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JloCiPKeHHS TPUCBAYECHO PO3poOIll 3aKJIaJHUX HarpiBaJlbHUX €JIEMEHTIB
(BHE) Ta mapameTpiB peXHMIB 3BapIOBaHHS IS TOKpAIIEHHS 3’ €IHAHHS MK
3aKJIaJIHUIMH HarpiBaJIbHUMH €JIEMEHTAMH Ta MOBEPXHIMH MOJIMEPHUX MaTepiaiiB
3 KIHIIEBOIO METOIO MiABUILECHHS MEXaHIYHOT MIIIHOCTI 3BapHUX 3’€/IHaHb. B po0OoTI
JUTSI BUPIIICHHS MTOCTaBJICHOI HayKOBO-TEXHIYHOI 3a/1a4l MPOBEAECHO MOAM(IKAIIIIO
MOBEPXHI TUIIOBUX 3aKJIaJHUX HArpiBaJbHUX E€JIEMEHTIB 3 KOPO31MHOCTIMKOI CcTasl
Ta TUTaHYy METOJIOM MIKPOILJIA3MOBOI'O HAMMJICHHS] TAKMMU MaTepiajaMu SK HIXPOM,
TUTaH, MoyiOJeH 1 ctanb 651" Ta po3poOJICHO HOBITHI 3aKjajHI HarpiBajbHI
€JIEeMEHTH Ha OCHOBI  EJIEKTPOIPOBIAHUX  TOJIMEPHUX  KOMIIO3WTIB, 3
BUKOPUCTAHHSAM SIKMX OTpPUMaHl CTHKOBI Ta HAIyCTKOBI 3BapHi 3’€IHAHHA 3
MILIHICTIO Ha PiBHI, BIAMOBIIHO, 95...98% Ta 100% MIIITHOCTI OCHOBHOTO MaTepiamy.

3BaprOBaHHSA 3aKJIaJHUM HarpiBajibHUM €JIEMEHTOM (33HE)
BUKOPHCTOBYETHCS, B TIEPIIY YEPTY, IS 3’ €JHAHHS JIeTajel CKIIaiHo1 KOH(Iryparii
B aBIaKOCMIYHIM, aBTOMOOLIEe- Ta CyAHOOYAIBHINA ramys3sx mpomucioBocTi. [Ipu
[[bOMY HarpiBaJbHUI €JIEMEHT 3aJMIIAE€ThCS B 3BAPHOMY 3’€qHAHHI. Y 3B’SI3KY 3
THM, 10 WOTO CTPYKTypa 1 BIACTHBOCTI BIAPI3HSIIOTHCS BiJl OCHOBHOTO Matepiaity
neraned, aare3is MK HUMH HU3bKa, a eKCIUTyaTallis B yMOBaX UHUKITYHUX
TEMITepaTypPHO-CHJIOBUX HABAaHTAXKCHHSIX MOKE IPU3BECTH JI0 PyWHYBaHHS 3BApHUX
3’€lHaHb. TOMy, aKTyaJbHUM 3aJMUIIAEThCA TUTAHHS MIABUILICHHS MIIHOCTI
3BapHUX 3’€JIHaHb NUISXOM ITOKpAIICHHS aare3ii MK 3aKjIaJHUM HarpiBajdbHUM
€JIEMEHTOM 1 TOJIIMEPHUM MaTepiajioM JieTajeil B 3BapHOMY 3’€/lHaHHI. B To# ke

Yac, IHIIMM LHUISIXOM BUPIIIEHHS 3a3HA4€HOi Ipo0ieMu MOKe OyTH BUKOPUCTAHHS
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HarpiBaJIbHUX €JIEMEHTIB, 5Kl 32 CBOIMHU BJIIACTUBOCTSIMH MAaKCUMAaJIbHO OJIU3bKI J10
OCHOBHOI'O MOJIMEPHOIO Martepiaiay JeTaneil. Y 3B’S3Ky 3 UM aKTyaJIbHUM €
CTBOPEHHS 1 JOCTIIKEHHS €JIEKTPONPOBIAHUX MOJIMEPHUX KOMIIO3UTIB HA OCHOBI
MOJIIMEPY, 3 SIKOTO BUTOTOBJICHO JIETall, 0 3BAPIOIOTHCS, Ta 1X BUKOPUCTAHHS SIK
3aKJIaJHUX HArpiBaJbHUX €JIEMEHTIB ISl 3BapPIOBAHHSI.

MeTtor0 poGoTM € omnTHMI3allis BIACTUBOCTEH MeETaleBUX 1 poO3poOKa
KOMITO3UIIIHUX 3aKJIaIHUX HarpiBajJbHUX, BUBUCHHS 3aKOHOMIPHOCTEH BIUTMBY X
TUIy Ta PEXKUMIB 3BapIOBaHHS Ha MEXaHIYHY MIIHICTh 3BapHUX 3 €IHAHb
TEPMOIUIACTUYHUX MOJIIMEPIB.

00’ekTOM JOCTIIKEHHSI € 3aKOHOMIPHOCTI BIUIMBY THIYy Ta CTPYKTypU
3aKJQJIHUX HarpiBaJbHUX €JEMEHTIB 3 KOPO31MHOCTIMKOI CTadi, THUTaHy Ta
€JICKTPONPOBIAHUX TOJIMEPHUX KOMIIO3UTIB, @ TAaKOXX BEJIMYMHU HHUTOMOI
MOTY>KHOCTI MPOLECY 3BapIOBaHHS Ha (POPMYBaHHS Ta SKICTh 3BAPHUX 3’ €IHAHD
TEPMOILJIACTIB.

IIpeaMeTroM JociigkeHHsi € 3aKjajHl  HarpiBajibHi  €JIEMEHTH 3
KOPO31MHOCTINKOI CTajll, TUTAHy Ta €JIEKTPONPOBITHUX MOJTIMEPHUX KOMIIO3HTIB, a
TaKOX 3BapHi 3’€THAaHHS TEPMOILIACTIB, CPOPMOBaHI 3 IX BUKOPHUCTAHHSM.

HaykoBa HOBHM3HA oJep:kaHUX pe3yabTaTriB. Y poOOTI MpoBe/eHI
KOMIUIEKCHI TOCII1IXKEHHS JJ1s1 TT1IBUILICHHS MEXaHIYHOI MIITHOCTI 3BapHUX 3’ €THAHb
TEPMOIUIACTUYHUX TIOJIMEPIB 3 BUKOPUCTAHHSAM PI3HUX THUIIB 3aKJIaTHUX
HarpiBaJlbHUX €JEMEHTIB Ta NapaMmeTpiB pexuMy 3BapioBaHHs. [0 HOBHU3HU
JOCITIJIKEHHSI MO>KHA BIAHECTH TaKi TOJIOKECHHS:

1. Brnepiie po3BuHYTI YSIBICHHS IIOJO0 BIUMBY MOJM(IKaIlli MOBEpXHI
3aKJIaIHUX HarpiBajJbHUX €JIEMEHTIB 3 CITOK 13 KOPO31MHOCTIMKOI CTalll 1 TUTaHy Ta
BUSIBJICHO 3aJIC)KHICTh MK MaTepiaJioM MOKPUTTS, MOp(]OJorielo MOBEpXHi 1
pEKMMOM 3BapIOBaHHA Ta MIIHICTIO 3BapHUX 3’€HAHb TEPMOIUIACTHYHUX
MOJIIMEPIB.

2. Brnepiie Bu3naueHo, 1o Mmoaudikaiiisi HIXpoOMOM MOBEPXHI 3aKJIaTHOTO
HarpiBajbHOTO €JIeMEHTA 3 CITKH 13 KOPO31MHOCTIIKO1 CTalll 32 MUTOMOI MOTY>KHOCTI

npouecy 3BaproBanus 60..100 Br/cm® i uacy 3BaproBamns 150...60 cexynn,
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3abe3reuye mpuUpIicT MiHOCTI 3BapHuX 3’eaHanb Ha 10..13%, BiAHOCHO
BIIMOBIHUX CITOK 3 HEMOJW(PIKOBAaHMMHU ITOBEPXHSIMH, 3aBISKH 30UIBIICHHIO
OUTOMOT TUIONII KOHTAKTY MDK IIOJIMEPOM 1 HarpiBajJbHUM €JIEMEHTOM 1
MOKPAIIEHHIO ajre3ii MiXk HUMHU.

3. Brnepiiie BUSBIIGHO 3aKOHOMIPHOCTI BIUIMBY BMICTY Ta XapakTepy
pO3MOIiTy HAMOBHIOBAYiB B MOJIMEPHUX KOMIIO3UTAX JJIs iX BUKOPUCTAHHS SIK
3aKJIaJIHUX HarpiBalbHUX €JIEMEHTIB TMPU 3BaplOBaHHI TEPMOILTACTUYHHX
MOJIIMEPHUX MAaTepiajiB 1 BCTAHOBJICHO, IO 3aKJaJHI HarpiBaJibHI €JIEMEHTH Ha
OCHOBI MOJIMEPHUX KOMIIO3UTIB «IOJIIETUIIEH BUCOKOI T'YCTHHH / BYTJIEIIEBA CaXKa
3 BMicToM caxi 30 % Bij 00’ eMy 3a6€311e4yr0Th HAMOUTBIIT PIBHOMIPHUHN PO3ITPiB 1O
IUIOLII 1 HAMMEHIINHA BIUIMB €(EKTY MO3UTUBHOTO TEMIIEPATYPHOIO KOE(DILIEHTY
OTOPY B MOPIBHSAHHI 3 KOMIO3UTAMHU «IOJIIETHJIEH BUCOKOT T'YCTUHH / BYTJICIIEBE
BOJIOKHO 1 «IIOJII€TUJIEH BUCOKOI T'YCTHUHU / BYTJIEL[€Ba caka / BYTJIEIIEBE BOJOKHOY,
00 TOB’SI3aHO 3  BIOPSJKOBAHUM  PO3MOAUIOM  EJIEKTPOINpOBIAHOI  (a3u
HAIMOBHIOBAYa - Ca)i HbOMY.

4. Briepiie BCTaHOBIIEHO, 10 PEKMMU 3BapPIOBAHHSA 3 MapaMeTpaMu: dac
3BaproBaHHs 120 ¢, eKBIBaJICHTHIN €NEKTPUUHIN MOTYKHOCTI TIPOIIECY 3BaApIOBAHHS
MOJIIMEPHAM KOMITO3UTHUM 3aKJIaJHUM HarpiBaJbHUM €JIEMEHTOM B MexXax
20...30 Br/cM? i mpHUTHCKHOTO 3BaproBanbHOrO 3ycwiwis 1 Mlla 3abe3nedyrors
YTBOPEHHSI CTUKOBOT'O Ta HAITYyCTKOBOT'O 3BAPHUX 3’ €JIHAHB 3 MIIIHICTIO Ha piBHI 98%
ta 100% BiIHOCHO MIITHOCTI OCHOBHOTO MaTtepiay.

IlpakTuyHe  3HAYeHHsT  OTPUMAaHMX  pe3yabTariB.  [ligBuIIeHA
e¢(EeKTUBHICTh METAJEBOI CITKM SK 3aKJIaJHOTO HArpiBaJIbHOTO €JIEMEHTy Ta
BU3HAUEHA TIEPCIIEKTHBA BUKOPUCTAHHS MOJIMEPHUX KOMITO3UTIB K HArpiBaJbHUX
CJIEMEHTIB NJIs1 3BapIOBaHHS TUIACTMACOBHX JeTasieid. Po3poOiieHO TeXHOIOTIYH1
pEeKOMEeHIalli 1040 3BaPIOBAHHS 1HKEHEPHUX Ta BUCOKOTEXHOJIOTTYHUX MJIaCTMAC
3 BUKOPUCTAHHSIM 3aKJIaTHOTO HArpiBajJbHOTO €JIEMEHTY SIK Ha OCHOBI METaJeBOl
CITKA 3 MOAM(IKOBAHOI MOBEPXHEI0, TaK 1 HA OCHOBI MOJIIMEPHOTO KOMIIO3UTY,
JIOCTOBIPHICTb SIKUX MEPEBIPEHO MPU 3BAPIOBAHHI Py KOHCTPYKIIIH 3 THKEHEPHUX

Ta BUCOKOTEXHOJIOTTUHUX IU1acT™Mac 1 yemimHo anpoodoBano Ha 11 «Kb «AHTOHOB»
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ta JII «Kb «lIliBgenne» im. M.K.SHrens». TexHoyoridyHl pekoMeHaarli
BUKOPHUCTAHO SIK 0a3y I yKJaJaHHs JOTOBOPY MPO CIUIbHI HAYKOBO-IOCHIIHI
po6otu 3 MixkHapoAHOIO Kopropaitlieo «AliAXIS» (benbris).

XapakTepucTuKa Ppo00TH. VY BCTyNi BHCBITIEHO CTaH MPHUKIATHUX
npobiieM, SiIKi BUHUKAIOTh MPU 3BapIOBaHHI 3aKJIaJHUM HarpiBaJIbHUM €JIEMEHTOM 1
OOTPYHTOBAHO aKTyaJIbHICTh TEMH, CPOPMYIHOBAHO METY Ta 3a/adl JOCIIKCHHSI,
BHUCBITJICHO HAayKOBY HOBM3HY Ta MpPaKTUYHE 3HAYEHHS OJIEp>KaHUX PE3yJbTaTiB.
[IpencraBneno iHopMaIi0 MPO 3B'SI30K POOOTH 3 HAYKOBUMH TEeMaMH Ta
anpoOarfito pe3yJbTaTiB JAHMCEpTallli, HaBEeICHO IyOJiKalii aBTopa, B SAKUX
BHUKJIAJICHO OCHOBHHUM 3MICT JUCEPTAIlIMHOI pOOOTH.

VY pozaun 1 mpoaHaii3oBaHO ICHYIOUI JKEpenia, 1110 BUCBITIIIOIOTh Cy4acHUM
CTaH JOCIIIJKEHb 3BapIOBaHHS 3aKJIQJHUM HarpiBajJbHUM €JIeMEHTOM. BH3HaueHo,
0 BHACHIAOK HHU3BKOI ajre3ii MK 3akKJIaJHUM HarpiBalbHUM €JIEMEHTOM 1
MOJIIMEPOM BIJOYBA€ETHCS MOTIPIICHHS MIITHOCTI 3BapHUX 3’ €JHAHb TEPMOILIACTIB.
Po3risiHyTo mepcrneKTUBY  BHKOPUCTaHHS  MOAU(IKOBAaHUX METAJEBUX Ta
€JIEKTPOIPOBIAHUX TOJIMEPHUX KOMIIO3HUTIB SIK 3aKJIaJHUX HarpiBaJIbHUX
€JIEMEHTIB JJI 3BAPIOBAHHS B PI3HUX Tajly3sX MPOMUCIOBOCTI.

VY pozain 2 HaBeAeH1 BIJOMOCTI PO MaTepiaid Ta METOAM JOCHTIKEeHb, K1
BUKOPUCTOBYBAJIMCS B IPOLIECI BUKOHAHHS UCEPTALIMHOI POOOTH.

VY po3nini 3 po3rasagacThCsl MUTAHHS TOKPAIICHHS aare3ii Mi>K MOJIIMEPOM 1
3HE y Burisai MetaqeBHX CITOK 3 KOPO31MHOCTIMKOI CTadl 1 TUTaHy HUISIXOM
MoaudiKalii iX MOBEPXHI PI3HUMU MOKPUTTIMH IS TABUIICHHS IO KOHTAKTY
3uerieHHs. [IpoaHaii3oBaHO BIUIMB MOKPUTTA Ha TEIUIONEpeaady B 3BaApHOMY
3’e¢HaHH1. BU3Hau€HO BIUIMB NapaMeTpiB PEKUMY 3BapPIOBAHHS 1 TUITY HOKPUTTS Ha
MEXaHI4YH1 BJIACTHBOCTI 3BapHUX 3’ €/IHAHb.

VY po3aun 4 mpeacTaBieHO pe3ysbTaTH MO (OPMYBAHHIO 1 JOCIIIKEHHIO
CTPYKTYpH 1 TerIopi3WYHUX BIACTUBOCTEH MOJIIMEPHUX KOMIIO3UTIB 3 Pi3HUM
TUTIOM BYTJIEIIEBOTO HATTOBHIOBAYA, 4 TAKOK BU3HAYCHHIO CKJIAy KOMITO3UTY, SIKUA
3a0e3neuye Halie(eKTUBHIIIE MEPETBOPEHHS €JIEKTPUYHOI €Heprii B TEIJIOBY Ta

3a0e3nedye piBHOMIPHICTh iX HarpiBy. [IpoBeneHO eneKTpuyHi BUMIPIOBAHHS JIJIS
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BU3HAUCHHsI HArpiBaJIbHUX BJIACTUBOCTEH HA TOCTIHHOMY 1 3MIHHOMY CTpPYMI.
Bu3zHayeHO BIUIMB KOHIIEHTpAIlli HAIIOBHIOBaYa Ha TEPMOCTAOUIbHICTh KOMITO3UTIB
1 Temnepatypy (pa3oBHUX epexo/IiB.

VY po3aini S HaBeAeH1 pe3yIbTaTH MPAKTUYHOTO BUKOPUCTAHHS pO3pOOIECHUX
MOJTIMEPHUX KOMIIO3UTIB SIK 3aKJIaIHUX HArpiBaJbHUX €JIEMEHTIB IS 3BapIOBaHHS
CTHUKOBHX 1 HAIyCTKOBHMX 3BapHUX 3’€HaHb 3 TMoOJieTwieHy. Busnaueni Taxi
napaMeTpu PeKUMY 3BapIOBAHHS SIK TIOTY>KHICTh 1 4ac MpoIlecy 3BaprOBaHHS, MPH
SKUX BiAOYBa€ThCS PO3IUIABNICHHS JeTalieil B 30HI KOHTAaKTy 1 (opmyBaHHs
3BapHOro 3’ eAHanHs. [I[poaHanizoBaHo BILIKMB IIUX MapaMETPiB HA MIIHICTh 3BAPHUX
3’€IHaHb 1 PO3POOJICHO TEXHOJIOT1YHI PEKOMEH/ Al 111010 3BapIOBAHHS CTUKOBUX 1
HAITyCTKOBUX 3BApHUX 3’ €THAHD.

Kiilo4oBi ___cjioBa: 1oJIiMEpHI KOMIIO3UTH, BYIJICIICBI HAMOBHIOBAYi,

HarpiBaJibHI BJIACTUBOCTI, 3BapIOBaHHS 3aKJIaJHUM HarpiBajJbHUM €JIEMEHTOM,

MILIHICTh 3BapHUX 3’ €HaHb, HArP1BaJIbHI €JIEMEHTH 3 MOAM(IKOBAHOIO IIOBEPXHEIO.
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Kolisnyk R. Metal and composite embedded heating elements for welding of
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The research is devoted to the development of embedded heating elements
(EHE) and welding parameters to improve the bonding between the heating element
and the surfaces of polymeric materials with the ultimate goal of increasing the
mechanical strength of the welded joints. In the work to solve the scientific and
technological task was carried out modification of the surface of typical embedded
heating elements of stainless steel and titanium by microplasma spraying such
materials as nichrome, titanium, molybdenum, and steel 65G and developed
innovative embedded heating elements based on electrically conductive polymer
composites that provide formation of butt and overlap joints with a strength level of,
respectively, 95 ... 98% and 100% strength of the base material.

Welding with an embedded welding element (WEHE) is primarily used for
joining parts of complex configurations in the aerospace, automotive, and
shipbuilding industries. In this case, the embedded heating element remains in the
welded joint. Due to the fact that its structure and properties differ from the basic
material of parts, the adhesion between them is low, and the operation under
conditions of cyclic temperature-force conditions may lead to failure of the welded
joints. Therefore, the relevance of increasing the strength of welded joints by
improving the adhesion between embedded heating element and polymeric material
of parts in the welded joint is still relevant. At the same time, another way of solving
the mentioned problem could be the use of embedded heating element, which is as
close as possible to the basic polymeric material of the parts by their properties. In

this regard, it is relevant to create and investigate electrically conductive polymeric
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composites based on the polymer from which the parts to be welded are made and

to use them as embedded heating elements for welding.

The aim of the work s the optimization of the properties of metal and the
development of composite embedded heating elements and to study of patterns of
influence of their type and welding modes on the mechanical strength of welded
joints of thermoplastic polymers.

The object of the study is the laws of influence of the type and structure of
embedded heating elements made of stainless steel, titanium, and electrically
conductive polymer composites, as well as the value of the specific power of the
welding process on the formation and quality of welded thermoplastics.

The subject of the study is embedded heating elements made of stainless
steel, titanium, and electrically conductive polymer composites, as well as welded
joints of thermoplastics formed with their use.

The scientific novelty of the obtained results. The work includes complex
studies to increase the mechanical strength of welded joints of thermoplastic
polymers using different types of embedded heating elements and parameters of the
welding mode. The novelty of the study includes the following provisions:

1. Ideas about the influence of surface modification of embedded heating
elements made of stainless steel and titanium was developed and the dependence
between coating material, surface morphology, and welding mode, and strength of
welded bonds of thermoplastic polymers was revealed.

2. It was found that nichrome modification of the surface of the stainless
steel mesh heating element with the welding process power of 60 ... 100 W/cm? and
the welding time of 150 ... 60 seconds ensures the increase of weld joint strength by
10 ... 13%, relative to the corresponding meshes with unmodified surfaces, due to an
increase of the area of contact between the polymer and the heating element and the
improvement of adhesion between them.

3. For the first time the regularities of influence of content and character
of distribution of fillers in polymeric composites for their use as embedded heating

elements at welding of thermoplastic polymeric materials are revealed and it is



8
established that embedded heating elements on the basis of polymeric composites

"high-density polyethylene/carbon black™ with carbon black content 30% from the
volume provide the most uniform heating in the area and the least impact of the
effect of a positive temperature coefficient of resistance in comparison with
composites  "high-density  polyethylene/carbon fiber" and "high-density
polyethylene/carbon black/carbon fiber", which is associated with orderly
distribution of electrically conductive phase of the filler — carbon black in it.

4, For the first time, it is established that welding modes with parameters:
welding time of 120 s, equivalent electric power of welding process by polymer
composite embedded heating element within 20... 30 W/cm?, and clamping welding
force of 1 MPa provide formation of butt and overlap welds with strength at the level
of 98% and 100% relative to the strength of the base material.

The practical significance of the results. The efficiency of metal mesh as a
embedded heating element is increased and the prospect of using polymer
composites as heating elements for welding plastic parts is determined.
Technological recommendations for welding of engineering and high-tech plastics
with the use of embedded heating element both on the basis of a metal mesh with a
modified surface and on the basis of a polymer composite have been developed, the
reliability of which was tested during welding of a number of engineering and high-
tech plastics at SE "Antonov" and Yuzhnoye State Design Office. The prospects of
their large-scale use are shown. The technological recommendations were used as a
basis for concluding an agreement on joint research with the international
corporation "AlIAXIS" (Belgium).

Characteristics of work. The introduction highlights the state of applied
problems that arise during welding of the embedded heating element and
substantiates the relevance of the topic, formulates the purpose and objectives of the
study, highlights the scientific novelty and practical significance of the results. The
information on connection of work with scientific themes and approbation of results
of the dissertation is presented, publications of the author in which the basic

maintenance of the dissertation work is stated are presented.
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Section 1 analyzes the existing sources that highlight the current state of

research on welding with embedded heating element. It is determined that due to the
low adhesion between the embedded heating element and the polymer, the strength
of the welded joints of thermoplastics disimproves. The prospect of using modified
metal and electrically conductive polymer composites as embedded heating
elements for welding in various industries is considered.

Section 2 provides information about the materials and research methods used
in the process of dissertation work.

Section 3 discusses the issue of improving the adhesion between the polymer
and embedded heating element in the form of metal mesh made of stainless steel and
titanium by modifying their surface with different coatings to increase the contact
area of adhesion. The influence of the coating on the heat transfer in the welded joint
is analyzed. The influence of welding mode parameters and coating type on the
mechanical properties of welded joints is determined.

Section 4 presents the results on the formation and study of the structure and
thermophysical properties of polymer composites with different types of carbon
filler, as well as determining the composition of the composite, which provides the
most efficient conversion of electrical energy into heat and ensures uniform heating.
Electrical measurements were performed to determine the heating properties at DC
and AC. The influence of filler concentration on the thermal stability of composites
and temperature of phase transitions is determined.

Section 5 presents the results of the research on the use of polymer composites
as embedded heating element for welding butt and lap welds made of polyethylene.
The parameters of the welding mode are defined as the power and time of the
welding process, at which the parts in the contact zone melt and the weld is formed.
The influence of these parameters on the strength of welded joints is analyzed and
technological recommendations for welding butt and lap welds are developed.

Keywords: polymer composites, carbon fillers, heating properties, welding
with embedded heating element, strength of welded joints, heating elements with

modified surface.
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