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LOCATION OF THE ADHESIVE PATH IN JOINTS OF THIN CAR BODY SHEETS
Summary

Bonding technology is one of the oldest technotogiejoining car body elements. Bonding steel @ medustrial condi-
tions may cause various incompatibilities in thimfe area. The main ones consist in the lack ofea@tin and no adhesive
in the area of the joints. Currently there are daestive methods of controlling adhesive joints thequire destruction of
the joint. Destruction of joint generates signifitacosts especially when assessing joints in cowiaiarehicles. However
assessment on vehicles being repaired or operatadti possible, because it causes total destructfdhe joint. As a part
of the work it was decided to check whether thesttund echo technique would enable locating tlaesas in the vehicle
body in which there is no adhesives or lack of adireoccurs - not only on prepared samples but afsthe element - the
door of a currently produced car vehicle. The waic measurements were verified during the desticontrol of adhe-
sive joint in the doors of a motor vehicle. Thageonfirmed that the proposed measures of quatigble the location of
the adhesive path between the two body shells.
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LOKALIZACJA SCIEZKI KLEJU W POt ACZENIACH CIENKICH BLACH
KAROSERYJNYCH

Streszczenie

Technologia klejenia jest jedrz najstarszych technologijdzenia elementéw karoserii pojazdéw samochodovKiehe-

nie stali w rzeczywistych warunkach przemystowyoferpowodowa rézne niezgodnéei w obszarze pgtzenia. Gtéwne

z nich to deadhezja oraz brak kleju w obszarzezaakgo pajczenia. Obecnie funkcjoruniszczce metody kontroli pot

czei klejowych, ktére wymagagniszczenia patzenia. Zniszczenie paizei generuje znaczne koszty, szczegolnie w przy-
padku oceny patzei w pojazdach dostawczych. Nie utfiviiajqg one jednak oceny na pojazdach naprawianych lub eks
ploatowanych, poniewtgpowodug catkowite zniszczenie peizenia. W ramach realizowanych prac postanowiomavsp
dzi¢ czy ultradwiekowa technika echa urlwi zlokalizowanie tych obszaréw w karoserii, Wrgich brakuje kleju lub na-
sigpita deadhezja — nie tylko na spreparowanych prébkale réwnié na elemencie rzeczywistym — drzwiach wspétcze-
snie produkowanego pojazdu samochodowego. Wykornaioe gostaly zweryfikowane w czasie kontroli nigzejzpok-

czei klejowych w drzwiach wspoétczesnego pojazdu santwetego. Przeprowadzone badania potwierdzigyzapropono-
wane miary jakéci umaliwiajq lokalizacg sciezki kleju medzy dwiema blachami karoseryjnymi.

Stowa kluczoweklejenie, nadwozie pojazdu, stal, adhezja

1. Introduction

During the production stage of car body elemecabs
for farm tractors and heavy machinery various jugniech-

reflection and refraction of ultrasonic waves. Btidn the
ultrasound transducer the piezoelectric converésrecates
ultrasonic waves. This wave passing through theplaog
medium propagates through the metal sheet andesdbh

nologies are used [8-10]. The most common methoels a joint (sheet — adhesive area). Part of the wave vl re-

welding, braze welding, laser welding, bonding asmbt

welding. In some cases combined techniques are esgd
spot welding and bonding or bonding and braze weldi
Taking in to account not only the production of ioéds but

also the work related to their repair and mainterasome
problems with the assessment of the quality of sidke
joints are noticed. The main discrepancies founddhe-

sive joints are in practice: no adhesive in thatjaind lack
of adhesion [4-5, 9].

There are destructive methods to control the tyual
adhesive joints which are successfully used in strial -
manufacturing conditions. However these methodshato
allow assessment of the joints on repaired or dpéreehi-
cles because they cause total destruction of tim [j6-7,
11]. As part of the work it was decided to checkettier
the ultrasonic echo technique enable location e$¢hareas
in the car body in which there is no adhesivesok bf ad-
hesion occurs. Ultrasonic echo technique was useithgl
the research. This technique is based on the phemeof
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flected from the joint area and some part will [@gate into
the adhesive where it will be dampened. The wafleated
from the joint area will return to the piezoelecttrans-
ducer as a result of pulses which will appear an ftaw
detector screen.

When the ultrasonic transducer is selected foeaeh
one should take into account its near field, dammnd
wavelength in the tested material. The transduceuls be
chosen taking into account the expected defectshwaie
located outside the near field. Reduction of theelength
increases the resolution of the measurement sy$tenthe
most commonly used ultrasound probes with a frequen

2 and 4 MHz the wavelength in steel is 3 and 1.5. mm

When elements with a thickness less than 1 mmested
this wavelength is definitely too high. A wavelemgbf
about 0.3 mm will be obtained for an ultrasonimsducer
with a frequency of 20MHz and this probe has bdesen
in research of thin steel sheets. Due to the dead of the
ultrasonic transducers a probe with a water detay Was
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used. The distance from the transducer to the nmemebis
from 14 to 16 mm for this probe.

The ultrasonic measure of the adhesive joint guain
be the acoustic pressure of the longitudinal uttneswave
incident on the converter of the ultrasound probeduin
adhesive joint testing. The acoustic pressure ef ultra-
sonic wave depends on the quality of the testedt.jdihe
higher the quality of the tested joint, the higleeergy of
the ultrasonic wave passes through this joint. h&t same
time a smaller part of the ultrasonic wave energy e
reflected from this joint. The acoustic pressurehef ultra-
sonic longitudinal wave reflected from the borddrtlme
high-quality joint affecting the ultrasonic transeu will be
relatively low. Lower acoustic pressure will gerterbower
voltage on the ultrasonic transducer which is otéd. It is
shown as smaller amplitudes of the wave pulsesirsita
on the screen of the ultrasonic flaw detector. tandard
ultrasonic tests probes with a water delay linerareused.
The use of a water delay line and a flexible meméra
causes a high impact of the transducer pressur¢hen
height of individual pulses. For this reason irttier works
the heights of the first four pulses and the nundfgrulses
from the joint area were recorded. The height dégaiis
greater than 20% of the flaw detector screen héight

The ultrasound tests of adhesive joints carriedsoufar
focused primarily on the detection of defects imt® [1].
One of them is kissing bond in which the adhesaxet is
not fully bonded to the substrate. This type ofrmutions
by ultrasound was investigated by the authors efwiiork
[2]. Cracks are another example of defects in adbes
joints. Defects of this type can also be localibgdultra-
sound [12]. Another direction of nondestructive esitie
joints research is to study the properties of tietjitself.
Ultrasonic technique allows testing properties ofhbthe
adhesive and the joint [3]. Nevertheless, the astbb this
publication did not encounter non-destructive tetbtat
would allow to locate an area with no adhesivehim jpint
of thin car body sheets.

The main goal of the research is to apply the sitwad
echo method (nondestructive technique) for locatibthe
adhesion between the car body plates of contemppees-
senger cars.

2. Experimental tests

The ultrasonic flaw detector USLT2000 made by Kra-

kutkramer company was used in the research alotigami
ultrasonic probe with a frequency of 20MHz. It wae-
cided to choose such a measuring system becaiseaiit
apparatus that is dedicated to the examinatiorerhents
of small thickness and allows testing elements withick-
ness less than 1 mm.
The research consisted of two basic stages. Téiestinge -
the experimental study - was aimed at determinirgsn
urement errors, the impact of ultrasonic flaw dietecet-
tings and preparation of the surface to be bondetthe test
results. In order to estimate the measurement ,efi@®
measurements were conducted with a 3 mm diameter
converter in the presence and without adhesivéénjdint
area. Also the confidence interval L0.9 was calealaThe
results are presented in Table 1 and Table 2 [4].

At a later stage of the work it was checked hoevlh-
sic settings of the flaw detector affect the resalbtained
during the tests. Each time during the measuremiets
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gain of ultrasonic wave was changed. The first mesas
ment was carried out with the smallest gain whicdenit
possible to obtain the correct image on the flawecter
screen. The last measurement was made at the higgias
which the pulse useful for the ultrasonic examoratiests
was obtained. In these measurements gain, the muofibe
pulses, the height of the first four pulses frora #ieas of
the joint were obtained. A gain of ultrasonic waN&®.5 dB
was assumed. All obtained results are present@adlihe 3.
The influence of the gain on the number of pulsesia the
height of the first pulse is shown in Figs. 1 and 2

Table 1. Determination of the measurement errortffier
transducer with a diameter of converter 3 mm inptee
where the adhesive was applied

Tab. 1. Wyznaczeniegd pomiarowego dla gtowicy soedni-
cy przetwornika 3 mm w miejscu, w ktorym fadm klej

[IX Ox t e
n[ 11 0.66 1.66 1.10
1] 0.91 0.06 1.66 0.11
11 [-] 0.74 0.08 1.66 0.14
1l [-] 0.58 0.07 1.66 0.11
IV [] 0.46 0.05 1.66 0.09
where: n — number of pulses; I, I, lll, IV — hetgtf pulses:

first, second, third and fourth

Source: own elaborationZrédio: opracowanie wiasne

Tab. 2. Determination of the measuring error fa ttans-
ducer with a diameter of converter 3 mm in a platere
no adhesive was applied

Tab. 2. Wyznaczenie ¢olu pomiarowego dla gtowicy
o srednicy przetwornika 3 mm w miejscu, w ktérym r@e n
lozono kleju

[1X Ox t e
n 22 3.24 1.66 5.37
[ 0.94 0.03 1.66 0.06
Il 0.85 0.04 1.66 0.07
1] 0.77 0.04 1.66 0.07
[\ 0.71 0.04 1.66 0.07
where: n — number of pulses; I, II, Ill, IV — hetghf pulses: first,

second, third and fourth

Source: own elaborationZrédio: opracowanie wiasne

The influence of the gain on the height of the firs
pulse

&0 65
Gain of the pulse [dB]

75

Source: own elaborationZrodio: opracowanie wtasne

Fig. 1. Impact of the ultrasonic wave gain on tlegght of
the first pulse on the flaw detector screen

Rys. 1. Wptyw wzmocnienia impulsu fali ulthagkowej
na wysoke¢ pierwszego impulsu na ekranie defektoskopu
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Impact of gain on the number of pulses

Number of pulses [-]

65 70 75

Gain of the pulse [dB]

Source: own elaborationZrodio: opracowanie wiasne

Fig. 2. Impact of ultrasonic wave gain on the numbg
pulses on the flaw detector screen

Rys. 2. Wplyw wzmocnienia impulsu fali ulthadkowej
na liczke impulséw na ekranie defektoskopu

Table 3. Test results obtained during measuremetite
gain was increasing by 0.5 [dB] for the area incakhho
adhesive was applied

The obtained results confirmed that in the casanofil-
trasonic probe with a frequency of 20MHz with a evade-
lay line no significant effect of the gain on thistained re-
sults was observed. At the same time it was fotad the
measurement error for areas with adhesive is smidlén
for areas without adhesive.

In the further part of the work it was checked thee
the surface preparation affects the ultrasonic waamame-
ters. Four zones were designated on steel sheethand
points that correspond to the places of measuremette
other side of the sheet were marked (Fig. 3). In filst
(measurements from 1 to 6) a small amount of o8 ap-
plied to the plate which can be left after stampamgcess.
In the second zone (measurements from 7 to 129ithen
which the adhesive was applied to the sheet. Inthird
zone (measurements from 13 to 18) adhesive wagdppl
the sheet. In the fourth (measurements and 19 Yol
coupling medium Karl Deutsch was applied. The measu
ments were carried out on one sample becauserimgiesd

a homogeneous sheet structure. The adhesives osed f

joining car body plates are strongly damping. Thults in
the fact that the thickness of the adhesive - afpin ac-
cordance with the guidelines of the adhesive manufar -

Tab. 3. Wyniki pomiarowzyskane w czasie pomiaréw przy qoes not affect the results of the ultrasonic mesasants.
zwigkszaniu wzmocnienia o 0.5 [dB] dla obszaru, w K®ry A\ work was carried out at 20°C in an air-conditim

nie nat@ono kleju

room. The results are presented in Table 4.

No | W[dB] | n[] | 1[%] | II[%] | Nl[%] | IV[%]
1 59.0 19 0.93 0.81 0.64 0.63
2 505 20 0.82 074 0.65 0.60 Table 4. Evaluation of the effect of surface pragian for
3 60.0 20 1.00 0.89 0.80 0.65 bonding on selected parameters of ultrasonic walsep
2 605 20 0.98 0.87 0.73 0.69 Tab. 4. Ocena wplywu przygotowania powierzchni lge k
5 610 19 0.98 087 077 0.62 jenia na wybrane parametry impulsow fali ultéadekowej
6 61.5 18 0.97 0.84 0.75 0.65 Area Measur_e- n | I m Y,
7 62.0 19 0.91 0.83 0.66 0.64 ment point
8 62.5 22 1.00 0.91 0.82 0.73 1 16 | 0.90 | 0.82 | 0.69 | 0.59
9 63.0 19 0.94 0.83 0.71 0.67 = 2 16 | 0.96 | 0.82 | 0.76 | 0.64
10 63.5 20 0.96 0.82 0.74 0.63 % 3 16 | 093| 083 | 0.71 | 0.61
12 64.5 19 0.90 0.81 0.72 0.63 Z 5 15| 095 | 083 | 0.70 | 0.54
13 65.0 22 0.96 0.89 0.81 0.74
14 65.5 22 0.94 0.84 0.71 0.72 TS © 18 || Qg || ©En ]| B | ey
15| 660 | 21| 099 o087 o078 0.66 %3 7 11/1.00| 0.84| 0.63 | 049
16 | 66.5 22| 098] 0.84 0.78 0.75 sE£%5 8 101 100| 081 0.66 | 0.52
17 67.0 23 0.86 0.82 0.73 0.67 ié § 9 10 | 1.00 | 0.92 | 0.67 | 0.53
18 67.5 22 0.87 0.77 0.72 0.65 gé o 10 10 | 1.00 | 0.80 | 0.62 | 0.48
19 68.0 23 0.92 0.87 0.81 0.77 289 11 10 | 1.00| 091 | 0.70 | 0.55
20 68.5 21 0.93 0.82 0.76 0.70 Fo<c 12 11 | 097] 0.78 | 0.60 | 0.48
2 gg-g ;g 8-22 8-;2 8-22 g-gg s 13 11 | 0.96 | 0.80 | 0.62 | 0.50
23 70.0 23 0.92 0.81 0.68 0.68 § 2 14 10 097 0.82 | 0.65 0.46
24| 705 | 26| 094 086 077 072 £8 15 111092082} 061 049
25| 710 | 25| o088 o084 079 074 =% e o LU ey [ esn ] e
26| 715 | 20| 081 077 0.71 0.65 g 17 11]1.00) 0.82 | 0.63 ] 0.48
27 72.0 21 0.87 0.80 0.77 0.66 18 9 | 094 0.81| 0.61 | 0.48
28 72.5 24 0.95 0.86 0.85 0.86 o 19 17 | 0.93 | 0.76 | 0.64 | 0.55
29 73.0 27 0.94 0.85 0.80 0.80 §_ 20 10 | 12.00| 0.84 | 0.69 | 054
30| 735 | 24| 096] 090 086 0.80 3 E o1 17 | 1001 081 | 060 052
31 74.0 29 1.00 0.91 0.87 0.83 % g 22 15| 1.00| 093] 0.66 | 054
32 74.5 29 0.84 0.80 0.76 0.75 -
33 75.0 22 0.91 0.84 0.74 0.71 5 e 15 || O || wies|| i | s
24 13| 091 | 0.82 | 0.67 | 0.54

Source: own elaborationZrédio: opracowanie wiasne
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Source: own elaborationZrodio: opracowanie wtasne

Fig. 3. Prepared surface of the sheet: 1 — ardaoilit2 — the area where the oil and then the sighevas applied, 3 — area

with applied adhesive, 4 — area with coupling mediu

Rys. 3. Powierzchnia blachy: 1 — obszar z nanigsiomlejem, 2 — obszar, na ktéry naniesiono olepaatpnie klej
3 — obszar z naniesionym klejem, 4 — obszdragkiem spregajgcym

3. Verification of experimental tests

After experimental tests the presence of adhesitbe
edge of the car door was assessed (Fig. 4).

After the tests it was found an absence of adkeisiv
the part of the rim, based on selected ultrasoréasures,
in particular the number of pulses with a heightwab 20
percent of the ultrasonic flaw detector screen liteigas

The car door was examined with a 20MHz ultrasonishown in Fig. 5. If from the ultrasound measuremmehe
probe and 195 measurement points were determirigt E measured number of impulses from the joint areas less

measurements were rejected for the results. Ferpibints
it was not possible to read data from the flaw clete
screen. Due to the large volume of obtained datdathow-
ing parts were limited to a graphical transfer dtained
results (Fig. 5).

Source: own elaborationZrodio: opracowanie wiasne

Fig. 4. Car doors subject to ultrasonic inspectionthe
scope of adhesive in the rim

Rys. 4. Drzwi samochodowe poddane kontroli ubinaek
kowej w zakresie kleju w obeze
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than 15, this means the occurrence of adhesivieeitom-
bination of the car body sheet. The mechanicalugison
of the joint confirmed the correctness of indicatioob-
tained during ultrasound examinations.

4. Conclusion

During the research the ultrasonic echo method was

used to determine the quality of adhesive jointthancon-
struction of car bodies. Based on the analysiarittoe con-
cluded that the ultrasonic method allows non-detire
assessment of the quality of adhesive joints. Tdstest to
use in industrial conditions ultrasonic measuréhés num-
ber of pulses obtained on a flaw detector withigliteof 20
to 100% of the screen. The standard, ultrasonicsovea of
the quality of adhesive joints based on the putights are
subject to a significant error. The ultrasound rodttal-
lowed to locate those areas in which the adhesias ap-
plied - about 10 pulses from joint area.

<

S B 2B YT RS

100 120 140 1560 180 200

Measuring point numher

Fig. 5. Measurement results for car doors
Rys. 5. Wyniki pomiaréw dla drzwi samochodowych
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Source: own elaborationZrodio: opracowanie wtasne
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The presence of oil on the surface on which theesidk
was applied did not significantly affect the valusfsthe
analyzed, ultrasonic joint quality measures. Sorfadhe-
sive joints were tested and measurement errors chetes-
mined for them. The impact of flaw detector setirand
the effect of surface preparation on test resuisevexam-
ined. The ultrasonic method was verified on carrdd®95
measurements were made). On the basis of the sesnit
gle areas with no adhesive in the tested joint icuad.
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