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B pa60TaTa € NpeanoxeHa npocTa U HagexnHa cxema 3a ynpasfieHne Ha jBe NoMnu OT cucTeMata Ha pyaHUYHMA BOAOOTNMB, Ha 6asarta Ha Taitmep 555. Bucokata
HafeXaHoCT, NPOCTOTa U HUCKaTa LieHa AaBaT Bb3MOXHOCT CXxemata [a ce 13nofi3Ba BMeCTO cneunanuampaHuTe MUKPOKOMNIOTbPHU CUCTEMN.

YBO[

CxemaTa Ha BOLOOTNMBA B €AMH PYOHUK 3aBUCK OT AbN6o-
YMHaTa Ha LaxTarta, 6posi Ha XOpU3OHTUTE, NPUTOKA Ha BoAa U
[Op. Hait-npocta e cxemara ¢ eaHa BOAOOTIMBHa ypeaoa.

[MaBHWUTE, cromaraTenHn U NPexBLPISLM BOAOOTNIMBHM
ypeabu, KouTo U3NOMNBAT BOLA OT BOAOCOOPHULMTE CE pa3mno-
narat B cneupanHmn kamepy, 06MKHOBEHO HafJ HUBOTO Ha BOAA-
Ta. C yen obrnekyaBaHe Ha aBTOMATU3aLMSTa, OCUTYpsiBaHe Ha
MOCTOAHHO 3anMBaHe Ha NoMnnTe M noBULlaBaHe Ha K.n.g. ce
13non3eart U Kamepu, KOUTo ca nof HMBOTO Ha BoAaATaA.

Cuctemata 3a aBTOMaTW3aUMs Ha PYAHUYHWS BOLOOTNNB
cnopes (Menekymos u ap. 1973; BonoTkosckui u ap. 1983)
TpsibBa fa ocurypsiea:

- aBTOMAaTMYHO YMpaBneHWe — MyckaHe Ha MOMMUTE C
npeaBapuTeNHO 3anvBaHe 1 CMpaHe B 3aBUCUMOCT OT HUBOTO
Ha BoAaTa BbB BOAOCOOPHUKA;

- PBYHO yNpaBreHue;

- nocrnepoBaTtenHa pabota Ha NOMIUTE M AUCTAHLMOHHO
yrpaBneHve;

- BKIIOYBAHE Ha [OOMbIHUTENHW NOMNM MPW NMOBULLABAHE
Ha HMBOTO Ha BopaTa;

- aBTOMAaTW4HO BKMIOYBaHE Ha PE3EPBHA NOMMA;

- aBTOMAaTMYHO M3KMKOYBaHe Ha nomma npu 3aryba Ha
NPOM3BOANTENHOCT;

- BnoKMPOBKYM, U3KMKYBALLM BB3MOXHOCTTA 3a MyckaHe npu
He3anaTa nomna;

- XuOpaBnMYHa 3aluTa;

- CurHanusaumst 3a paboTtaTta Ha NOMMUTE M aBapUAHUTE
U3KMIOYBaHNS.

Anapartyparta, KosTo paboTu B HalWTe PyAHULM € rMaBHO
CbBETCKO NPOM3BOACTBO:
- AB-5, AB -7 - anapaTypa 3a y4aCTbKOB BOLOOTIUB;

- ABH - 1M - anapatypa 3a aBTOMaTM4HO ynpaBrneHue Ha
TPW NOMNK;

- YAB - yHucuumpaHa anapatypa 3a aBTOMaTu4HO ynpas-
neHve Ha 16 nomnu;

- BAB - anapartypa 3a ynpasneHue Ha 9 nomMnM C BUCOKO-
BOITTOBM W HUCKOBOSTOBM ABUraTenNu.

B enemeHTHaTa 6asa Ha u3bpoeHaTa anapatypa npeo6na-
[aBar pereTa, MOTOPH penieTa v PbyHW NPEeBKIioYBaTeni —
BCUUKM C MEXaHWYHW KOHTAKTU. A, Hail-HOBUTE TEXHUYECKM
PeLLeHIs! Ca peanuanpaHu Ypes MUKPOMPOLIECOPHN KOMaHIo-
KOHTPONEPM 1 BE3KOHTAKTHI M3MbIHUTENHI MEXaHN3MM.

Tyk npegnarame efHa nMpuUMepHa Cxema 3a aBTOMAaTU4HO
ynpaBneHue Ha ABe NOMMK 3a BOJOOTNMB Ha Basata Ha Tan-
mep 555. C Hesl uckame fa nokaxeMm Bb3MOXHOCTUTE 3a pea-
NU3MpaHe Ha CPaBHUTENHO MPOCTW CXEMW 33 aBTOMATWYHO
yNpaBreHWe Ha NoOMMN NOCPEACTBOM TO3W TauMep.

CMHTE3 HA CXEMA 3A YMNPABNEHWE

3apavara e fa ce peanuavpa cxema 3a yrpaBlieHue Ha e
MOMMK, KOUTO He Ce HyXaasT OT 3anuBaHe. TakuBa ca noto-
NAEeMUTE NOMMM UMW NOMAM MOHTUPAHM B KaMepu Nog HUBOTO
Ha BogaTa BbB BOAOCOOPHMKA.

Cnopeg 6rok-cxemata oT ¢our.1 nomna 1 e oCHOBHa U T ce
BKMKOYBA NpU AOCTUraHe Ha BoAaTa Ao HMBO 1, upes Tpurepa
“imBo 1”. BrnokbT “koHTpon Ha [febuta’ npoBepsiBa cneq
Bpeme T OT nyckaHeTo aebuta Ha momna 1 ypes faTuuk 3a
pebut. Ako pebutsT 1 e HopMarneH, nomna 1 npogbixaea Aa
pabotu. Mpu Bb3HWKBAHe Ha AedekT B nomna 1, OeOUTLT K
Hamansiea, OMOKbT “KOHTPON Ha Aebuta’ s W3knuBa K
BKIIOYBa Momna 2. B cryyaii Ha noBuMLLEH NPUTOK Ha BOAA BbB
BoAocOopHMKa, paboTata Ha edHa MoMna € HeaocTaTbyHa U



Mpu NoKaysaHe Ha BoAaTa Had HMBO 2 Ce BKMIYBA Nomna 2,
KosTO paboTi eaHOBPEMEHHO C nomna 1.

Ha ocHoBaTa Ha Ta3u 6110koBa cxeMa e CUHTE3MpaHa cxema-
Ta oT ¢ur. 2. M3nonssanu ca 4 taimepa LM555. WHTerpan-
HaTa cxema LM555 ce cbCcToM OT TOYEH BXOAEH AenuTen, ABa

komnapaTopa, RS Tpurep, u3xoaeH ycunsaten U paspsaeH
TpaH3ucTop. Ypes BbHwHa RC rpyna uHTerpanHata cxema
LM555 obukHOBeHO paboTW kaTo Talimep Ha EeauHUYHM
uMmnyncy unu kato rerepatop. MIC Moxe Aa ce U3non3ea Chllo
1 KaTo TpUrep C ABe HUBA Ha BKIIOYBAHE M M3KMIOYBaHE.
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BbB BogocbopHUKa Ca CrycHaTW eneKTPOAHM AaTyvum Ha
TPU HMBA, KOMTO Ca CBbP3aHM KbM CbOTBETHUTE BXOAOBE Ha
Tpurepute | 1 |l. KoraTo 4aTumKbT € CyX HEroBMST NoTeHuman
€ BUCOK, Tbil KaTo € CBbP3aH NMpe3 CbNPOTMBIEHWE KbM NMtca
Ha 3axpaHBaHeTo. KoraTo AaTuMKbT € NOTONEH, Npe3 Chpo-
TMBNEHWETO Ha BofaTa TOW Ce CBbp3Ba KbM 3eMs U NOTEH-
UuanbT My CTaBa HUCHK.

lMpu pocturaHe Ha BopaTa BbB BOLOCOOPHUKA 40 HMBO H1
ce Bknwousa Tpurep |. WaxogbT My 3 nomyyaBa BWCOK
noTeHuman, 3agenctaa ce peneto P1, koeTo BkntouBa nomna
1. BopaTta ce u3nomnea 1 npu gocturaHe Ha AonHo Hueo HO,
patunksT HO octaBa cyx, Tpurep | ce M3krouBa, U3KMoYBa ce
1 nomnata ype3 peneto P1.

AKO MpUTOKLT Ha BoAa BbB BOAOCOOPHMKA € Mo-ronsm ot
pebuta Ha nomna 1, BogaTa AocTura [0 HMBO H2 U upes
Tpurepa 3a HuBO Il ce nopaBa 3axpaHBaHe Ha peneto P2.

TpaHsucTopbT T1 B TO3M MOMEHT € OTBOpeH, peneTo P2 ce
3afjenctea W nycka nomna 2, KOoATo 3anoysa da pabotu
€[HOBPEMEHHO C nomna 1.

Bb3amoxHM ca Tpu pexuma Ha pabota:
1. PaboTtu camo eaHa nomna;
2. PaboTtaT egHOBPEMEHHO ABETE MOMMM NpK NMOKayBaHe Ha
HWBOTO Ha BOAATA;
3. Pabotu camo nomna 2 npu aBapus B nomna 1.

ABapUiHMAT pexum Ha nomna 1 ce ycTaHoBsiBa 4pe3
YCTPOWCTBOTO 3a KOHTPON Ha febuTta, peanusupaHo 4pes
Taimep (UCIIl) u Tpurep (UCIV). TailMepbT NoaabPXKA PENeTo
P1 BkntoveHo 10 sek, B KOWTO WHTepBan AaT4YMKLT 3a 4ebut
[0.0. TpsbBa pa nomame curHan 3a HopmaneH aebut. Ako
nebutbT He e HopmaneH Ha Bxofa Ha MICIV ce nogaBa HUCHK
noTeHUMar, a u3xogbT M (T. 2) NonyyaBa BUCOK MOTEHLMA.
Toit kato peneto P1 e BkntoyeHo mexay T. 1M T. 2. utecac



BMCOK MOTEHLMAN npu aBapueH pexuM, peneto ce U3KMoYBa.
B cwLoTo Bpeme nsxogsT Ha UCIV 3axpansa npes auoga D2
peneto P2. Ha 6asata Ha TpaHauctopa T1 uMmMa BMCOK
noTeHUan u Toi BKNouBa peneto P2, koeTo nycka nomna 2
kaTo pe3epBHa. Taka peneto P2 ce BKMoYBa aKo € U3MbIHEHO
MOHe eJHO OT CeJHMTE YCIOBUS:

- HMBOTO Ha BogaTa € Hag H1 v nomna 1 HAmMa HopmaneH
nebut;

- HMBOTO Ha BoaaTa e Hag H2.

B mbpBus cnyyait BTOpaTa Momna ce BKMOYBa KaTo
pe3epBHa, a BbB BTOPWA KaTo criomaraTenHa npu MoBULLEH
MPUTOK Ha BOJA BbB BOAOCOOPHMKA.

M3YNCNABAHE N HACTPOVIKA

Tpvrepu 3a HUBO
TpsbBa na ce u3bepat TakuBa CTOAHOCTW Ha CbMNPOTUBIE-

Husta Rq, Ro n R3, ue korato enektpogHute garumum Hyq,
H> n Hy ca notonenn BB Boata, TexHusT noteHuman ga

1
ObAe no-HUCBK OT guc. ToBa e peanHoTO OMOPHO HWBO Ha

3afencTBaHe Ha BXOoaHuUs komnapatop (kpave 2 Ha WC), nog
KOETO TpUrepbT Ce BKIOYBA.

Tbih KaToO CbNPOTUBNEHMETO HA BOAATA MeXay NOTOMEHMs
paTuik u 3ems He Hagxebpns 20 KkQ , cbnpoTuBneHusTa

R4, R2 n R3 1psbea na ca no-ronemn ot 60k . Hue cve

n3dpanu croitHoct 100 kQ . KoHpensatopute Cq 1 C; ca no
10 nF. Korato HuBOTO Ha BOgaTa ce nokaun Hag Hi ce
BKItoyBa Tpurep | (BuUCOK noTeHuman T. 1), a korato cnagHe
nog Ho Tpurep®bT ce M3kntoyBa. PeCnekTMBHO KOraTo HUBOTO
Ha BogaTa e Hag Ha ce Bkntousa Tpurep Il, a korato e nog H4
TPUrepBT Ce M3KIIYBa.

Taitmep
TainmepwT Il ce nycka egHOBPEMEHHO ¢ Tpurep | npes rpy-
nata R5, R6, C3, T2. CtoitHocTuTe Ha enemeHTuTe ca R5 = 10

kQ , R6=27kQ , C3 =100 nF. MpoagbmkutenHocTTa Ha

MOMOXMTENTHWUS UMNYIIC ce onpegens ot uapasa T = 1,1.R7.C5.
Mpu R7 = 100 kQ , C5 = 100 W F npoabmxuUTenHocTTa Ha
nmnynca e 10sek. - Bpeme AOCTaTbYHO 3a pasBbpTaHe Ha
nomna 1 n JocTuraHe Ha HopMasHUAT n gebur.

Tpwrep 3a gedut

Ha Bxoga Ha Tpurepa IV noctbnBaT ABa curHana - OT
Taiimepa 1 oT Aatynka 3a aebut [.4. MNpu HopmanHa paboTa
Ha m3xoga (T. 2) TpsibBa 4a “Ma HUCHK NOTEHLMan, a Ha BXofa

Bucok. Mpe3 nbpaute 10 sek. BACOKMAT noTeHUMan Ha Bxoda
Ha Tpurepa ce nogaea oT Taiimepa, a cneg toea ot [.[. Ako
cnen 10 sek. gaTumKbLT He nogaae BUCOK MOTEHLMAn TPUrepsT
ce MpeBkMYBa (BMCOK mMoTeHuuan T. 2), peneto Pq ce

u3kntouBa, peneto P2 ce BkmoyBa 1 ceeTea ceetogmoda D7 ,
koeTo e WHAuKauus 3a aBapusi B momna 1. CToOMHOCTTa Ha
cbnpotuenenneto R8 e 10 k) . To orpaHuyasa TokbT o1 [.4.
KbM 13X04a Ha TanmMepa, Korato TOW € U3KITHOYEH.

3AKNIOYEHNE

lpennoxeHata cxema 3a aBTOMATWUYHO YMpaBrieHWE €
peanuaupaHa B nabopaTopHW YCroBUS C [BE WHTErpanHu
cxemn LM556 (aBa Taimepa 555 B eguH kopnyc). 3axpaHBa-
HeTo e +12V. CbnpoTUBNEHMETO Ha BOAaTa M CurHana ofT
AaTyvka OT AebuT ce umuTupar, Taka ye aa Obaat npoBepeHm
BCUYKM CBCTOSHUS U (OYHKUMOHMpaHETO Ha cxemata. OCHOB-
HWTe NPeaMMCTBA Ha cxemarTa ca:
- Hucka ueHa - LleHata Ha BCWYKM eNEeMEHTU 3aefHo C
3axpaHBaHeTo He Haaswuwaea 20 n..;
- Bucoka HagexgHOCT M pemMoHTONpUrogHocT - bpost Ha
€NEKTPOHHUTE KOMMOHEHTW € MalTbK. MHTerpanHuTe cxemu ca
MOHTUPaHX Ha LOKNK W npu gedekT ce noaMeHaT 6bp3o u
NeCHO;
- BbamoxHoOCT 3a pasiumpsBaHe - CxemaTa e NocTpoeHa Ha
6nokoB MpuHUMN M MOXe necHo Aa Gbge pasiumpeHa 3a
ynpasneHue Ha no-ronsM Gpon nommu. ChblLo Taka Ha Tasu
fasa Moxe Oa Ce CMHTE3WpaT W CXeMu 3a ynpaBneHue u
KOHTpON Ha 3anuBaHeTo Ha nomnuTe. MoraT ga ce KoHTponu-
paT W gpyrv paboTHM NapamMeTpy Ypes AaTynum 3a HansraHe,
TEMNEpaTypa u apyrv;
- WckpobesonacHocT - lNpu n3nonasaHe Ha uckpobesona-
CEH 3axpaHBalL} M3TOYHWK M peneTa C XepMeTU3npaHu KOHTaK-
T CxemaTa e uckpobesonacHa.

lMopaan Tesw npeaMMCTBa NMpeanoxeHara cxema u Apyru
Basupanun Ha Tailmep 555 moraT ga HaMepAT NPUNoXeHue npu
ynpasneHue Ha eHa unu ase nomnu Tam KbAeTo U3non3saHe-
TO Ha CrieLyanuampaHu KOHTPONepU € TBbPAE CKbO.
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AUTOMATIC CONTROL OF PUMPS FOR WATER PUMPING DRAINAGE ON THE
BASIS OF TIMER 555
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A simple and reliable control scheme of two pumps for water pumping drainage on the basis of timer 555 has been suggested in the
paper. High reliability, simple construction and low price make the scheme applicable instead of specialized computer system.

INTRODUCTION

The scheme of water pumping drainage in a
mine depends on the shaft depth, the number of
levels, water inflow etc. The simplest scheme is
that with one water pumping drainage equipment.

Main, additional and transferring water pumping drainage
equipment which pump out water from the water - collectors are
localized in special chambers usualli above water level. Chamber
under water level are also being used in order to make
automatization easier, to supply constant flow ower pumps and to
increase the efficiency.

Automatic mine water pumping drainage system according to
(Melkumov, 1973; Volotkovski, 1983) shuld supply the folluing:

1.

B w
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automatic control - starting the pumps with
preliminarily owerflouing and stopping depending on
water level in the water-collector;

manual control;

serial pump operation and distaht control;

switching on additional pumps at increase of water
level;

automatic surtching on reserve pump;

automatic switching out of pump at productivity lost;
Blockages at switching on at unowerflounpump;
hidrolic defence;

signalling pumps operation and alarm switching out.

The equipement in our mines is mainly Russian:

1.

2.

3.

AB - 5, AB - 7 - equipement for sectional waterr
pumping drainage;

ABH - 1M - equipement for automatic control of
three pumps;

UAB - universal equipement for automatic control of
16 pumps;

VAV - equipement for control of 9 pumps with high
ang low voltage motors.

The element basis of the mentioned equipement
comprises relays, motor relays, and manual switches with
mechanical contacts. Modern technical solutions are
realized by microprocessor command-controllers and
noncontact operational mechanisms.

We suggest an example of a scheme for automatic
control of two pumps for water pumping drainage on the
basis of Timer 555. It can demonstrate the realizing
possibilities of comparatively simple schemes for automatic
pump control by the same Timer.

CONTROL SCHEME SYNTHESIS

The aim is to realize a control scheme for two pumps
which do not need overflowing. Such are the submerged
pumps and pumps set in chambers under water level in the
water-collector.

As block scheme in Fig.1 shows pump 1 is the basic one
and it is switched on at water level 1 by trigger "level 1".
The block "debit control” checks up in time T from
switching on pump 1 by a debit transducer. If its debit is
normal pump 1 continues operating. At some defect in
pump 1 its debit decreases, the block "debit control"
switches it out and switches on pump 2. In case of
increased water flow in the water-collector the operation of
one pump is insufficient and at water increase above level
2, pump 2 is being switched on operating together with
pump 1.

Scheme in Fig 2 has been synthesized on the basis of
this block scheme. Four Timers LM555 have been used.
Integral scheme LM555 consists of precise input divider,
two comparators, RS trigger, output amplifier and charged
transistor. Through outer RC group integral scheme LM555
usually operates as a timer of single impulses or as a
generator. IC can be applied also as a trigger with two level
switch on and switch off.



Electrode transducers at three levels have been put into the
water-collector connected respectively to the inputs of triggers |
and Il. When the transducer is wet its potential is high as it is
connected by a resistance to the supply pole. When the transducer
is in water, through water resistance it is connected to earth and its

potential is low.

Trigger | is switched on at water level reaching water-
collector to level H1. Its output 3 reaches high potential and
brings to operation relay P1 the last switching on pump 1.
Water is being pumped out and at down level Ho the
transducer Ho remains wet, trigger | is switched out and the
pump is also switched out by relay P1.

Trigger >
] Pump 2
Level 2
T ON
NON
Trigger > ) Control of
<+ =& Pump 1 . »O
Level 1 debit 1
? OFF neowur 1
Figure 1.
,
. .
= & D:l';\ u
Yoo | -
Figure 2.

In case water flow in water-collector is bigger than pump 1 debit,
water reaches level H2 and by the trigger for level Il voltage supply
is provided for relay P2. Transistor T1 is opened at this moment,
relay P2 goes into operation and switches on pump 2 starting to
work together with pump 1.

Three operational regimes are possible:
- Only one working pump;
- Two pump working together at water level increase;

- Only pump 2 working at pump 1 alarm regime.

Alarm regime of pump 1 is established by debit control
device realized by timer (IC lll) and trigger (IC IV). Timer
keeps relay P1 switched on 10sek. In this interval the debit
transducer D.T. should signalize for normal debit. If the
debit is not normal low potential is supplied to the input of
IC IV while the output (p.2) gets high potential. As relay P1
is between p.1 and p.2 they also have a hidh potential at
alarm regime and the relay is switched off. At the same



time IC IV output supplies relay P2 through diode D2. There is high
potential on transistor T1 base and it switches on relay P2 which
gets into operation pump 2 as a reserve one.

In this way relay P2 is switched on in case at least one condition is
being full filled:

4. water level is above H1 and pump 1 has no normal debit

5. water level is above H2

In the first case the second pump is switched on as a reserved
and in the second case as an additional one at increased water
flow in the water-collector.

CALCULATION AND REGULATION

Level triggers

Such volumes for resistances R1, R2 and R3 should be chosen
that when electrode transducers H1,H2 and HO are put into water
their potential will be lower than 1/3 U .This is the real supporting
level for input comparator to start working (leg 2 of IC) under which
the trigger is switched on.

The resistances R1,R2 and R3 should be higher than 60k as
water resistance between the submerged transducer and earth
does not exceed 20k() . We have chosen the value 100kQ) .
Each condensator C1 and C2 is 10nF. When water level exceeds
H1, trigger | is switched on (high potential p.1) and when it falls
under HO the trigger is switched off. Respectively, when the water
level is above H2 trigger Il is switched on and when it is under H1
the trigger is switched off.

Timer
Timer lll is being put into water together with trigger | through the
group R5,R6,C3,T2. The volumes of the elements are: R5=10k Q

, R6=27kQ) ,C3=100nF. The length of positive impulse is

defined by the expression :T=1,1.R7.C5. At R7=100kQ ,C5=100

I F the impulse length is 10sek. It is enough to get into operation
pump 1 and to reach its normal debit.

Debit trigger

At trigger IV input two signals reach - from the timer and from the
debit transducer D.T. At normal work there should be low potential
at the output(p.2) and high potential at the input in the first 10sek.
The high input trigger potential is received from the timer and later
from D.T. If the transducer does not give a high potential in the
first10sek., the trigger is switched over (high potentialp.2) relay P1
is switched off, relay P2 is switched on and light diode D7 lights up.
That is an indication for alarm in pump 1. Resistance R8 volume is
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10k Q . It limits the current from D.T. to timer output when
it is switched off.

CONCLUSION

The suggested scheme for automatic regulation has
been realized under laboratory conditions with two integral
schemes LM556 (two timers 555 in one corp.) Voltage
supply is +12V/-12V. Water resistance and transducer
debit signal are simulated so that all states and scheme
function could be checked up.

The main scheme advantages are:
- Low price - The price of all elements with
the supply does not exceed 20Iv.

- High reliability and maintenance ability- the
number of electronic components is small.
Integral schemes are assembled on sockets
and can be changed rapidly and easily at
any defect.

- Possibility of widening - The scheme is
constructed on a block principle and can be
easily widened for regulation of a greater
number of pumps. On these basis control
and regulaton schemes can be
synthesized. Some other operational
parameters can be also controlled by
pressure, temperature etc. transducers.

- Intrinsically safety - The scheme is
intrinsically safe at using intrinsically safe
supplying source and relays with hermetized
contacts.

Due to these advantages the suggested scheme and
other based on timer 555 can find an application for
regulation of one or two pumps in cases where the use of
specialized controllers is too expensive.
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