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AHaJi3 OCTAaHHIX JOCTiTKeHb i myOikamii.

Jiis CTBOpEHHsI CydaCHMX MOTOPHHX OJIMB JUIl IOTYKHMX JAW3EIbHUX JBUTYHIB, OCHAICHUMH
CHUCTEMaMH PEeIMPKYJIAii BimmparsoBanux ra3is (EGR), cenextuBHOTO Karamituaroro BigHoBIeHHS (SCR) i
nporucaxkeBumu  pinbTpamu (DPF), saxi BigmomimatoTe ekojoriuauM HopMam EURO 6, motpibHO
MIPOBEICHHS CHEIliAIbHIX TPUOOTEXHIYHMX BHIpoOyBaHb. J[laHi ommBH BigHOCITHCS 10 Low SAPS
MOTOPHHX OJIMB, II0 MalOTh O€330JIbHUI MakeT MPHCaJoK 3 CyIb(paTHO 30ibHICTIO 10 1,0%, 3HMKEHY
KuTbKicTh pocdopy mo 0,12%, cipku mo 0,4% nmist 3amobiraHHst MOJTIPYBaHHS XOHIHTYBAJILHOI MOBEPXHI
BHYTPIITHBOT CTIHKM LWIIHApa JU3EN0 Ta 3a0pyJHEHHIO CHCTEM HeWTpami3amii BiANpanboBaHUX Ta3iB. 3
ypaxyBaHHSM TaKHX >XKOPCTKMX BHMOT, BiJINMOBiJHI MOTOpPHI OJIUBU MOBWHHI 3a0e3meuyBaTd MaKCHUMallbHI
MPOTU3HOMIYBAJIbHI 1 aHTU(PHUKIIAHI BIACTHBOCTI, IO BignoBimaroTh pexkomeHgarism Ultra High
Performance Diesel (UHPD) srigno crangaprie ACEA E6 mns LowSaps omue i ACEA E7 ans onus 3i
301IBIIEHUM 1HTEPBAJIOM 3aMiHH.
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BukJ/iageHHs1 HeBUPilIEHUX MMUTAHbD.

Ockinbku B YKpaiHi IIe He BEIUCS 1 HE BEAYThCSA CIICMialbHI BUIPOOYBAaHHS Ha BiTIOBIAHICTH
mikHaponauM ctagmgapraM ACEA E6/E7 mono ctBopeHHs MoTopHHUX oJiB Kilacy EURO 6, mpomoHyeThes
PO3TIITHYTH METOIHMKY CITCIiadbHUX TPHOOTEXHIYHUX HOCIipKeHb Ha TpuOomerpi CSM Instruments SA
(IIBeiimapist). 3rigHO  3ampoOTOHOBaHIM METOAWKH, Ha TpuUOOMeTpi OyiaM BCTAaHOBIEHI Kparii
MPOTH3HOINYBAJbHI 1 aHTH(PHUKIIIHI BIACTHBOCTI CremialbHIX 0e3301pHUX ZnFree TpubomakeTiB mms
3ManryBanHs au3eni knacy EURO 6.

ITocTanoBKa 3aBAAHHS.

BaxjMBUM YWHHMKOM ITiJBUIICHHS TEXHIKO-CKOHOMIYHUX IOKa3HUKIB TPAaHCIOPTHUX 3acO0IB €
MOKpaIleHHs  TPUOOTEXHIYHWX TapaMeTpiB Tmap, 30KpeMa, I[OKpaIleHHs AaHTUQPUKLIIHHUX  Ta
MPOTH3HOIYBAJIBHUX BIACTUBOCTEH TPHOOCHOTYYECHB.

LlinkoM OYEBHIHHMM € BIUIMB SKICHOTO CTaHy MACTHJIBHHMX MaTepialliB Ha pecypc KOHTaKTHHX
MOBEPXOHb Tap TepTsi. CTPYKTYPHO, OUIBIIICTh CYyYaCHUX MapOK MOTOPHHX Ta TPAHCMICIHHUX OJIUB, OKPIM
0a30B0i 0CHOBH (MiHEpaNbHOI 200 CHHTETHYHOT), BKIFOUAIOTh MAKETH MPHUCATOK Pi3HOTO (YHKIIIOHATBHOTO
npu3HavueHHs. KoMmIuiekcHe BHpIMIEHHS 3ajad M0N0 ONTHMI3allil Nepioqy palioOHaIbHOTO BHKOPHUCTAHHS
MaCTWIBHUX MaTepialliB, MOKpALIeHHsI iX eKCIUTyaTalidHUX BIACTHBOCTEH NpH 3alTydeHHI BiIMOBITHHX
MOIU(IKaTOPiB TEPTS AO3BOJISE MiABHUIYBAaTH HAAIHHICTD BY3JIiB Ta arperaTiB TPaHCIIOPTHHX 3ac00iB.

OTXe KOHLENMis MOJSIra€ B ONTHMAJIBHOMY BHOOPI TPHUOOTEXHIYHHMX BIACTUBOCTEH MAaCTHIIBLHHX
MaTepialiiB sIKi BAKOPUCTOBYIOTBCSI B Cy4aCHUX MEXaHi3Max.

BuxkiasaeHHs1 0OCHOBHOTO MaTepiaJy.

Jinst gocnimkeHHs TpHOOTEXHIYHUX BIACTUBOCTEH MAacCTHILHUX MaTepiaiiB, 30KpeMa MOTOPHHX OJIMB,
MPOBEIEHO KOMIUIEKCHI JlabopaTopHi BunipoOyBaHHs Ha TpuboMeTpi CSM Instruments SA (puc. 1).

Pucynoxk 1 — 3aransauit Burisin tpudomeTpy CSM Instruments SA
Figure 1 — General view of the tribometer CSM Instruments SA

[pu upomy, Oy BUKOPUCTaHI HACTYITHI 3pa3KH:

3pa3ok Nel — [-40A — HeliTpasibHa 6a30Ba 0JIMBa MiHEPAIBHOTO TIOXOKCHHS;

3pa3ok Ne2 — [-40A+0,6% monudikaropa TepTs Ha 0CHOBI AiTiodochary 1Ky (JDII);

3pazok Ne3 — [-40A+0,05% 0Oe33ompHOr0 (Zn-Free) moaudikaTopa TepTs Ha OCHOBI (ocdigHo-
CyIb]iTHUX CIIOTYK.
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B sxocTi mocmimkyBaHOTO Matepiany Oyio oOpaHo KyimbKy miameTrpoM D=6 Mm 3i crami 304.
Temneparypa mocaimkernus t — 20°C ta 70°C. Beprukanpae HaBanTaxeras = 59,03 H. Bomoricts moBiTps —
75%.

KinpkicTh HamXOKEHHS €IEMEHTIB 3HOITYBaHHS (00’ €MHHI 3HOC) BH3HAUYaeThCs 3a pizHHICO (AH)
CepenHiX 3HAYCHb.

AHTHQPUKIINHHI BIACTUBOCTI (KOSQIIIEHT TEPTS) BU3HAYAIOTHCS 32 YACIOBUM 3HAUCHHSIM f.

ExcriepuMeHT TpPOBOAMBCS 3 METOI0 BHU3HAYCHHS OO0 €MHOTO 3HOCY Ta  KOEQilieHTy TepTs B
3aJIeKHOCTI Big mpo0iry Brpogosxk 7500 m. [y onTUManbHOI JOCTOBIPHOCTI OTPUMAHUX pe3yJIbTaTiB Oyio
3po0JIeHO 7 mapalielbHUX BHUMIPIOBaHb. 3a CEpeIHIMM 3HAYCHHSIMU NPOBOJWIIACSA BIAMOBIAHA BUOIpKa
pe3ynbTaTiB.

1) BuzHayeHHsI IPOTH3HONIYBAJBLHUX XapaKTePUCTUK MoaudikaTopiB TepTs.

Jis  KOMILJICKCHOTO  MiJBUIICHHS TPUOOTEXHIYHMX BJIACTUBOCTEH MACTHJIBHUX  MaTepiaiiB
BUKOPHUCTOBYIOTHCSI MOAM(DIKATOPH TEPTsI JUISL TOKPAIIEHHS TPOTU3HONIYBAILHUX 1 aHTUPPUKIIITHAX
BJIACTUBOCTEH MaCTHJILHUX MaTepiaiB.

3 TphOX 3pa3KiB HAWOLIbIIA IHTCHCUBHICTh HAJXOJ/KCHHS €JIEMCEHTIB 3HOIIYBaHHS (00’ €MHUN 3HOC)
xapakTepHo s 6a3oBoi onuBu [-40A 6e3 mpucanok (puc 2, kpuBa 1), 0 € 3aKOHOMIPHHM IPOLIECOM,
OCKIJIbKY 0a30Ba OJIMBA HE MICTHTh MPOTHU3HOIIYBAIFHUX 1 aHTH(PPUKIIHHNX TPUCAIOK.
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Pucynok 2 — 3anexxHicTh 00’ €MHOT0 3HOCY Bif po6iry npu t = 20°C amst JOCHiHKyBaHUX 3pa3KiB
Figure 2 — Dependence of volumetric wear on mileage at t = 20°C for the studied samples

KpuBa 3 mae 0ib01 OJIOTY XapaKTEPUCTUKY O HAJIXO/DKEHHIO €JICMEHTIB 3HOLIYBAaHHS B ITOPIBHSHHI
3 KPUBOIO 2, IO MOSCHIOE Kpalli MPOTH3HOLIYBaJIbHI BIACTUBOCTI 0€330JbHOI NPHCAIKH, 110 HE MICTUThH
LIMHK.

3 TprOX 3pa3KiB HalOUIbIIA IHTEHCUBHICTD HAAXOPKEHHS €JIEMEHTIB 3HOLIYBaHHs (00’ €MHUI 3HOC)
npu JoKalbHOMY HarpiBi omuBu go 70°C (poboua Temmeparypa Ba)KKOHABAaHTAXKEHHUX TPAHCMICii)
xapaxTepHa ais 6a3oBoi onuBu [-40A Ge3 mpucanok (puc. 3 xpusa 1). Ilpu nokansromy Harpisi go 70°C
IHTEHCHUBHICTh HAJIXOPKEHHS €JIEMEHTIB 3HOIYBaHHS 3HAYHO 30UTBIIYETHCS B IMOPIBHIHHI 3 TEMIIEPATYPOIO
ipu 20°C, 110 MOSICHIOETHCS BIACYTHICTIO 3aXUCHUX TUTIBOK B 06a30Biit omuBi [-40A (puc. 3).

KpuBa 3 Mae OiIbII MOJIOTY XapaKTEPUCTUKY HAIXOKCHHS €JIEMEHTIB 3HOIIYBAHHS B TMOPIBHSHHI 3
KPHBOIO 2, 110 TOSICHIOE Kpalili MPOTH3HONTYBAIBHI BIIACTHBOCTI 0€330I5HOT MPHUCATKH, IO HE MICTUTH ITUHK,
B YMOBax JIOKaJapHOTO HarpiBy mo 70°C.
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Pucynox 3 — 3anexHicTh 00’ €MHOTO 3HOCY Bif pooiry mpu t=70°C mis ToCTipKyBaHUX 3pa3KiB
Figure 3 — Dependence of volumetric wear on mileage at t=70°C for the studied samples

Pesynbrati MOCTIDKEHHS € BaKIMBHMH, OCKUIBKM OpTaHiYHI CIIOIYKH Ha OCHOBI Cynb(dimiB Ta
(hochiniB MpOSABIAIOTE Kpallli MPOTU3HOIIYBAIBHI BIIACTUBOCTI K mpu t = 20°C, Tak i Mpu JOKATBHOMY
Harpiei ommBu 10 70°C (poboua TeMIiepaTypa BaKKOHABAHTAKEHUX TPAHCMICiH), He 3BaXKalouu Ha Te, 110
JIaHi TIPUCAIKU MICTATh MiHIMAJIbHY KUTBKICTE (hocdopy it CipkH, HE MICTATh METAIOBMICHI CIIONYKH 1, TOMY,
MOXYTh OyTH peKoMeHIoBaHi it 3MantyBanHsa By3mi LI JIB3, mo BigmoBigarots BuMoram EUROG6.
Jlani ABUTYHW OCHAIIEHI CHCTEMOIO PEHHMPKYJAIii BimmpamsoBaHux ra3iB EGR, cemektuBHUMHI
katamizatopamu  SCR  Ta caxeBumMu  (imbTpamMu, TOMY OTPHUMaHI pPe3yibTaTH  IMOJIIIICHUX
MPOTHU3HOLTYBAJIbHUX BJIACTHUBOCTEMN € BaKIIMBUMU 1040 CTBOPCHHA MOTOPHHUX OJIMB TUITY LOWS&pS.

2) BuzHaueHHs aHTUQPUKIIHHIX XapaKTEPUCTUK MOJU(IKATOPIB TEPTH.

3 TphOX 3pa3kiB HAWOUILIINK MOYATKOBUH KOEPIIIEHT TEPTS XapaKTepHUH JUTst 6a30BOi
onuH [-40A 6e3 npucanok (puc. 4, kpuBa 1) ta 3paszka 2 3 JI®L] (puc. 4, kpusa 2). ToOTO, aHTUDPHUKITIITHI
BJIACTUBOCTI 3pa3ka 3 (puc. 4, kpuBa 3) Mae HafMEHIIUI MOYaTKOBUH KOC(MIIIEHT TEPTH, IO MOACHIOE KPaIi
anTupuKkLiiHi BiactuBocti mpu t=20°C.
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Pucynok 4 — 3anexxunictb koediuieHty Tepts Bix npoOiry npu t=20°C ajisi  1OCiIXKyBaHUX 3pa3KiB
Figure 4 — The dependence of the coefficient of friction on the run at t=20°C for the studied samples
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PucyHoKk 5 — 3amexHicTh KoedimieHTy TepTs Bix mpooiry mpu t=70°C mis AoCHipKyBaHUX 3pa3KiB
Figure 5 — The dependence of the friction coefficient on the run at t=70°C for the studied samples

Kpim Toro, croctepiraerbcsi MOCTYIIOBE 3MEHIICHHS KOe(DIIiEHTy TepTs BIPOAOBXK mpodiry 7500 m
JUTSE 3pa3ka 3, Ha BIIMiHY Bif 3pa3kiB 1 Ta 2, 1€ CIIOCTEPIiraeThes MOCTYITOBE 301IBIICHHS KOSQIIiEHTY TEPTI.
TakuM 4YMHOM, MOYKHA 3pOOUTH BHUCHOBOK IMPO T€, MO 3pa30K 3 3 0e330JIbHOI0 MPHUCAAKOI Ma€e Kparili
anTupukLidHi BractuBocTi npu t=20°C He TiNBKM B MOYATKOBHW IEpPioj, a i BIPOJIOBK BCHOTO Hacy
npoOiry.

3 TphOX 3pa3KiB HAHOUIBIINK MOYATKOBUI Koe(illieHT TepTs XapakTepHuid it 6a30Boi onusu [-40A
0e3 npucaznok ta 3 npucaakoro DI (puc. 5, kpusi 1 i 2) npu nokansHOMY Harpisi onusH 10 70°C (poboua
TeMIIepaTypa Ba)KKOHaBaHTXKEHUX TpaHCMiciil). MiHiManbHHUN MmoyaTKoBUi KoedilmieHT TepTs (ikcyeThest
st 3pasky Ne3 (puec. 5, kpuBa 3), KW MicTUTh Oe33ompHUN (Zn-Free) mommdikaTtop Tepts, mio
MOSICHIOETHCS KPAIIUMK aHTH()PUKIIIHHUMH BIaCTHBOCTSIMH.

B nopansmomy, npu jokagsHOMY Harpisi onueu 70 70°C (poOoua TeMieparypa BaXXKOHaBaHTAKEHHUX
TpaHCMicii) BIPOJOBXK BCHOTO YacCy MPOOIry, CIoCTepiracThes cTadimizamis aHTHOPUKIIHHEX BIACTHBOCTEH
JUISL BCIX 3pasKiB.

lonoBHuM yMHHUKOM cTabimizamii xoedilieHTy TepTs Uil yCiX 3pas3KiB MpH JIOKaJbHOMY Harpisi
onmusH 10 70°C (poboua TemnepaTypa Ba)KKOHABaHTaKEHUX TPAHCMICiii) BIPOJOBXK BChOTO 4acy npoOiry, €
CTBOPEHHSI, IIPH TaKUX yMOBAaX, ONTUMAJIBHOI €I1acTOTiIPOANHAMIYHOI IUIiBKH, SIKA TIO3UTHBHO BILIMBA€E Ha
aHTU(QPUKLIHHI BIaCTUBOCTI.

BucnoBok. BcraHoBneHi Kpailli TOTH3HOIIYBaJIbHI i aHTU(QPUKLiIHI BIACTHBOCTI 3pa3ka, IO MiCTUTh
cynbGinHo-pocdigHl CHONYKM Ta HE MICTUTh METAJOPraHiyHi CIOJNyKH (IIMHK) Jal0Th MOXIIUBICTh
PO3pOOIIATH MO 3aIPONOHOBaHI METOIUL crenianbHi MoTopHi onuBu LowSAPS mnst asurynis EURO 6 3
KpaluMH TPHOOTEXHIYHUMH XapaKTEPUCTHKAMHU, SIKi OCHAIIEHI CUCTeMaMy HedTpasizanii BignpanboBaHHX
ra3iB i, TaKMM YHMHOM, 3amo0iraTh TONIPYBaHHIO XOHIHTYBaJbHOI CITKM BHYTPIIIHBOI CTIHKH BTYJIKH
pobouoro nminapy B3 i 3a0pyaHEHHIO cHCTEM HeWTpaltizailii 30JIbHUMH BiKITaICHHIMH.
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CrarTs nmprcBsiYCHAa BU3HAYCHHIO 00’ €EMHOTO 3HOCY Ta KOe(DiIli€EHTY TEePTS B 3aJICKHOCTI BiT IpoOiry
aBToMOOTA. 7T KOMITJIEKCHOTO TIIBUINICHHS TPHOOTEXHIYHUX BJIACTHBOCTEH MACTWJIBHHX MaTepiaiiB
BHUKOPHUCTOBYIOTHCS MOAM(IKATOPH TEPTSA JUIS IMOKPAIIECHHS IPOTU3HONIYBAIBHUX 1 aHTU(PUKIIHHAX
BJIACTHUBOCTE  MACTWJIBHMUX  MaTepianmiB.  [IpomoHyeTbCs — PO3TISHYTH  METOIOMKY  CHeEliajJbHUX
TpUOOTEXHIUHUX AOCIimKeHb Ha Tpubomerpi CSM Instruments SA (LlBefiapist). 3rigHO 3anponoHOBaHiH
METOAMKH, Ha TpUOOMETpi Oy BCTAHOBJICHI Kpamli MPOTH3HOIIYBAJbHI i aHTU(PPUKIIHHI BIACTHBOCTI
crnemianpHuX 0e330ipHUX ZnFree TpuOomakeTiB ais 3MmainyBaHHs gu3eniB kiacy EURO 6. Pesynbratu
JOCII/DKEHHSI € BaXJIMBUMH, OCKIUIBKH OpPTaHivHI CHOJYKH Ha OCHOBI cynb®imiB Ta hocdiaiB mposBIsSIOTH
Kpallli IpOTU3HOIIYBaJIbHI BIaCTUBOCTI SK npH t = 20°C, TaK 1 pH JIoKaTbHOMY Harpisi onusu 10 70°C, He
3Ba)KAIOUM HA Te, HIO JaHi NPHUCAIKU MICTITh MiHIMAJIBHY KUTBKICTH (ocdopy U cipku, HE MICTATH
METaJIOBMICHI CHONYKH 1, TOMY, MOXYTb OYyTH pPEKOMEHIOBaHI JJs 3MallyBaHHS BY3JIB LMIIHAPO-
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niopmHeBoi rpymu (LII17) mBuryHiB BHyTpimHbOro 3ropsaus (/[IB3), mo Biamosimators BumMoram EUROG.
Jlani [BUTYHHW OCHAIIEHI CHCTEMOIO PEHHMPKYJAIii BimmparmsoBaHux ra3iB EGR, cemektuBHUMHI
katamizatopamu  SCR  Ta caxeBumMu  (irbTpamMu, TOMY OTPUMaHI Pe3yibTaTH  IMOJIIIICHUX
[IPOTU3HOIIYBAJIBHNX BJIACTUBOCTEH € Ba)KJIMBHMH IIOJ0 CTBOPCHHSA MOTOpHHUX osiuB Ty LowSaps.
BuzHaueHo, 110 TOJIOBHUM YHHHHKOM cTa0imi3arii kKoedimienTy TepTs IS YCiX 3pa3KiB MPH JOKATHHOMY
Harpiei omuBH 10 70°C (poboua TemIiepaTypa Ba)XKKOHABaHTAXKEHHX TPAHCMICIH) BIPOJOBK BCHOTO Yacy
npoOiry, € CTBOPEHHs, IPU TaKHUX YMOBaX, ONTUMAIILHOI €JacTOTiIPOAMHAMIYHOI TUTIBKH, SIKa MMO3UTHBHO
BIUIMBAaE Ha aHTH(PUKIIHHI BIaCTUBOCTI. BcTaHOBieHi Kpaimli TOTH3HONIYBAJIBHI ¥ aHTUPPUKIiIHI
BJIACTHBOCTI 3pa3ka, M0 MICTUTH CyNb(iaHO-(QochiaHI CHONTYKH Ta HE MICTUTh METAIOPTaHI4HI CIIONyKH
(UMHK) [aI0Th MOXIIHMBICTH PO3POOIATH MO 3alpONOHOBaHI METOMUIN CIeliaJbHi MOTOpPHI OJHBH
LowSAPS nns nBuryniB EURO 6 3 kpammmu TpHOOTEXHIYHMMH XapaKTepUCTHKaMH, fKi OCHAIeHi
CHUCTeMaMHu HeMTpaiizamii BiJIpalibOBaHWX Ta3iB 1, TaKUM YWHOM, 3aro0iraTd MOJipyBaHHIO
XOHIHTYBaJIbHOT CITKM BHYTPIIIHBOI CTiHKM BTYJIKH pobouoro mwiinapy JIB3 i1 3a0pyaHeHHIO cucTeM
HEHTpaizarii 30JIbHIMH B1IKTaICHHIMH.

KJIKOUOBI CJIOBA: MOTOPHA OJIMBA, TEMIIEPATYPA, MACTWJIbHUII MATEPIAJ,
AHTU®PUKIINHI BTIACTUBOCTI, KOE®ILIIEHT TEPTS, 3HOC, TPAHCMICIS, TIPUCAIKA.

ABSTRACT

Dmytrychenko M.F., Milanenko A.A., Savchuk A.N, Hlukhonets A.A., Turitsa Y.A., Kushch O.1,,
Kosenko M.I. Features of testing lowsaps motor oils for powerful euro 6 diesel engines. Visnyk National
Transport University. Series «Technical sciences». Scientific journal. — Kyiv: National Transport University,
2022. —Issue 3 (53).

The article is devoted to the determination of volumetric wear and friction coefficient depending on
the vehicle mileage. For a comprehensive increase in the tribological properties of lubricants, friction
modifiers are used to improve the antiwear and antifriction properties of lubricants. It is proposed to consider
the methodology of special tribotechnical studies on the CSM Instruments SA (Switzerland). According to
the proposed method, the best antiwear and antifriction properties of special ashless ZnFree tribopackages
for lubricating diesel engines of the EURO 6 class. The results of the study are important, since organic
compounds based on sulfides and phosphides exhibit the best antiwear properties both at t = 20°C and at
local heating of the oil to 70°C, despite the fact that these additives contain a minimum amount of
phosphorus and sulfur, which do not contain metal-containing compounds and, therefore, can be
recommended for lubricating units of the cylinder-piston group (CPG) of internal combustion engines (ICE)
that meet EUROG6 requirements. These engines are equipped with an EGR system, selective SCR catalysts
and particulate filters, so the results of improved anti-wear properties are important for the creation of
LowSaps type engine oils. It has been determined that the main factor in stabilizing the friction coefficient
for all samples during local heating of the oil to 70°C (operating temperature of heavily loaded
transmissions) throughout the entire run time is the creation of an optimal elastohydrodynamic film under
such conditions, which positively affects the antifriction properties. The established preferred sweat-seeking
and anti-friction properties of a sample containing sulfide-phosphide compounds and not containing
organometallic compounds (zinc) make it possible to develop special LowSAPS engine oils for EURO 6
engines with the best tribotechnical characteristics, which are equipped with such systems, using the
proposed method. Thus, to prevent polishing of the honing mesh of the inner wall of the sleeve of the
working cylinder of the internal combustion engine and contamination of the neutralization systems with ash
deposits.

KEY WORDS: ENGINE OIL, TEMPERATURE, OIL MATERIAL, ANTIFRICTION
PROPERTIES, GEAR COEFFICIENT, DRIFT, TRANSMISSION, ADDITIVE.
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