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Method for determining the quality of cable inlets sealant
using infrared thermography

The results of applying the quality control method to cable inlets sealant (hermetic lead, sealed lead-in, cable boxes)
have been considered. Cable inlets are designed to prevent the spread of fire in adjacent areas through cable
sealing boxes, e. g. on sea vessels. The known methods for determining the quality of cable inlets sealant are
laborious and in some cases even impossible to implement when used on sea vessels. This applies to cases when
the room through which the cables pass is being poured with water and some pressure stipulated by the ship
specifications is being created there, or when the air pressure increases in such rooms. The novelty of the present
method lies in the fact that it is based on the principles of pulsed thermal non-destructive testing of a material.
The FLUKE thermovision camera Ti400 has been used as a technical means recording the temperature field of
the sealant surface after exposure to a thermal pulse. The method approbation has indicated that thermal non-
destructive testing can be used to detect relatively small penetration defects in the sealant volume.
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Results

The sealant quality is characterized by the absence of cracks and violations in its volume. The presence
of cracks in the sealant leads to the possible water and air permeability, which is unacceptable due to fire safety.

The method under development [1] enables a quick assessment of the sealing box quality (sealed lead-
in) designed to protect against the penetration of fire, water, and gases through impermeable bulkheads.

There are several ways known to determine the quality of cable inlets sealant' [2; 3]. For example, the
cable room is filled with water which creates the pressure indicated in the technical characteristics of the vessel.
The pressure is maintained within the time set by the test programme. Water leaks through the pressure seal
construction are controlled visually on the other side of the bulkheads. However, this method can only be used in
special-purpose premises, which can be flooded with water during normal operation of the vessel.

In order to check the sealing devices located on the upper decks of the ships, another method is used,
according to which the sealing structures for cable passage are watered under the pressure of 2 kg/cm” from 5 m
distance and from any direction during 5 min time. The quality of cable passage points sealing is considered to
be satisfactory if no water is detected from the opposite side of the bulkhead. The disadvantage of this method is
the complexity of its use in internal premises with electrical equipment.

Finally, to check the sealing devices located in the vessel service premises and domestic compartments,
pressure cable boxes are blown with compressed air from a hose with a diameter of at least 1/2 inches from a 100
mm distance. Air leaks (defects) through the sealant structures are controlled by lubricating their other side with
soap solution. The sealing quality of cable passage points is considered to be satisfactory if no air leaks are
detected on the opposite side of the bulkhead or deck, or inside the room or electrical box.

The methods described above are characterized by significant complexity and in some cases cannot be
implemented, e. g. during the vessel operation or its repair.

The method under development [1] determines thermophysical properties of materials and structures by
measuring their surface temperature with a thermovision camera [4—6]. It is known as the "flash method" [4] —
stimulating the test object with a thermal pulse from heat radiation sources (IR lamps, incandescent lamps).
During the testing process, analysis of the conditions for the passage of a heat wave in the volume of the material
under study has been carried out. In contrast to the methods described in [4; 5], the proposed method [1] uses
thermal activation by a stream of warm air, which produces abnormal local heating on the surface opposite to the
heated surface while penetrating through sealant defects (openings, cavities, pores). Application features of the
heat pulses method are presented in the literature [6—11].

The present invention results [1] in improving the accuracy of the sealant continuity quality control, as
well as in the localization of the air leakage point in the construction that should be water- and airtight.

The method implementation scheme is presented in Fig. 1. The method is implemented as follows. The
front surface (Fig. 1) of the cable inlet is blown with heated air from a blow dryer. A pyrometer can be used to
record the temperature of the sealant front surface.

A penetration defect has been created in the volume of the epoxy compound with the help of a metal
string or a flat tie during the sealant polymerization (Fig. 2). Emissivity value of the epoxy compound like most
polymeric materials is handled as € = 0.92-0.95 [12]. The front surface of the sealant is blown with a blow drier

' OST 5R.1180-93. Industry-specific standard. Vessels. Test methods and standards for permeability and tightness. Central
Research Institute "Lot", 1993 ; GOST 3285-77. Metal ship hulls. Test methods for impermeability and tightness. M., 1978.
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with heated air installed at a distance of no more than 100 mm. When heated, the temperature of the sealant front
surface does not exceed 5060 °C. The wind flow speed produced with the blow dryer (heater) reaches tens of
meters per second.
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Fig. 1. Testing scheme for quality control of a cable pressure seal: 1 — blow drier; 2 — bulkhead (wall);
3 —sealant in the bushing; 4 — thermovision camera; 5 — air permeable penetration defect of the sealant;
6 — localization of the high temperature site on the back surface of the sealant
Puc. 1. Cxema npoBeIeHUs UCTIBITAHUH IJTT KOHTPOJIA KadecTBa KabeTbHOTO repMoBBOa: 1 — (heH
(HarHeTaTenb Bo3/yXa); 2 — nepebopka (cTeHKa); 3 — repMeTHK B MPOXOJHOM BTYJIKE; 4 — TEMJIOBU30D;
5 — BO3AyXONpPOHHULAEMbI CKBO3HOM Ne(eKT repMeTHKa; 6 — JoKaInu3alus y4acTka ¢ HOBbIIIEHHOM
TeMIepaTypoii Ha 3aHel OBEPXHOCTH repMeTHKa

Fig. 2. External view of the cable inlet back surface with a flat penetration defect
(0.1 mm thick, 4 mm high, 57 mm long)
Pyc. 2. BHelHuii BHA 3aIHEH MOBEPXHOCTH MOJETH KaOebHOTO TepMOBBOIA
C TIOCKAM CKBO3HBIM Je(heKTOM TonmuHoi 0.1 MM, BEICOTOI 4 MM, IUTHHO# 57 MM

After blowing the sealant front surface with warm air for several minutes (up to two or three minutes),
the back surface temperature is continuously monitored with a thermovision camera in order to record the
thermal wave passage from the front to the rear surface. The FLUKE Ti400 thermovision camera is used to
record the temperature of the back (non-irradiated) surface and localize the defects on the back surface. During
the testing process, thermograms are analyzed after 15-30 s within the next 15-20 min depending on the
thickness of the sealant and the size of the penetration defects.

The results of thermal imaging of the object under study have been processed using the software
attached to the thermovision camera. The temperature of the cable inlet back surface 7, was monitored. Values
of the maximum (max), average (av), and minimum (min) temperatures of the object rear surface are estimated
over time, as well as localization of the observed sealant defects (Fig. 3, 4). Fig. 4 shows an example of
a histogram after image processing using the specialized software of the "FLUKE Ti400" thermovision camera.
The value of the ambient temperature is within 7 =21-22 °C.

Analysis of a series of sequential thermograms (Fig. 3, a) shows that the highest surface temperature is
found in the defect area, e. g. in Fig. 3, b: Typa = 22.14 °C, Tpyy = 22.16 °C.

Similarly, in Fig. 4 the thermogram shows the values of Ty = 29.19 °C, T}y = 25.88 °C, Thmin =21.95 °C
at the air temperature 7, = 21 °C. The temperature rise in the area of the analyzed penetration defect (Fig. 4, b)
reaches DT}y, = 7-8 °C.
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Fig. 3. A series (a) and one of sequential thermograms (b) obtained during non-equilibrium thermography
Puc. 3. Cepust mociie10BaTeNIbHBIX TEIUIOTPaMM, MOIYYESHHBIX TIPU MPOBEICHUN HEPABHOBECHOM
TETUIOBO# TepMorpadun

The area of the observed defect
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Fig. 4. Thermogram of the back surface with a through hole () and volume histogram with localization
of the defective area (). Sealant thickness (epoxy resin) is equal to 10 cm
Puc. 4. TenmorpamMma 3aHeil MOBEPXHOCTH CO CKBO3HBIM OTBEpCTHEM (@) M 00bEMHasl THCTOrpaMMa
¢ nokanu3anueit nedektHoit oonactu (b). TonmmuHa repmerrka (3nmokcuanHas cmoia) 10 cm

Fig. 5 shows a typical dependence of the temperature change on the sealant surface in the area of the
penetration defect. In this case, a flat penetration defect with the thickness of 0.1 mm, 4 mm height and 57 mm
length in the volume of the epoxy compound is analyzed. The front surface has been heated during 1 min, as
a result of heating the temperature of the front surface reaches 42 °C.
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Fig. 5. Dependence of the temperature change on the sealant surface in the penetration defect area
Pyuc. 5. 3aBHCHMMOCTb M3MEHEHHS TEMIIEPaTyphl MOBEPXHOCTH FrepMETHKA B 00JIaCTH CKBO3HOTO Ae(eKTa
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The defect in the observed area is characterized by the increased temperature 7., The defect can be
localized in the spot of the surface area with the maximum excess temperature D7y, ; the value DT,y is found
from the relation

DTbmax(t) = Tbmax(t) - TO»

where DT}nax(f) — the change in the maximum temperature of the material layer back surface at the moment ¢;
T, — the initial (equilibrium) temperature of the back surface of the material layer.

It can be seen in Fig. 4 that in the defect localization area the temperature evenly increases as the air
comes through the penetration defect, after which the temperature value stabilizes. The time for setting the
maximum temperature in the defect area depends on the parameters of the defect, the temperature, and the
heating time of the front surface.

The developed method enables to carry out tests in accordance with the non-equilibrium thermography
in order to assess the thermophysical characteristics of the sealant and to detect defective areas in its volume.
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A. b. Brnacos

MeTtoa OIpeacJICHUA KadeCTBa repMeTuKaA
Ka0eJbHBIX repmMoBBOA0B € IIOMOIIBIO TEIIJIOBHU30pPAa

PaccmoTpeHs! pe3ynbTaThl MPIMEHEHNST METOAA KOHTPOJIS KauecTBa repMeTHKa KaOelbHBIX TePMETHIHBIX BBOJOB
(repMeTHYHBI BBOA, repMOBBOJ, KabelbHbIe KOpOOKM). ['epMOBBOABI MpeAHAa3HAYeHbl A MPEAOTBPAILEHUs
pacrnpocTpaHeHus TIo)kapa B CMEXKHbIE MTOMEIEHNS Yepe3 KaOelbHble YIUIOTHUTENbHbIE KOPOOKH, HaNpruMep Ha
MOpPCKUX cynax. M3BecTHble criocoObl OnpeaesieHns KauecTBa repMeTHKa KabeJbHbIX TeépMOBBOJIOB OTIAMYAOTCS
TPYIOEMKOCTBIO 1 TIOPO HEBO3MOXKHOCTBIO peann3aliy Py NPUMEHEHNH Ha MOPCKHUX CylaX. DTO OTHOCHUTCS K
CllyyasiM, KOrja MoMelleHHe, Yepe3 KOTopoe MPOXOAAT Kabesy, 3aJMBalOT BOJOH M CO3JAlOT B HEM JaBJieHHE,
OTrOBOPEHHOE criel(rKalnell CyjHa, WK NPH yBeIIMIEHNH JaBIIeHHUs BO3/4yXa B TOJOOHBIX MoMeleHnsx. HoBusna
METO/Ia 3aKJIF0YaeTCsl B TOM, YTO CIOCOO onpeieieHNs KauecTBa KaOelbHbIX FepMOBBOIOB OCHOBAH Ha MPUHLIMMNAX
WMITyJIbCHOTO TEIUIOBOTO HEpa3pyIIaloIero KOHTPONS Marepuaia. B kauecTBe TeXHMYECKOTO CpENCTBa,
PEruCTPUPYIOILETro TeMIMepaTypHOe Moje MOBEPXHOCTH IepMeTHKa MOocie BO3AECHCTBUS TEIJIOBOrO MMITYJIbCA,
MCTIONB30BaICs TetuioBr3op. [1py anpodarmy MeToa MokasaHo, YTO TETJIOBOT Hepa3pyIIatoIIuii METO KOHTPOJIS
MOXET NPUMEHATHCS 1S BBIABICHUS OTHOCUTENBHO MAJIbIX CKBO3HBIX 1€()EKTOB repMeTHKA.

KutioueBble ¢J10Ba: METOJ KOHTPOJIS Ka4ecTBa repMETHKA, KaOebHbIil BBOJ, Ae(eKT, TEMIOBON UMITYIBCHBIN METO, MH(pakpacHas
TepMorpadusi.
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