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for Same Polymers
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The paper presents a methodology devoted to statistical analysis of welding characteristic process parameters
in high frequency for Polyvinyl Chloride. The experimental values for technological parameters assure a
high stability during the control processes in production as well as a high quality of joint welding.
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Quiality is a very complex notion, the basic of quality
are conferred by technical, economical and social
functions.

The original equipment manufacturer has as focus
obtaining of desired quality in time according to higher
expectation of final customers who want to buy and use
high quality products.

A big step forward was done when it was introduced in
each production step the self control, this means checking
and measurements of process parameters for raw
materials, subassemblies and final products [1].

As a result, the manufacturing processes have to be
controlled with statistical methods, so that the requested
characteristics (specification) to be more accurate.

Today, the statistics is part of success in obtaining of
requested specifications of products.

For a product which is in production, the quality
assurance depends by how the process is known, that
means all influences (operators, machines, tools, gauges,
method) which are in process [8-10].

The process have to be conducted in order to be
statistically controlled, which means detection and
elimination of process variation and moving the
characteristics in established limits of tolerance (process
validation).

Supervision and measurement of process parameters
in automotive industry is mandatory according to ISO TS
16494 (Quality Management Handbook referenced to SR
EN ISO 9001:2001) [7].

Concepts and definitions
For defining of constancy level for a specific quality

characteristic which belongs to a process we need the
following information [4]:

- customer specification required,;

- measurement of center (target value);

- measurement of constant distribution in the process
during a period of time;

- measurements of natural or inherent variation which
should appear in the process (“reproducibility level” of
process);

- reevaluation of causes for discrepancy between center
nd entire constant distribution in process, during a defined
period of time and a cost estimation needed for elimination
of causes.

The ke elements which are evaluated during capability
study are presented in table 1.

The variation of characteristc under process fluctuation
gives us the dispersion field (capability) [5].

The limits where the characteristic variation is accepted
represent the limits of tolerances, which are defined
through specifications (lower limit and upper limit).

The machine adjustment represents the position of
distribution field of characteristic value, express through
center of distribution group.

The machine precision is given by distribution field size.
This is suitable when the distribution center size is between
tolerances field.

The process is stable as adjustment when the center
(Xbar, Xmed, Xmax, Xmin) is stabile in time.

The process is stable as precision when the distribution
(o, R, R-bar)is stable in time.

Typical situation of distribution for stable processes =
position and distribution of dispersion field are stable in
time (table 2).
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Table 2

DISTRIBUTION SIZE FOR STABLE PROCESSES
Center OK, Center not OK, Center OK,
Capability OK Capability OK Capability not OK

Tolerance fisld

& i Tolerance fisld  Tolerance field

L

with modified pro

+ 1o
Diispersion fleld DPispesionTield . Dispersion field
e * '
. '
Not actions in place. Improve the center obtain Modified the process or revised the

cess target. | specification.

Table 3
DISTRIBUTION SIZE INSTABLE PROCESSES

Dispersion out of specified ‘ Dispersion in sp

limits, capability is good. capability is very good. limits, capability is not OK.

ecified limits, | Dispersion out of specified

instability and eliminate the
causes if is convenient from
cost point of view.

Find the root cause for Not action needed. Change the process or revised

the specification or find the root
cause for instability and
eliminate the causes if is
convenient from cost point of
view.

Typical situation for distribution for instable processes
= position and distribution of dispersion field are variable
in time and showed in table 3.

Validation of high frequency (HF) welding process of
polymers type Polyvinyl Chloride (PVC) using statistical
analyses

During validation of HF welding process of polymers type
Polyvinyl Chloride (PVC) using statistical analyses must be
respected the rules [11]:

-the materials must have constant characteristics (same
batch);

. Ekdin

290

-the process parameters must remain constant (no
adjustment);

-same operators, same quality inspector etc;

-same welding machine;

-same welding tool;

-same control method.

HF welding process input description [3]:

* Equipment:

- HF welding machine Herfurt Trumpf 15 000 with sliding
welding table (fig. 1);

Sermen Munel

Fig. 1. HF welding machine used
during experiment

e weldmp islkls

Hyilranke groog

20D hewy

Gemmrwiosr I7,120He

MATERIALE PLASTICE ¢ 45¢ Nr.3 ¢ 2008



- Symmetrical HF welding tool (fig. 2);

Flastic guiding system for PVO |
material positdon 3

!

ng Brass simetrical electrodes {

Hlastic guiding svstem for fabric
smaterial position

- Materials [2] (fig. 3):

Upper border PVC
05401

Fabrie material i

= Method:

The testing method used is PEUGEQT S.A. test method
D41 1033, which imposes the minim break force 35N/50
mm, according to figure 4.

Mat, 1 | | Mat?

Welding

Measurement device (fig. 5) was build up so that to
respect the method requirements. This has a fix part where
the sample is fixed with a pin and a sliding part which is
moving through a screw- nut technique.

Apply a traction load undl
the material starts te tear
and record the maxim

Fix the sample in

testing device value force,
30 mm

Main welding requests imposed (fig. 6) are:
a.Macroscopic appearance:

- Welding steps have to be visible and uniforms (1);
- Overlapping of PVC has to be max. 1mm (2);

P ————

Clontact arvea of
welding electrodes
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Fig. 2. HF welding tool used in experiment

Fig. 3. Macroscopic appearance of

welded part

Fig.4. Testing method sketch

Fig. 5. Testing device

Fig. 6. Geometry of welded structure
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b.Minimum brake force have to be 35 N / 50 mm
according to PEUGEQT S.A. test method D41 1033.
¢.PVC material has to bewell melted on entire surface

(fig. 7).

Fig.. 7. Distribution of melt material

Experimental results, statistical interpretation

With successive trials and checking of welding
according to customer requirements it was establish a
welding parameters condition which fit with customer
specification, presented in table 4.

Table 4
OPTIMAL VALUES OF WELDING PARAMETERS
Parameter type Parameter
Value
Power Iz [A] 5.0
‘Weld Time [z 2,2
Weld Pressure [bar) 5.0
Cooling time 5] 2,0
Cooling pressure [bar] 5.0

For validation and statistical analyses were welded 25
consecutive products and were drawn 3 samples with
50mm width from each part (from left and right 25mm
away from edges of welded join and from middle),
recording the break force according to described test
method.

The samples have to be careful identified with number
of part, position, date (figs. 8, 9).

25

Welding
joint

Fig. 8. Cutting location of samples

The resulted values were recorded in table 5 for
statistical processing being kept a constant process input.

We can visually observe that the breaking area is in
fabric material, so we can say that the welding joint as
mechanical strength higher than the basic material
mechanical strength.

According to statistical processing of measured values
defined during process we have the following observations:
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Part 25 |
!
ik

Fig. 9. Source of tested samples

-from process center diagram (Xbar, Xmed) we can see
that the HF welding process is stable from adjustment point
of view, so we can say that with the establish parameters
we reach the imposed requirements;

-the process is stable from precision point of view
according to the process stability diagram (R, R bar);

-the capacity indicators are in target according to 60

limits (Cp>1.67;Cpk>1.33)
Cp =4.07
Cpk = 2.366.

Starting from normal distribution curve of frequencies,
represented in figure 10, we can observe that:

-99.73 % from measurement points are into the normal
curve in central range = 60;

-99.73 % are included into the range = 80.
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Fig.10. Normal distribution curve of frequencies

For our process analyses we used 60 limits and we are
between, so we can say that we have 99.73% process
confidence.

In our situation we decided to control and monitor the
welding process at each 2 h according to method use
during validation PEUGEOT S.A. test method D41 1033 and
to record the values.

If the break force is outside the asked range (>35N),
the operator has to stop the production and to inform the
process engineer.

For a more confidence in the process we defined a
warning limit for break force at 45 N and in this case the
operators should continue the production, but they must
inform the process engineer to analyze the elimination of
the process variation.

For appearance request, during the validation have to
be used the sample approved by customer.

During welding process the process engineer and quality
engineer have to define boundary samples, OK samples,

MATERIALE PLASTICE ¢ 45¢ Nr.3 « 2008



¢y ssaa6ud 16 co_«m_.;mu sfielaae 1001 a6Nbs J0 anjga pajewsy

: TiTer

ic P RO £ =OF
#5'08 2P 1460y 49 =Dg
99€'7 )
#22'G

(g 101 -pauix) 'Ogs(pawiX-s1 Ui = 5dd
tebend3 pebiey

(i) 1) =d3

19 LcdD 10BIe ]

Aunqedes 8833009

D

(1] 33Ueai0] 18AN07

L3}

(1) aotwdeo ) 1eddn

WHUDS S §€ < 2310} ._».ohm.m

(y) abeioAg =18y i

18d-uE0 = ()OI e

PRW JRQCRINDT SSBO QU
1€Q°y L2V + PIwIEg-X =(HpI)IST

180-d y#0= (DS
3 '9UBA STCUES aunguuns.

18Q-Y L2V - PR IEQ-Y = (PRI —

pawy ‘2BeIRnR $3|dILES amyms

ST vZ ET T LT 0 BL 8L 2L 9L SV bLEL TV ML OL 6 8 2

18vHD (8 30NYY NOILYINYA

9 § ¥ €

T lsTrrerzz\zOTBLBLLLILSIPLELZLLLOLE 8 L. 9 S ¥ £ Z L

1dWHD (480-X)
ALIEYLS SS300%d HIINID $33008d
‘I¥6c_[vec |vbC V6 |F6C |v6C |F6C_|voz_|¥6e |V6C |vVEC |V6C |vbc_ |V6C |vec |¥BL |V6L |V6C |V 6e |V6L V6L |vBc |PBL |vBC_|F 6L B0 H0= (2051
0 0 ] ] 0 0 i ] 0 0 [0 [} 0 i ] i 0 0 0 0 i 0 0 1] 0 BG-3.£0 = (0o
£V |CO P |EOP6 |COPo |9 Pb |EOPE |CO b [COVD |COV6 |EO¥b [EO 6 |COP6 |EOWB [COP6 |CO v |t yb |9 bb |9 ¥b [£0F6 |cav6 |EO¥b |E9P6 (€9 bb |EO 6 |9 PB TeG-Y TV + pal 1607 =(IPoN)OS 1
€12 J€E JE4L ekl e e (€12 g [ead Je il (€2 jev Jend Je J€ie gt e [ [ Jehr Jee [ (€ e e 180ty (2 - paWl 48g-X = (IRSW)DIT
€3 |ce (€8 |e8 €8 [e8  |c8  |e8  [e8 (€8 [E@  |ee  jee g8 [e8  |ee  |e8 (€8 |e8  1¢8  1¢8  |es  |e8  |EB |8 (P3UI)aRE15AE = pall 1Bq-X
1 L 3 I 1T L il T v [ T 10 T 1l N il iv il 1L L 1L T 1 3 v () obeiane oy
[ 1z gL (e |t 3 €L oz [31  |c B [ 3 i [8r |g 3 3 3 €L |0z |v 0L [+ |ee d i) seduieg
€L |58 |2 |t8 i6 18 [eZ__ |ve |58 [ [ G - T ) 13 18 [€6 e8[54 |#8 16 128 [EL_|£8 palty ‘shrIane SARRUES
16w frse |6l |use  |tic  |wve  lsee  [ist |9 |EZz  |{vvC. [6ic |9ve  |9ec  |95¢  |£4¢  |ppC_ |BAC |9bC  |ScE |15t |Eiz  |svz |BiE|0ST uing sepdinig
15 |68 18 |88 [£6. |62 |cg  Jee |06 &6 |62 [s6 |6L  [¢8  Joe |6 |64 [%6  |eL lee s [&6 |82 CEES (4B £ giilies:
69 o6 |02 |¢6 o i@ 1ZF 13 6 |0E |28 16 |18 |22 6|06 |48 N PE A 6. (68 [s8 |02 |28 (Bipiiii) 7 Sjduies;
B9 12 |89 Joz 06 fesz oz 12 [6Z [0 |8z Jee (08 &4 [s& (o6 [er 6 o [oZ [ 16 [62 (e |0z (4| Biduies
NI 82104 @)¢alig painses|yl PIGIIHRIB I
| sz vz ez lzz[1zTozlaL[aL[/L[a[gi]pl] E_:_o:o_mm»_m_m_q_n_u_p s.._a..mm
i i i H i t H H i H i i H H i

SISATVYNY TVOILSILVLS ANV SINTVA LNINFINSVIN
GalqeL

NOK samples, which have to be used by operators during

production.

The capability analyses of process discover if is feasible
to have a higher uniformity of products starting from
process capability estimation, based on history and help

Conclusions

in cost analyze improvement, so that the process should

run at maximum possible capacity.

From economical point of view, it is very important to
avoid in the same time the cost for implementing an
excessive control in production in order to gain “an over

The technological parameters established during
validation of HF welding process for Polyvinyl Chloride
proved that this it is stabile from adjustment and precision
points of view according to quality requirements imposed

by customer for join welding.

quality” as well as to reduce and control of scrap rate and

of all other loses conducting to a “low level quality”.
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