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The paper considers the development of a test bench for cleaning and
testing gasoline fuel injectors based on the ESP32 microcontroller. The
hardware structure of the system is described, including MOSFET switches for
injector control, a TFT display for parameter visualization, and rotary encoders
for adjusting frequency, pulse duration, and engine speed. The main operating
modes are analyzed: engine simulation, continuous mode, static mode, step test,
soft and intensive cleaning, burst mode, and frequency sweep mode. Particular
attention is paid to the algorithm for automatic frequency calculation and the
nonlinear dependence of pulse duration on engine speed and load. Prospects for
expanding the functionality by adding additional diagnostic features are
identified.

CydacHi O€H3MHOBI JBUTYHU OCHAIIYIOTHCSI CHUCTEMaMM EJIEKTPOHHOTO
BIIOPCKYBaHHS NAJIMBA, YYTIMBUMH JI0 CTaHY MAJIMBHUX (OPCYHOK. 3a0pyaHEH-
HS a00 HEKOpEeKTHa poOOTa 1HXKEKTOPIB MPU3BOJUTH IO MiJABHUILEHOI BUTPATU
NajanBa, 3HWKECHHS TOTYXHOCTI JBUTYHA Ta 30UIBIICHHS BUKHIIIB IIKIJTHBUX
peuoBuH [1]. IcHyroui cTeHaM UIs OUMINEHHS Ta MEPEeBIPKH (POPCYHOK
4acTO MaroTh OOMEXKEHUU HAOIp peKUMIB pOOOTH, HEJOCTATHIO THYUYKICTh Ha-
JamTyBaHb ab0 BUCOKY BapTicTh. KpiM Toro, y 6ararbox MpHUCTPOSX BIJICYTHS
MO>KJIMBICTh PEANICTUYHOI 1MiTalli poOOTH ABUTYHAa B IIMPOKOMY [l1ara3oHi
00epTiB [2].

Mertoto poboTu € po3poOKa yHIBEpCaIbHOTO CTEH/Ia MPOMHUBAHHS Ta TeC-
TyBaHHsI OCH3MHOBHMX NAJIMBHUX (POPCYHOK 3 PO3IMIMPEHUM HAOOPOM PEKUMIB
po0OOTH, MOKIIUBICTIO MOJENIOBaHHS poOoTH ABUryHa a0 7000 06/xB Ta 3pyd-
HUM KOPHUCTYBaIlbKUM iHTep(deiicom Ha 6a3i MikpokoHTposiepa ESP32.

CreHn mpoMHUBaHHS NATMBHUX (POPCYHOK OCH3MHOBUX JIBUTYHIB MPU3HA-
YEHUU I OYMIICHHSI, TIEPEeBIPKHU Ta iMiTaIlli poOOTH 1HXKEKTOPIB y PI3HUX pe-
xuMmax. OcHOBOIO cucTeMH € MikpokoHTposiep ESP32, skuii xepye dotupma
dopcynkamu yepe3 MOSFET-kmtoui. Koxkna ¢gopcyHka migkiatodeHa 10 oKpe-
MOTO TPAH3HUCTOPA 13 3aXUCHHUM J10JIOM Ta KEPYEThCS IMITYJIbCaMU 3aJ]aHO1 Yac-
TOTH ¥ TpuBasocTi. JKuBiieHHS (HOPCYHOK 3I1MCHIOEThCS BiJ Jikepena 12 B 13
3arajibHOI0 «3eMJICI0» 3 MIKPOKOHTpoJiepoM [3].

KepyBaHHs CT€HJIOM peasli3oBaHO 3a JOMOMOTOI0 JBOX 1HKPEMEHTaIbHUX
enkojiepiB Tuny EC11 a6o KY-040 3 kHonkoro. [lepmuii eHkonep BUKOPUCTO-
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BY€ThCS 11 3MiHM 00epTiB ABUTYHa (RPM) abo yacTtoTu IMIyJbCiB, APYTrUd —
JUISL pEryJIFOBaHHSI HaBaHTa)KeHHs a00 TPUBAJIOCTI IMITYJIbCY. [lo1aTKOBa KHOIKA
JTIO3BOJISIE BUOMPATH KUIBKICTh aKTUBHUX (OpCYHOK (Bix 1 110 4), npuuomy 1eit
napameTp € CHUIBHUM JUIsl BCIX peXuMiB poOoTu. BimoOpakenHs iHpopmaiii
3niicHoeThest Ha TFT-nucmiei L1934 1, miakmrouenomy uepes intepdeiic SPI.

[Iporpamue  3a0e3meueHHS  MICTUTh  BICIM  PEXKHMIB  pOOOTH:
ENGINE SIM (imitamis asuryna), CONTINUOUS (Ge3nepepBHHII peKuM),
STATIC (moBsicTtio Bigkputa Gopcynka), STEP TEST (ctyminuacra 3miHa 4a-
crotn), CLEAN SOFT (m’sixa nmpomuBka), CLEAN HARD (inTeHcuBHa mpo-
muBka), BURST (ynmapni imnynscu) Ta SWEEP (mnaBaa 3miHa yactoTn). Y pe-
xuMi ENGINE SIM wactora iMIynbCiB aBTOMAaTHYHO PO3PAXOBYETHCS SK
RPM/120, a TpuBaJIICTh IMITYJIbCY 3MIHIOETHCS 32 HEIIHIMHOIO 3aJIEXKHICTIO Bij
00€epTiB 1 HABAHTAKEHHS, 1110 TO3BOJISIE HAOIU3UTU POOOTY CTEHAA A0 peaTbHUX
yMOB ekcrutyaraiii nsuryna. Kpok 3minu o6eptiB cranoButh 50 RPM y giana-
30H1 10 7000 RPM.

Cucrema BukopuctoBye anaparuuii Taiimep ESP32 nns Tounoro dopmy-
BaHHs IMITyJIbCIB, 110 3a0e3nedyye cTaOUIbHICTh POOOTH HAa BUCOKMX YacTOTAaX.
[HTepdeiic MEHIO € HUKIIYHUM: NEPEMUKAHHS PEXKUMIB 3A1MCHIOETHCS KHOI-
KOI0, a 3aITyCK 1 3yIMHKa POOOTH — OKPEMOIO KJIaBIIIEHO.

BucHoBku. Po3po0iienuil cTeH 1 noeaHye anapaTHy IpOCTOTY Ta Iporpa-
MHY THYYKICTh. BiH J103BOJIsSI€E MPOBOAUTH J1arHOCTUKY, TECTYBAHHS W OUMIICH-
Hs1 (OPCYHOK y PI3HUX PEKHUMAX, MOJIEIIOBATU PoOOTy ABuryHa 10 7000 06/xB
Ta 3a0e3nevye 3pyyHe KepyBaHHs 3aBISKU JUCIUICIO Ta EHKOAepaM. 3arporoHo-
BaHE PIIIEHHS PO3IIUPIOE (PYHKIIOHAIBbHI MOXKJIMBOCTI MOPIBHSIHO 3 0a30BUMHU
aHaJIoTaMH Ta MOXe OyTH BUKOPUCTAHE /I HAaBYAIbHHX 1 CEPBICHUX IILJICH.

CnHcoK BUKOPUCTaHUX JKEPEd:

1. Bosch Automotive Handbook. 10th ed. Stuttgar: Bosch GmbH, 2018.
2048p.

2. Heywood J. B. Internal Combustion Engine Fundamentals. 2nd ed. New
York : McGraw-Hill, 2018. 481 p.

3.Halim M. S. N. A., Selamat H., Alimin A. J., Muslim M. T.
Development of an Experimental Test Bench for an Electronically Control Fuel
Injection System // ELEKTRIKA — Journal of Electrical Engineering. 2017.
Vol. 16, No 3. P. 30-35. DOI: https://doi.org/10.11113/elektrika.v16n3.43

4. ESP32 Technical Reference Manual. [Enextponnuii pecypc]. Espressif
Systems. URL: https://documentation.espressif.com/esp32 technical reference
_manual_en.pdf (nara 3sepuenns: 05.03.2026).

5.KY-040 Rotary Encoder Module Datasheet. [Enexktponnuii pecypc].
URL: https://www.alldatasheet.com/datasheet-pdf/pdf/1648739/JOY-IT/KY -
040.html (nara 3Bepuenns: 05.03.2026).

6. Johnson D., Roth G. et al. Development of Electrical-Electronic Controls
for a Gasoline Direct Injection Compression Ignition Engine // SAE Technical
Paper 2016-01-0614. 2016. DOI: https://doi.org/10.4271/2016-01-0614.

505



