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DEVELOPMENT AND IMPLEMENTATION OF HIGH-PERFORMANCE
CIRCULAR RETROREFLECTIVE ELEMENTS FOR ILLUMINATION OF
HIGHWAYS AND TRANSPORT NETWORKS OF KYIV

Introduction. The introduction of advanced microprism retroreflective (cataphote reflectors) elements to illuminate
highways contributes to improving road safety, especially, in the dark time. Therefore, the implementation of a competiti-
ve R&D project for the development of new types of cataphote reflectors is an important task.

Problem Statement. As a result of a rapid increase in car flows and traffic intensity, improving traffic safety on highways
due to the use of modern road signs and equipment is a relevant problem that needs to be urgently addressed.

Purpose. The creation of new types of high-performance microprism cataphote reflectors for illuminating motor roads
and highways.

Materials and Methods. Computational methods for obtaining geometrical parameters of cataphote reflectors have
been applied; diamond cutting technique has been developed for the formation of microrelief of retroreflective device. New
elements have been manufactured using galvanic stamps with microprism retroreflective relief; the elements of cataphote
reflectors have been assembled by ultrasonic welding.

Results. Technological processes, precision equipment, and special equipment have been designed for manufacturing
cataphote reflector cases from polycarbonate, forming light-reflective microprism structures from polymethylmethacry-
late, assembling devices into a single optical block and sealing the final products by ultrasonic welding.

Conclusion. A configuration has been designed and a trial batch of 500 pcs of curb circular cataphote reflectors with
microprism round-shaped light elements has been manufactured. The devices have been installed by Kyivautodor road
corporation at the crossings with most intensive traffic in Kyiv for trial run and preparation of recommendations for expand-
ing the use of such devices in Ukraine.

Keywords: retroreflective element, cataphote, diamond cutting, and traffic safety.

The development of modern microprism ret- The current nomenclature of light reflectors
roreflective (cat’s eye) elements to be installed | does not fully meet the needs of equipping high-
on highways is a relevant research and enginee- | ways with the means of improving traffic safety.
ring problem. The introduction of such products | Equipping of roundabouts, ground crossings of
will definitely contribute to improving road safe- | highways and streets, U-turns, and safety islands
ty, especially in night time. The use of retro-ref- | with retroreflective safety devices is a problem
lective elements is known to increase the distance | of particular importance. Due to specific geomet-
from which the driver on the move sees an obs- | ric parameters of the mentioned intersections,
tacle from 25—40 m to 300—400 m, which accor- | there is a need for the use of special (circular)
dingly, reduces the potential risk almost 7 times. | shape of cat’s eye elements. Such retroreflective

devices ensure the visibility of the entire object
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Fig. 1. General view of circular retroreflective element

information about the form of an obstacle in ad-
vance.

That is why, the main goal of respective R&D
project completed in 2017 by researchers of the
Institute of Information Recording of the NAS of
Ukraine and initiated and supported by Kyivav-
todor Municipal Corporation was the develop-
ment, manufacture, and implementation of com-
petitive modern high-tech microprism super-
conductors and the study of their characteristics

for the purpose of their use on highways, road in-
terchanges, and in the transport network of the
city of Kyiv.

The light efficiency of the microprism reflec-
tive element is directly related to the physical
phenomenon of "total light internal reflection”
[1]. The process is ensured by threefold reflection
of light beam from three mutually perpendicular
planes of angle reflectors formed on the cat’s-eye
element surface. Methods for calculating and op-
timizing the geometrical parameters of retrore-
flective devices [2] and technology for forming
the corresponding microrelief by the diamond
cutting method [3] have been developed in TIR of
the NAS of Ukraine.

To complete the planned project successfully,
a complex of precision equipment for the pro-
duction of original matrices and galvanic prints
with a microprism retroreflective relief has been
upgraded and put into operation [4]. A series of
fundamental and applied research has been com-
pleted. Its first stage has included the creation of
a special diamond tool and precision equipment

Fig. 2. Use of retroreflective elements developed at IIR of the NAS of Ukraine at the Victory Square in Kyiv
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for producing original mirrored matrixes of mi-
croprism elements. The diamond cutting plant is
equipped with high-precision optical systems
for measuring and controlling the angles of turn
and tilt of the cutter axis, which provides the
necessary straightforwardness and precision of
cutter motion.

At the next stage, the technology for manuf-
acturing polymer retroreflective elements and
their box-like workpieces by the hot pressing and
die-casting methods with the use of technologi-
cal processes and equipment developed at the IIR
of the NAS of Ukraine has been improved. These
processes are conventionally divided into the
following;

+ the technological processes and precision equip-
ment for producing high-performance poly-
meric microprism retroreflective elements of
circular shape;

+ the equipment for manufacturing the light-re-
flective structure bodies made of structural
plastics.

The final stage is the assembly of parts of the
retroreflective devices into a single block and the
sealing of light-reflective microprism structures.
To this end, technological processes, precision
equipment, and special equipment for ultrasonic
welding of microprism structures have been de-
veloped. Measure test benches have been created
to control spatial diagrams of reflected beams and
the light reflection coefficient of designed cat’s-
eye elements.

As aresult of the project implementation in the
IIR of the NAS of Ukraine, 500 prototype border
circular light reflectors have been manufactured
using the developed technology. The general view
of the new light reflector is shown in Fig. 1. The
light reflection coefficient of circular cat’s-eye el-
ements is 600—700 cd/(lux x m?) that exceeds
the characteristics of existing foreign analogs.

In October—November 2017, the mentioned
light reflectors were installed by Kyivavtodor on
several road junctions in Kyiv with the highest
traffic intensity, in particular, on the Victory
Square, at crossroads in the Darnytskyi District
of Kyiv, on the Leningrad Square, and near the
Livoberezhna subway station. The effectiveness
of developed retroreflective devices is illustra-
ted in Fig. 2.

The product trials have confirmed their reli-
ability and feasibility of their use to improve traf-
fic safety at night time. According to the results
of this project, Kyivavtodor has expressed their
intention to continue joint work in order to ex-
pand the scope of implementation of the de-
veloped circular microprism retroreflective ele-
ments in Kyiv and in other cities of Ukraine.

Thus, the design of circular border cat’s-eye
devices with a microprism retroreflective cir-
cular-shaped elements is effective for illumina-
ting the road furniture, since the use of such de-
vices significantly improves the safety of motor
vehicles.
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PO3POBKA TA BITPOBA/IKEHHSA BUCOKOEQEKTUBHNX
KPYTOBUX CBITJIOIIOBEPTAJIbHUX EJIEMEHTIB
JIJII ABTOMATICTPAJIE TA TPAHCIIOPTHMX MEPEX KEBA

Beryn. BiipoBajskeHHST cydyacHUX MiKPOTIPU3MOBUX CBITJIOMOBEPTAIBHUX €JIeMeHTiB (KaTadoTiB) /71T OCHAIIIEHHS aB-
TONISAXIB CHPUATUME MiABUIIEHHIO Oe3MeKH 0POKHBOTO PYXY, IEPII 3a BCe, B TeMHUIT yac 1001, ToMy € CBOEYacHUM BHU-
KOHAHHSI KOHKYPCHOTO HAyKOBO—TEXHIYHOTO POEKTY 3 PO3POOKH TAKHMX MTPUCTPOTIB.

IIpoGaemaTuka. 3Bakalouu Ha CTpiMKe 30LJbIIEHHS] aBTOMOOILIENIOTOKIB Ta 3POCTAHHST IHTEHCHMBHOCTI JOPOKHBOTO
DYXY, aKTYQJIbHUM [UTAHHSIM € IIIBUIIEHHS] GE3IIeKU PyXy Ha aBTOMAriCTPAJISIX 32 PaXyHOK BUKOPUCTAHHSI CYyYaCHUX J[0-
POKHIX 3HAKIB Ta 00JIaiHAHHSL.

Merta. CTBOpeHHST HOBUX THUIIiB BUCOKOE(DEKTUBHUX MiKPOTPU3MOBHUX KaTadoTiB /71T BAKOPUCTAHHS TIPU OCHATIEHHI
ABTOIIJISIXIB.

Marepiamm it MeToau. BUKOprCTaHO PO3PAaXyHKOBI METO/N [Tl BU3HAUEHHS TEOMETPUYHUX TapaMeTpiB KaTadoTis,
METO/l aJIMa3HOTO Pi3aHHd — I 1porecy (hopMyBaHHS MiKpopeabedy CBiT/IOMOBepTaIbHOrO IpucTpoio. Hosi erementn
BUTOTOBJICHO 3 BUKOPUCTAHHSM I'aJIbBAaHIYHUX HITAMIIB 3 MiKPOIIPU3MOBHUM CBITJIONIOBEPTAJIbHUM PesibedoM, a 3’ €iHaHH
eJIeMeHTiB KaTadoTiB BUKOHAHO HIJIXOM YJIBTPa3ByKOBOTO 3BAPIOBAHHS.

Pesyasratit. Po3po6ieHo TEXHOJMOTIUHI MPOTIecH, TIPenn3iiitie 06IafHaHHs Ta CIeliaTbHe OCHAIIEHHS IIsT BUTOTOB-
JIEHHsI KOPITyciB KatadoTiB 3 mosikapboHary, (hOpMyBaHHS CBITIONOBEPTAIBHUX MIKPOIIPU3MOBUX CTPYKTYP 3 TOJIMETUI-
MeTaKpuJary, 30MpaHHst IPUCTPOIB B €AMHUIN ONITUYHIIT GJIOK Ta repMeTU3allil KiHIEBUX BUPOOIB METOOM YJIBTPa3ByKOBO-
'O 3BApIOBAHHSI.

BucnoBku. Po3po6ieHo KOHCTPYKIIIIO Ta BUTOTOBJIEHO A0CiAHO-TpoMUCcI0BY TiapTito (500 mit.) kpyroBux 6opaiop-
HUX KaTadoTiB 3 MIKPONPU3MOBUMU CBITJIOTIOBEPTATBHUME eJleMeHTaMU KPYyTJIoi GOopMH, SIKi BCTAHOBJIEHO (DaxXiBISIMUI
KomyHasbHOI Kopriopaitii « KuiBaBrogop» Ha HallGIIbII HATIPYKEHUX TTI€PEXPECTsIX aBToNLIAXiB Kuesa 3 MeToo 10cmiHol
iX ekcruryaTaliii Ta [iAroToOBKM peKOMEH/IaIlil 1110/10 PO3UINPEHHS 00CATIB BUKOPUCTAHHS 3a3HAYCHUX IPUCTPOIB B YKpaiHi.

Kurwowuoei croea: citnonoBepraibHuil eieMenT, KaraboT, aiMasHe pizanusi, besreka pyxy.
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PASPABOTKA 1 BHEJAPEHUE BICOKOOOOEKTMBHDIX
KPYTOBBIX CBETOBO3BPAHIIAIOIINX 9JIEMEHTOB
JITIT ABTOMATUCTPAJIEN I TPAHCIIOPTHBIX CETEV KMEBA

Benenue. Buenpenue coBpeMeHHBIX MUKPOIIPU3MEHHBIX CBETOBO3BPAIAIONINX 9JIeMeHTOB (KaTadoTOB) /IS OCHAIIIE-
HUsT aBTOAOPOT GyZIeT CrocoOGCTBOBATH MOBBIMIEHUIO 0E30MACHOCTH JIOPOKHOTO JIBHIKEHNUST, IPEXKE BCETO, B TEMHOE BPEMSI
cyTok. [ToaTomy sIBJIsIETCST CBOEBPEMEHHBIM BBITIOJHEHHE KOHKYPCHOTO HAYyYHO-TEXHUYECKOTO MPOEKTa M0 pa3paboTKe HO-
BBIX TUIIOB TAKUX YCTPOICTB.

IIpoGaemaruka. [I[puHuMast BO BHUMAHKUE CTPEMUTEJNBHOE YBeJNYeHHe aBTOMOOUJIENIOTOKOB U BO3PAcTaHue MHTEH-
CHBHOCTH JIOPOKHOTO JIBUKEHUST, AKTYAJIBHBIM BOIIPOCOM SIBJISIETCSI TIOBBIIIEHNE GE30MIaCHOCTH JABUKEHNUST Ha aBTOMArnCT-
PaJIsIX 3a CYET MCIIOJIb30BAHUS COBPEMEHHBIX JIOPOKHBIX 3HAKOB 1 000PY/IOBAHNSI.

ens. Cosnanre HOBBIX TUIIOB BHICOKOA(h(MEKTUBHBIX MUKPOIIPU3MEHHBIX KaTa(hOTOB /IJISE NCIIOJIB30BAHUS B OCHAIIIE-
HUU aBTOJIOPOT.

Marepuassl 4 MeTobI. VIC1101b30BaHbl pacyeTHbIE METO/IbI /LIS OTIPE/Ie/IEHUS] TeOMETPUYECKUX 1apaMeTpoB Katago-
TOB, METO/] AJIMa3HOT'0 Pe3aHus — JJid Ipoltecca GopMUPOBaHNsS MUKpopesbeda cBeToBo3Bpalatoniero yerpoiicrsa. Hosbre
AJIEMEHTDBI U3TOTOBJICHBI C UCIIOIB30BAHNEM T'aJIbBAHUYECKUX IITAMIIOB ¢ MUKPOIIPU3MEHHBIM CBETOOTPAKAIONIUM peJibe-
hom, c60pka smeMeHTOB KaTahOTOB BHITIOJIHEHA Ty TEM YIBTPa3ByKOBOH CBAPKHL.

Pesyabrarpl. PazpaboTanbl TeXHOJOTHYECKHE TIPOIECCHI, MPENU3MOHHOe 000PYIOBAHNE U CHENNATbHOE OCHAIIEHNE
IS U3TOTOBJIEHUSI KOPITYCOB KatahoToB U3 1oauKapboHaTa, (OPMUPOBAHKS CBETOBO3BPAIIAILIIUNX MUKPOIPU3MEHHBIX
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CTPYKTYP U3 MOJTUMETHIIMETAKPHUJIaTa, COCIMHECHU lIeTa]IefI B e]lHHBIfI OINTUYECKUI 6]IOK 1 repMeTusaliii KOHEYHbIX U3/1€-
JINH METOJIOM YJIBTPa3BYKOBOH CBApKHU.

BeiBoabl. PaszpaboTana KOHCTPYKIIUS U U3TOTOBJIEHA OIBITHO-TIPOMBIILIeHHAs apTust (500 mT.) KpyroBuix 6GopAr0p-
HBIX KaTaOTOB ¢ MUKPOIIPU3MEHHBIMU CBETOOTPAKAIONIMMU dJIEMEHTAMU KPYTJIOi (POPMBI, KOTOpPBIE YCTAHOBJIEHBI CITe-
uanucramu Kommynasbroil kopriopanuu «Kuepasrogop» Ha Hanbosiee HaPsKEHHBIX TIEPEKPecTKax aBTogopor Kiesa
C TIEJTBIO OTIBITHON WX IKCILIYATAINU M MOATOTOBKU PEKOMEHIAIMH TI0 PACIIHPEHIIO 06BEMOB UCIIOIB30BAHNUS YKAZAHHBIX
YCTPOUCTB B YKpauHe.

Knwouesvie crnosa: CBGTOBOSBpaH_[aIOH_[I/Iﬁ 9JIEMEHT, KaTa(bOT, aJIMa3HOe pe3aHue, 6e3011aCHOCTD JIBUKEHUWA.
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