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Threaded elements
Coupling of mechanical parts
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Introduction

Threaded elements

Not only in coupling of mechanical
parts

Smart manufacturing



p n a PENN%TE
Introductlon

« Threaded elements
Coupling of mechanical parts
Tapping: widely known operation

 Problems expected as a result of _
Complex geometry and large number of active teeth
Need of a strict synchronism between tap rotation and feed

Dientes asociados Canal "ji+1"
al canal "i"

M,

Dientes asociados
al canal "i+1"
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Introduction

Thread Quality
Experimental Facts show that:

As tap wear goes up:
Torque goes up =» the risk of tap or tooth fracture also goes up
And tap rotation and vertical feed are not synchronised =» over-sized threads
The risk of under-dimension of tapped threads also goes up

Threads dimension assessment: by a go-no-go gauge but it implies (manual

inspection)
high industrial cost and times

unacceptable thread

Go-no go gauge
defines the end of
dr=Dg-28 thread quality (ETQ)

acceptable thread
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Introductlon
The AIM

IS to develop an off line diagnosis strategy that:
warns when quality thread is about to become out of

control (go gauge does not go: undersized threads),
so that red alarm could switch on and tap

replacement could be done immediately.
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Signal selection and experimental set up

Torque signal; Tap 1 & Thread 1°°
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Signal selection and experimental set up

Torque (N-m)
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Unacceptable thread
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Signal selection and experimental set up
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Az’ A6 & go-no go lifes; taps: 4,8 & 9
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Principal component analysis

Principal component analysis (PCA)
Reduces parameter numbers without losing data information

A1 >

Ay —»
1 PCA v
Ay, ———» ———> Y,
Ay —»
Ay —»
A, — >

Z=(X-X)s, where S — diag{l/s, |
Y =2V
cov(Y )=V tov(Z)V
Y, =0.25(A+A+A +A)
Y, =0.5(A, + A)

90% explained variability of the process
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Pr|n0|pal component analisys

Y1 & Y2 for 10" tap
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® acceptable thread
\ V¥ unacceptable thread

v\ .
- . e Solution?
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Statistical process control

SPC is method of quality control in order to monitor and
control the process

vau 7 \)V2
GV = (Yl,m _Yl,m)+ (Yz,m _Yz,m)
n — 1 G?neralized Variance tap 4
UCL=B,GV S .
m=learning period (10 first threads) 3 |
n= 2 principal components (PCs) 10 .
SWWW MMMM

0

0 50 100 150 200
Number of thread

The process 1s deemed “out of control” when GV, >UCL
This produces FPs (tool cost) before ETQ

If GV, <UCLafter ETQ, this is a FN and a unacceptable thread has been tapping
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2

Statlstlcal process control -off line SPC charts-
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An off line strategy for assuring good quality of M10x1.5mm threads
machined with TiIN Coated HSS taps and using torque signals of the
spindle motor has been developed and validated for cast iron GGG50

Anticipates “on line” wrong threads with reliability even in operator absence with very
small tool cost (TC) penalty,

There are no FNs.

As Further Work

This smart manufacturing tool will be validate on line at the Lab and an industrial
partner enterprise.

The strategy will be validated for different types of work-piece and tap materials,
cutting speeds, tap diameters, geometries and coatings.
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