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Visual Tests of Welded Joints Made of Thermoplastics

Abstract: The article describes visual tests of joints having varied thicknesses, made

of thermoplastics and welded using a manual extruder. The research-related tests

were performed following the principles specified in PN-EN 13100-1. Welding im-
perfections detected during the tests and the regulations of the PN-EN 16296 stand-
ard were used to identify the quality levels of the test joints.
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Introduction

Polymers also known as plastics are organic
materials made of carbon, hydrogen silicon, ni-
trogen, oxygen, sulphur, phosphorus and chlo-
rine. Polymers also include additions of dyes or
pigments, catalytic agents, fillers, softeners, ox-
idation inhibitors and other substances. Poly-
mers are synthetic materials usually made of
oil products [1].

In the global economy, products of all shapes
and dimensions made of polymers increasingly
often replace metals. In many cases, such prod-
ucts must be joined using welding techniques.
For instance, welded joints made of thermoplas-
tics are used when making gas and cold water
pipelines, flue gas desulphurisation plants, ven-
tilating ducts, sewage treatment plants etc. [1, 2].
Similar to tests involving welded joints made of
metals, the primary method used when assess-
ing the quality of welded joints made of ther-
moplastics is visual testing. The fact that the
above-named issue is relatively new inspired
work aimed to make NDT personnel familiar
with principles regulating this area.

Principles of Visual Tests

The principles governing visual tests of welded
joints made of thermoplastics are presented in
PN-EN 13100-1. According to the above-named
requirements, it is required that the illumination
on the joint surface be a minimum of 350 Ix, yet
its recommended value amounts to 500 Ix. The
test surface should be made accessible in a man-
ner enabling the direct observation along the en-
tire weld at a distance not longer than 600 mm.

Remote tests involving the use of optical
equipment for the inspection of openings us-
ing the fibre optic technique or cameras should
be treated as additional requirements estab-
lished in the product-related standard (stand-
ard concerned with application) or agreed
between concerned parties. If it is necessary
to obtain high contrast and to highlight joint
properties in relation to the base, an addition-
al source of white light can be used. In accord-
ance with PN-EN 13100-1, assessing personnel
should know related standards, specification
and the welding technique applied when mak-
ing a given joint as well as have good vision
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tested in accordance with the requirements of
PN-EN 150 9712. Visual tests of welded joints
made of thermoplastics are usually performed
after the completion of welding (Fig. 1).

Fig. 1. Exemplary welded joints made of thermoplastics
prepared for a visual test [2]

Exceptionally, e.g. if required by a prod-
uct-related standard or agreement between
concerned parties, tests can be conducted dur-
ing other phases of the production process. The
scope of tests should be specified before their
performance. The assessing person should be
provided with necessary inspection and pro-
duction-related documentation. The visual as-
sessment of elements prepared for welding (if
necessary) should also involve the verification
whether the shape and dimensions of elements
satisfy requirements specified in related stand-
ards (e.g. in PN-EN 13067). If need be, a joint
could be subjected to assessment during the
process of welding. Ready-made joints should
be assessed each time after the performance
of surface treatment. The assessment should
focus on whether requirements specified in
agreed acceptance criteria (e.g. quality levels)
have been satisfied. Imperfections in welded
joints made of thermoplastics and detected us-
ing visual tests are presented in Table 1 (devel-
oped on the basis of classification provided in
PN-EN 14728).

The test joints were made using hot gas
welding or extrusion welding in relation to
the following group of materials Pvc-c, Pvc-u
(including Pvc-Ni, Pvc-rL, Pvc-HL), PP
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(including Pp-B, Ppr-H, PP-R), PE, PVDE, ECTFE,
FEP and PrA.

Individual Research

The above-presented principles underlay re-
search work involving the performance of
visual tests of test butt joints made of polypro-
pylene plates having various thicknesses.

Test Joints

The test joints were made of natural polypropyl-
ene Pp-H (manufactured by Denoplast) char-
acterised by a density of 0.92 g/cm?, fusibility
coefficient of 0.6 g/10 min (according to MFR
190/5), tensile strength 30 MPa, Shore hardness
68, elongation of min. 8%, coeflicient of longi-
tudinal elasticity amounting to min. 950 MPa
and a toughness of 11 mJ/mm?.

The polypropylene plates were used to make
test joints being 10, 15 and 20 mm thick (each).
The edges of the 10 mm thick plates were
scarfed in a manner enabling the obtainment of
a V-shaped weld groove having an angle of 70°,
whereas the edges of the 15 mm and 20 mm thick
plates were scarfed in a manner enabling the ob-
tainment of an X-shaped weld groove having an
angle of 60°. The plate edges were smoothed us-
ing a scratcher and a scraper. The smoothed sur-
faces were subjected to degreasing. The process
of continuous welding performed by means of
the manual extruder was conducted using a bead
thickness of up to 15 mm, a plasticised mass tem-
perature of 230°C, a hot air temperature of 300°C
and a hot air flow rate of min. 300 I/min. The fill-
er material used in the tests was a TTIPPLEN H890
rod having a diameter of 4 mm and was charac-
terised by a tensile strength of 38 MPa, elonga-
tion of 13%, toughness of 11 mJ/mm? and by the
coeficient of longitudinal elasticity amounting
to 1300 MPa. The joints subjected to the visual
tests are presented in Figure 2.

Visual Tests and Results

Ready-made joints should be assessed in ac-
cordance with adopted (agreed requirements),
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Table 1. Imperfections (detected using VT) present in welded joints of thermoplastics according to PN-EN 14728

No. Reference | Imperfection Description Sketch
number name
] LAAAA Crack Gap in the continuity of Weld material
or base material
Crack at the —
) VVIAK || esinsiosend Crack between the beginning and the end
of the weld run
of arun
Group of
3 1AAJA unconnected Set of variously directed unconnected cracks
cracks
4 LABAA Longitudinal Crack, the primary direction of which is close
crack to the longitudinal axis of the weld
i
Transverse Crack, the direction of which is more or less v
5 | 1ACAA . S %
crack perpendicular to the longitudinal axis of the weld | (- \/ x;
6 1AFAA | Branched crack Group of interconnected branched cracks
7 2AAAA Gas cavity Open or closed space
8 2BAMF Pores Small gas pores reaching the surface
Cracks constituting an area of microrough material,
. caused by stresses and/or a chemical, leading to the
? 2DAAA Microcracks (local) formation of a white fracture; visible only _
under the microscope
Lack of In hot gas welding or extrusion welding —
10 | 4CAAG . penetration of the weld material in the joint
penetration .
below a specific value
11 4DAAG Excess1ye Excess material in the weld root
penetration
12 4EAAF Undercut Lack of material on weld edges
Groove in
13 AQBAF upset material | Excessive depth of the groove in the run or in the //
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weld, parallel to the longitudinal axis of the run/weld
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Reference

Table 1. (continuation)

No. Imperfection name Description Sketch
number
Groove in upset ma- . . .
14 | 4QCJB | terial or excess weld Transverse groove in the weld run, in the axis
. of the weld of an element formed by spatter
material
15 | 5AAAA Defective shape Deviation from required weld geometry -
Excess weld on the surface of the base materi-
16 | SDAAA Weld overlap al, without connecting with the base material |
Deviation from specified tolerances
17 | 5EJAA | Linear misalignment concerning the displacement of planes
between two elements being welded
18 | SEKAA Angular misalign- Deviation from a spec1ﬁed angle
ment between two elements being welded
19 | 5GAAA R Excessive fluctuations in the width of weld
or run
Irregular weld sur- . .
20 | SHAAA | face (great rough- Excessive change in weld' surface
(roughness, corrugation)
ness)
Improper weld di- L . . .
21 | 6AAAA : Deviations from required weld dimensions -
mensions
22 | 6BAAA Excess rrici)ell‘tlen mate- Excessive height of excess weld material m
23 | 6FAAA Incomgliloe(t)ilz il Local or continuous lack of weld material mx‘m
Improperly restarted Local surface irregularities in the area Eres _"':_I', e
24 | 7GAAA
weld of weld restart
25 | TTAAA Tt vkl Intersecting weld layf-’:rs in ho't gas welding Hfl-iii[lﬂi[g:ﬁlﬁt[ﬂtﬂi
and extrusion welding =
26 | STCGE TransS\;zrlsees weld Excess surface scal:lsd(i:aves) in extrusion Ill/
welding .
27 | 9AAAA | Mechanical damage Local damage I,I//
28 | 9CAAA Tool imprint Local damage caused by the tool Ill/
R
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e.g. such as Guidelines by Office of Technical 16296. The definitions of adopted requirements

Inspection no. UDnT-sT-1/00 entitled Fusion and are presented in Table 2.
The test results in the form of visual test re-

Pressure Welding of Thermoplastics. The indi-
vidual research and research-related tests uti- ports are presented in Figure 3. The visual test
lised the recommendations specified in PN-EN reports revealed that, in accordance with the

a)

b)

<)

Fig. 2. Face and root-side view of a) 10 mm, b) 15 mm and c) 20 mm thick joints made of polypropylene
and subjected to visual tests

Table 2. Requirements of quality levels related to joints made of thermoplastics welded using a manual extruder and
subjected to visual tests

No. | Designation Name Quality level B Quality level C Quality level D
1 1AAAA Cracks Unacceptable Unacceptable Unacceptable
2 2DAAA | Microcracks Unacceptable Unacceptable Unacceptable
3 4BAAA Incon'lplete Unacceptable Unacceptable Unacceptable
fusion
Acceptable only if the
difference between
Lack of pen- actual and required
4 4CAAG P Unacceptable Unacceptable penetration is less than
etration i
10% of the material
wall thickness, yet not
greater than 1 mm
Acceptable (only in Acceptable (only in Acceptable (only in
PE and PP) if its size | PE and PP) ifits size | PE and PP) if its size
5 ADAAG Excessive | is restricted within the | is restricted within the | is restricted within the
penetration | range of 10% to 25% range of 5% to 30% range of 0% to 40%
of the material wall of the material wall of the material wall
thickness thickness thickness
Acceptable locally if | Acceptable locallyif | Acceptable locally if
the toe angle is gentle | the toe angle is gentle | the toe angle is gentle
6 AEAAA Undercuts and if they do not ex- | and if they do not ex- | and if they do not ex-
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ceed 10% the material
wall thickness, yet not
more than 1 mm
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ceed 10% the material
wall thickness, yet not
more than 2 mm

ceed 20% the material
wall thickness, yet not
more than 3 mm
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Table 2. (continuation)

No. | Designation Name Quality level B Quality level C Quality level D
Groovein | Acceptable locallyif | Acceptablelocallyif | Acceptable locally if
upset ma- the groove bottom the groove bottom the groove bottom

7 4QAAA terial or in is located above the is located above the is located above the
excess weld | surface of the material | surface of the material | surface of the material
material being welded being welded being welded
Recommended me- Recommended me- Recommended me-
8 SAAAA Defective chanical testing of chanical testing of chanical testing of
shape welded joints speci- welded joints speci- welded joints speci-
mens mens mens
Acceptable locally if | Acceptable locally if
9 5DAAA | Weld overlap Unacceptable .t}.le length of the e .t}.le length of the e
joined weld overlap is | joined weld overlap is
shorter than 5 mm shorter than 10 mm
Linear mis- Acceptable if not Acceptable if not Acceptable if not
10 5EJAA Alienment exceeding 10% of the | exceeding 20% of the | exceeding 30% of the
& material wall thickness | material wall thickness | material wall thickness
Angular mis- | Acceptable if not ex- | Acceptable if not ex- | Acceptable if not ex-
11 5EKAA - . . . °
alignment ceeding 0.60 ceeding 1.00 ceeding 1.5
12 5GAAA Irre.gular Acceptable oo Acceptable Acceptable
width in single segments
Irregular
13 5HAAA weld sur- Unacceptable Unacceptable Unacceptable
face (great
roughness)
h Accep ok Acceptable if the Acceptable if the
eight of excess weld hei .
. . eight of excess weld | height of excess weld
material is restricted . : o e .
Excess within the rance of material is restricted | material is restricted
14 6BAAA | molten ma- & within the range of 5% | within the range of 0%
. 10% to 30% of the ma- . .
terial . . to 40% of the material | to 50% of the material
terial wall thickness, . .
wall thickness, yet not | wall thickness, yet not
yet not more than 6
more than 8 mm more than 10 mm
mm
15 6FAAA Incompletely Unacceptable Unacceptable Unacceptable
filled groove
Acceptable small Acceptable small
Improperly cross-sectional reduc- | cross-sectional reduc-
16 7GAAA re::fzitied Unacceptable tions and the lack of | tions and the lack of
steep toe angle steep toe angle
17 7VAAA Inti\rrzfg‘;mg Unacceptable Unacceptable Unacceptable
18 8VAAA Tran§verse Acceptable if present Acceptable Acceptable
waviness in single segments
Acceptable locally if | Acceptable locallyif | Acceptable locally if
the imprint bottom the imprint bottom the imprint bottom
is not sharp and its is not sharp and its is not sharp and its
19 9CAAA | Tool imprint |  depth is shallower depth is shallower depth is shallower
than 10% of the mate- | than 10% of the mate- | than 15% of the mate-
rial wall thickness, yet | rial wall thickness, yet | rial wall thickness, yet
not exceeding 0.5 mm | not exceeding 1.0 mm | not exceeding 2.0 mm
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e 1 U MRS B Swona: 12 LABORATORIUM BADAN NIENISZCZACYCH w
= Strona: 12
PROTOKOL BADAN WIZUALNYCH g PROTOKOt. BADAN WIZUALNYCH

Data: 02.03.2047

Data 02.03.2017

WARUNKI PRZEPROWADZENIA EADAN WIZUALNYCH

WARUMNKI PRZEPROWADZENIA BADAN WIZUALNYCH

Norma/Procedura badawcza: PN-EN 13100-1
Nr identyfikacyiny, PP-H10/1
Przedmiot badan: Zlgcze doczolowe plyt 2 tworzywa termoplastycznego

Zakres badan_ 100% spoiny +SWC (10 mm z kazdej strony spoiny )
w zakresie od A do B - badanie od strony lica i grani

N identyfikacyiny. PPH/152

I
W N o=

3. Infermacie dotyczace obiekiv badan: 5. Informacje dotyczace obiekt badar
a) gatunek matenatu podstawowego1 jego grubosc: PP-H - 10mm
b) gatunek matenalu dodatkowego do spawania: TIPPLEN H8%0
c) metoda spawania’ Ekstruder reczny

MNorma/Procedura badawcza: PN-EN 131001

Przedmiot badan. Zlgcze doczolowe plyt z tworzywa termoplastycznego

Zakres badan. 100% spoiny +SWC (10 mm z kaidej strony spoiny )
w zakresie od A do B - badanie od strony lica i grani

a) gatunek materialu podstawowego i jego gruboéé: PP.H - 15mm
b) gatunek matenalu dodatkowego do spawamia: TIPPLEN HE90
c) metoda spawania: Ekstruder reczny

WARUNKI PRZEPROWADZENIA BADAN WIZUALNYCH
Norma/Procedura badawcza, PN-EN 131001
Nr identyfikacyiny. PP-H/20/3
Przedmiot badan Ziacze doczolowe plyt z tworzywa termoplastycznego

Zakres badari. 100% spoiny +SWC (10 mm z kakdej strony spoiny )
w zakresie od A do B - badanie od strony lica i grani

5. Informacse dotyczace obrekiu badan
a) gatunek matenat podstawowegoi jego grubosc: PP-H - 20mm
b) gatunek matenaku dodatkowego do spawania: TIPPLEN H3%0
c) metoda spawania: Ekstruder reczny
d) rodzaj #acza spawanego i sposob jego ukosowania: BWIX
e) opis stanu pomerzchni: po spawaniu - oczyszczona
6. Informacie dolyczace krytenum odbioru. wymagania PN-EN 16296
7. Informace dolyczace warunkow prowadzenia badan.
a) natezenie oSwietlenia - 870 Ix
b) odlegios¢ pomigdzy okiem a powierzchnig badang: max 600 mm
c) kal patrzenia: min 30°
8 ; y )
a) suwmiarka zwykla nr 1K154
b) spoinomierz typu SPA40
c) szklo powigkszajace 3x
d) luksomierz LX52
¢) katomierz
f) przymiar liniowy
9. Ocenawg. PNEN 16296
10. Odstepstwa od procedury. Brak
11. Uwagl, Wyniki badan - verte

LN

Wykonujacy badania Kierownik Badari
mgr inz. Stawomir Sikora mgrinz. Janusz Czuchry)
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d) rodza) Zacza spawanego | sposob jego ukosowania: BWIV d) rodzaj ztacza spawanego i sposob jego ukosowania: BWIX
€) opis stanu powierzchni: po spawaniu - oczyszczona €) opis stanu powierzchni: po spawaniu - oczyszczona
§. Ifomacie.dobecaca keviadum actions. wymagenis PHLEN 16206 6. Informacje dotyczace krytenum odbioru: wymagania PN.EN 16296
a) natgzenie odwietlenia ' 870 Ix a) na:q:sn ie ofwietlema 8?0 I:
b) odleglosc pomigdzy oliem a powierzchmig badang: max 600 mm b) odlegiosé pomigdzy okiem a powierzchnia badana’ max 600 mm
) kat pa.u:oma min 30° c) kat patrzenia: min 30°
a el NI AL r =
8. WyposaZenie badawcze do badan wizualnych.
a) suwmiarka z\m*- nr llﬂ-'H a) suwmiarka zwykla nr IK154
b) spoinomierz typu SPA40 b) spoinomierz typu SPA40
<) szklo powigkszajace 3x c) szklo powigkszajace 3x
d) luksomierz LX52 d) luksomierz LX52
) katomierz ) katomierz
f) przymiar liniowy f) przymiar liniowy
9. Ocenawg. PNEN 16296 9 Ocenawg. PNEN 16296
10.Odstepstwa od procedury: Brak 10. Odstepstwa od procedury. Brak
11. Uwagi. Wyniki badarh - verte 11 Uwagi. Wyniki badar - verte
Wykonujacy badania: Kierownik Badari: Wykonujacy badania: Kisrownik Badan:
mgrinz. Stawomir Sikora mgrinz. Janusz Czuchry) mgr inz Stawomir Sikora mgrinz Janusz Czuchryj
SEXTOR WYRCEBU
e LABORATORIUM BADAN NIENISZCZACYCH .t
. Strona: 12
PROTOKOL BADAN WIZUALNYCH
Data 02.03.2017

Fig. 3a. Visual test reports
concerning the welded
joints made of 10, 15 and
20 mm thick thermoplastic
plates (grade PP-H): test
conditions
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Fig. 3b. Visual test reports concerning the welded joints made of 10, 15 and 20 mm thick thermoplastic plates

(grade PP-H): test results
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PN-EN 16296 standard, all of the test joints made
in thermoplastic Pp-H were classified as failing
to meet quality level b, customarily designat-
ed as NsD.

Analysis of Test Results

The analysis of the visual test reports (Fig. 3) re-
vealed that the 10 mm thick joint (identifica-
tion number Pp-H/10/1-A representing the weld
face and Pr-H/10/1-B representing the weld
root) was, over its entire surface, character-
ised by the presence of welding imperfections
in the form of the incompletely filled groove
and angular misalignment. Because the lack
of the completely filled weld groove, the joint
was classified as failing to meet the require-
ments of quality level b (lowest). In turn, the
above-named angular misalignment classified
the joint as meeting the requirements of quality
level c (intermediate). The imperfections pres-
ent in the joint could be attributed to the im-
proper pre-weld preparation of the joint as well
as to the inaccurately performed welding pro-
cess, which in turn, demonstrated the insuffi-
cient training of the welder as well as the lack
of professional supervision over welding works.

The 15 mm thick double-sided butt joint
(identification numbers Ppr-H/15/2-A and
Pp-H/15/2-B) was also classified as failing to
meet the requirements of quality level D (NSD).
The reason for the above-named assessment
was the irregular weld surface (welding imper-
fection) visible on the excess weld material of
the test joint. The weld surface areas recorded
in the test report were characterised by exces-
sive, i.e. unacceptable, roughness.

The surface of the 20 mm thick joint (identifi-
cation numbers Pp-H/20/3-A and Pp-H/20/3-B)
contained unacceptable welding imperfections
including an incompletely filled groove, irreg-
ular weld surface and a tool imprint. Each of
the above-presented imperfections classified
the joint as failing to meet the requirements of
quality level p (NsD). In addition to the previ-
ously provided reasons behind the formation of

No. 3/2017
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imperfections, in the case under discussion the
imperfections could also be ascribed to the im-
proper use of workshop tools resulting in dam-
age to welded surfaces and the formation of the
imperfection unacceptable in terms of joint op-
erationality. The foregoing also revealed the low
technical culture demonstrated by the produc-
tion process personnel.

Summary and Conclusions

Non-destructive tests involving joints made of
thermoplastics constitute a relatively new issue
in the area of technical diagnostics. This fact
inspired work aimed to introduce to NDT per-
sonnel principles governing this area. The re-
search-related tests focused on visual testing, i.e.
a primarily recommended method when veri-
tying the quality of all welded joints.

The visual tests of the test butt joints made
of polypropylene plates having various thick-
nesses were performed in accordance with the
requirements of PN-EN 13100-1. The accept-
ance criterion was based on the requirements
of PN-EN 16296 concerned with the limit val-
ues of welding imperfections present in weld-
ed joints made of thermoplastics in relation to
quality levels B, c and D as well as taking into
consideration the joining technique involving
the welding process performed using a man-
ual extruder. Similar to PN-EN 150 5817, quali-
ty level B represents the highest, quality level b
the lowest, whereas quality level c represents
the intermediate requirements.

The visual tests of the test joints revealed
that all of the joints were characterised by low
workmanship. The lack of sufficient experi-
ence of the welding of thermoplastics, the in-
adequate training provided to the welder and
the improper use of production tools led to
the formation of unacceptable surface welding
imperfections in the test joints. As a result, all
of the joints were classified below the require-
ments of quality level . The acceptance of the
joints for operation would require the removal
of the imperfections. After the repair, the joints
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should be subjected to visual tests maintaining
the acceptance criteria related to ready-made
joints. The performed tests demonstrated that
the visual inspection of welded joints made of
thermoplastics is a highly problematic issue.

The practice applied when assessing welded
joints made in metals cannot be directly used
when evaluating welded joints made of plas-
tics. It can be concluded that training aimed to
prepare a competent VT operator should also
include issues related to the joining of thermo-
plastics by means of welding methods and that
the above-named problems should be reflect-
ed in training programmes prepared for NDT
personnel.

The tests justified the formulation of the fol-
lowing conclusions:

— The quality of the welded joints made of poly-
propylene and subjected to visual tests was
classified as “NsD”, which demonstrated the
low workmanship of the joints.

— Visual tests of welded joints made of thermo-
plastics are highly difficult.

— Training provided to vT operators should in-
clude knowledge concerning the joining of
thermoplastics using welding methods.

— Information concerning technologies used in
the joining of thermoplastics should be includ-
ed in training programmes for vT operators.
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— PN-EN 150 9712: Non-destructive testing - Qual-
ification and certification of NDT personnel

— PN-EN13067: Plastics welding personnel. Qual-
ification testing of welders. Thermoplastics
welded assemblies

- PN-EN 14728 - Imperfections in thermoplastic
welds - Classification

— PN-EN13100-1: Non-destructive testing of weld-
ed joints of thermoplastics semi- finished prod-
ucts. Part 1: visual examination

- PN-EN16296: Imperfections in thermoplastics
welded joints. Quality levels

- PN-EN 150 5817: Welding - Fusion-welded
joints in steel, nickel, titanium and their al-
loys (beam welding excluded) — Quality levels
for imperfections

No. 3/2017



http://bulletin.is.gliwice.pl/
http://creativecommons.org/licenses/by-nc/3.0/

