1 2 8 B

3 s 6
Tnsertion Depth [mm.]

Figure 14. The curve for screw AB6 with Polycarbtena

TABLE1l. PARAMETERSFORSCREWABG6 WITH POLYCARBONATE

Material and hole properties

Material type Polycarbonal
Thicknes 3 mm (0.003 Meter
Yield strengtl 45Mpe
Tensilestrengtl 45Mpe

Elastic modulu 2.35Gpi
Coefficient of frictior 0.1¢

Tap hole diamet: 2.0 mm (0.0020 Meter

Screw properties
AB No. €

Type
Materia

Zinc plated ste!
3.42mm (0.00342 Metel
2.49mm (0.00249 Metel

Major diamete

Root diamete

Pitch 1.19mm (0.00119 Metel
Lengtt 9.67mm (0.00967 Metel
Taper lengt 2.94mm (0.00294 Metel

Head screw diamel 6.52mm (0.00652 Metel

This insertion stage is status of the wamakes first
contact with the hole wall in the tap plate. Thisve has been
identified the insertion stage in Figures 15 - Tfe identified
insertion curve at stage 2 has been present irrd-ith1

Identifyof Insertion Curve at Stage 2
11
1

0.9

Torque [Nm]
s = 2
5 O &

e 2 2
=5 £ 4

= 1 35

1.5 2 &
Insertion Depth [mm.]

Figure 15. The identified insertion curve as stage

The torque signal on this curve at stage 4r&aght line.
Because this stage is status of Screw sliding. efbee, this
straight line is an identified curve at stage 4bpresent in
Figure 16. In Figure 17 shows that the last stagmsertion
curve is identified as the stage 5 of curve.



Tdentifyof Insertion Curve at Stage 4

5 A self-tapping screw insertion process consistsfioé
| equations corresponding to each insertion stag¢1[G}-[12]:

2 0 71 =1 Rs Acours CO¥.¢ +u R Ki 01 cos ) 1)
-‘E':u.s a
o (23 :RS AcO-UTS COS9+2,u R Kf Ot C0ﬂ¢- 05) (2)
LT T 3= 1 Rs Acours COY +u R K o COS ¢+ ) ®3)
Figurel6. The identified insertion curve as stage 4 @
Identifyof Insertion Curve at Stage 5 TA = 2’” Rf Kf O-f CO§ (¢D) (4)
. 5= [H(Dsf + DS)H De+ Dhj[nu(w Dh)+2Pj { KinKio } ®)
E :zn: ° iDsh2 - Dsz) 4 TC(DS+ Dh)—Z;,LP Kint+Kin
: b Equation (1) to (5) can be written as
& t=F(X, ¢), (6)

6 s
Insertion Depth [mm.]

Whereg is the angular rotatiorX is vector of parameters:
Figure 17. The identified screw insertion curvestage 5

X:[th Dra DSa Dsha Py'-SthaleTZyE!ur O-YYO-UTd'

The estimation algorithm has applied the torsjgaature Where
signal and rotation angle signal after fitting #mooth curve. Dy, andD, = Tap Hole Diameteand Screw root diameter
This smooth curve has fitted after the experimeetstks. D, andDs, = Screw major and Screw head diameter
V. METHODOLOGY LsandL, = Screw total threaded-length and taper-length

T, andT,=Tap (near) and Tap (far) plate thickness

oy andoyrs= Yield Strength and Tensile Strength

K = Coefficient of Friction,P = Screw thread pitch, and
E = Elastic Modulus

The appropriable techniques for the particutsmion in
this paper devote to discussions about the Newtaph&on
Methods (NRM) is a choice of appropriate minimiaati
criteria and the robustness of this applicatione Tionitoring
strategies have been applied the parameter esiimati
techniques to validate the insertion process mttst. In the equations (1) to (5), the following variahl§g, a,

This paper is to apply the estimated parameglication ~ 5: Ae: b Kins Kin, R, R, Ky are all a function ok, and are given
based on NRM for threaded fastening process witing on  in Appendixes. Thus given the system parameteroveft,
the torque signature vs. insertion angle. The mdmded Dr, Ds Dsn P, Ls Ly, To, T2, E, 4, ov, 0out).
monitoring has implemented with following the esition

parameters Scheme in Figure 18. The required paessrizave ; ) j
read the input data with contain both known and nomk variable and fixed parameters and the set of enug{l) - (5)

i AV ¢ ists of k i th required these parameters and can be used to fifeeliorque
parameters. Vector consIStS of known paramelers, esignature signals. These values could be solvedaogmeter
rotation anglef), a torque signature signak (, and the ggtimation techniques. As the torque signatureasiginstages 1
unknown parameter is a vectgrthat be initialed value.

and stage 3 is very small value.

These parameters are important parameteratisg both

Initially, the stage 2 equations, that is timgue required
to drive the screw from screw engagement till ahiti
breakthrough, is used for parameter estimationgumaton (2)
and can be written as:

@ —

7 =f(1,0,0urs B,4,DsDnLi,P ) (7)
Figure 18. Estimation Parameters Scheme In conventional estimation theory, theseapeaters of
screw insertion are generally determined usingebknique of
V. ANALYTICAL MODEL numerical method with the initial value and numbeir

The focus on the experimental test paranestimation ~ independent samples. An algorithm of NRM has deperlcand
based on NRM, which is the non-linear estimatiorapeter Used for inversion ,PUrpoOses 1S presented. It aebiev
techniques that can solve problem over threadeerfiag for ~ convergence in about™ iterations and produces exact values
screw insertion process. With parameters on theewscr Of the parameters depends on the number of unknown
properties, plate properties, and material progerincluding Parameter that is going to apply. The curves afuersignature
friction, these techniques have been applied taligrewo and insertion angle signal are simulated usingsiecessful
unknown parameters in this paper. These two unknowfata from Ngemoh to validate in different screwfemial, and
parameters are required by the mathematical moalel b Plate properties. The NRM technique is fed withqum-
estimated reliably on-line experimental resultshaitt noise is  insertion depth signature signals, which is based toe
presented to validate the estimation procedurkisngaper. generalitazion for single parameter.

659



As considering for thg™ function f; of n functions that
define our system. This is to calculate the to&livdtive as
sum of partial derivatives respect to the n vadablx,,
Xo,...%n} O the functions. However, this model requiresioas
parameters used to automate the operation. The NRis by
modifying the unknown parameters in order to foaceerror
function to approach zero. Both equations (2) afjdcén be
revised for the two unknown parameters gs= F(V, X, @),
Where V is the vector of known parametegsis the screw

Figure 19 shown the estimatad and Ds for the case
without noise with values of 0.18 and 3.69 mm. Hoeve
these actual values are 0.19and 3.42. The pereeetag ofu
and Ds shown in Figure 20. It is noted that the frictiealue
and Ds are estimated as 0.18, and 3.7 m, with an estimati
error of 5.26% and 8.18% respectively.

VIIl. CONCLUSION
The experimental tests have presented theatlid of

rotation angle, and is the vector of two unknown parameters estimated parameters with the experiment datalidate. The

(« andDs) that can be followed[10]:

x= ; 106 ) = 1) — F(V.xg). ®)

test results can be identified up-to two parametetisis test.
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