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AOBbIYA /| OBOPYJOBAHUE

PelwweHune 3agay no LieHTPoBKe (BbIBEPKE COOCHOCTU) HACOCOB ABNSIETCA BaXHbIM YCIIOBMEM Ansi o6ecnevyeHUsi HaaeXHOCTU U IKOHOMUY-
HocTu o6opyaoBaHus. B cranpapre TexHuyeckux pewenunn HO:2010, Ha koTopbI NnepexoasT Bce HedpTtexummyeckme npeanpuatusa CHI,
ceptudmumpoBaHHbie no 1ISO-9001, aToMmy HanpaBneHuio yaensietcsa ocoboe BHUMaHuUe.

[IEHTPOBKA HACOCOB

B.B. CeBacTbsiHOB, P.A. PomaHoB

PUMP ALIGNMENT.
V.V. Sevastyanov, R.A. Romanov,
Lead Technical Experts, OO0 «Batech»

Dealing with the issues of aligning the pumps
(checking the alignment) is an important condition
for ensuring the reliability and economy of the equi-
pment. In «NO:2010» Technical Solutions Standard
to which all the petrochemical enterprises of the CIS
certified to ISO-9001 are now transitioning, this activi-
ty is given special consideration.

The pump alignment in itself is a technical disci-
pline which is not common to the specialities related
to the service and repairs of the equipment, it tends to
be defined more as a specialization. In order to obtain
good results on large, high speed or high temperature
units, the alignment requires unique and expensive
measurement devices, a certain amount of calculat-
ion capability and, to a great extent, depends on the
expert's experience.

At the present time, in Russia, there are no
uniform standards which would regulate the toler-
ances for the work with respect to alignment of the
rotary equipment and the procedure of doing such
work, there is program in place for validation of
specialists, which causes the results to be greatly
inconsistent. At the same time, incorrect alignme-
nt of the pumps results in higher consumption of
energy, premature wear of parts (couplings) and
increased vibration, which, in most cases, culmin-
ate in series wrecks and emergencies.

Here comes up a reasonable question: what is
pump alignment and how can lack of alignment be
identified, what are the tolerances for the work to
be done and what devices are to be used to do this
work? Let us start from the very beginning and for that
purpose we will introduce some basic definitions:

All the shafts, whether they are straight or
curved, rotate around the axes, called centers of
rotation. Correspondingly the centers of rotation
form a straight line.

The shafts are aligned if their centers of rotation
form a straight line, and the shafts are misaligned, if
their centers of rotation do not lie on the same line
during the machine operation. Correspondingly, alig-
nment is defined as the operation to coordinate the
rotation axis of the pump and the electric motor.

In the theory of the alignment there are two types
of misalignment: parallel offset and angular opening.
In practice both types occur at the same time.

Parallel offset of the axis means that the centers
of rotation of the machines lie in parallel planes and,
as a rule, constitute intersecting lines. The distance

Cama no cebe LEHTpOBKa HacocoB
— TeXHUYeckas OAUCLMMNIINHA, He sIBNsitoLla-
sca obLein Ans npodeccui, CBA3aHHbIX C
obcnykvMBaHMeM M PeMOHTOM 0BopyAoBaHMS,
a onpepgensiemasi bonee kak crieupanvsauusi.
[ns nonyyeHWs XOpOLUMX pe3ynsTatoB Ha
BOrbLLNX, BbICOKOCKOPOCTHbIX NI BbICOKOTEM-
nepaTtypHbIX arperatax, LeHTpoBka Tpebyert
YHUKarbHbIX 1 JOPOroCTOSILLMX CPEACTB U3Me-
PEHWIA, HEKOTOPOW BbIMUCIIUTENBHOM Crnoco6-
HOCTM 1 B OOIbLLION CTEMNEHM 3aBUCUT OT OrbITa
cneuuanucTa.

K Hactosiemy Bpemenun B Poccum HeT
eOVHbIX CTaHOAPTOB, PerraMeHTUPYLLNX OO-
MyckM Ha MPOU3BOACTBO PaboT MO LEHTPOBKE
poTopHoro obopyaoBaHUst U caM MopsidoK Mpo-
BEOEHMs1 paboT OTCYTCTBYET, HET MpOrpamMbl
cepTudmrKaLmMM CreLmanmcToB, YTO BrieYeT 3a
cobovi 6onbLLIOe HEMOCTOSHCTBO pesyrsTaToB. B
TO e BpeMsI HeMpaBWIibHas BbiIBEpKa HAacCOCOB
BEET K NOBbILLEHHOMY Pacxofy SHEPrvW, Npex-
[OEeBpPeMEHHOMY M3HOcy Aetanen (MydT) 1 no-
BbILLIEHHOW BUGpaLmK, kotopas B 6onbLUMHCTBE
Ccrny4aeB NPYBOAUT K CEPbE3HBIM aBapUsiM.

BcTaet pe3oHHbIN BOMPOC: YTO Takoe LieH-
TPOBKa HACOCOB M KaK Omnpefenutb Hanmune
pacLEHTPOBKW, KaKoBbI A0OMYCKW Ha NPOU3BOA-
CTBO paboT M KakMMK cpeacTBaMu ee Mpous-
BOAWTL? HayHem no nopsiaKky v € 3TOM Lienbio
BBEEM OCHOBHbIE OMpeaeneHus:

Bce Banbl, ByoyT v OHWM MPSMbIMU UK
N30rHYTbIMU, BPALLIAKTCSI BOKPYT OCEW, Ha3blBa-
eMbIX LieHTpamu BpalleHusi. CoOTBETCTBEHHO
LieHTPbI BpaLLeHys 06pasytoT NpsiMyto NHIIO.

Barnbl ABASAOTCS COOCHBIMU, €CIN UX LieH-
Tpbl BpaLLeHWsi obpa3ytoT MpsIMy0 TIMHWKO, U
Barbl HECOOCHbI, €CMN UX LIEHTPbI BpaLleHWs
He Nnexar Ha OHOW NHWKM BO BpeMsi paboTbl
MaLnHbl. COOTBETCTBEHHO LIEHTPOBKOW Ha3bl-
BaloOT orepauuio Mo CornacoBaHNio ocel Bpa-
LLIeHNs1 Hacoca 1 anekTpoaBuraTensi.

B Teopum Bonpoca LEHTPOBKM CyLLECTBYET
[Ba Tuna HECOOCHOCTW: NaparnsensHoe cMmeLLe-
HVE 1 YITIOBOE packpbITve. Ha npakTvike Bceraa
BCTpeyatoTcs 0ba B1uaa 04HOBPEMEHHO.

MapannenbHoe cmelleHne ocu noapasy-
MEBAET, YTO LIEHTPbI BpaLLEHWs MaLLVH nexar
B MaparnnernbHbIX MIOCKOCTSX U ABMSOTCS,
Kak NpaBuIo, CKpeLLMBaLLMMUCS NPAMbIMU.

Touka 1 ToqKa 2 TO4Ka3 TouKa4
. .
350mm | 250 mm | 500 mm
+0,05
/1 +0,38
0,35 >
-0,12

+0,066/100mm

Puc. 1. Pacyet yrnosoii pacLeHTpoBk1

NoABMKHLIA Ban

Beayuwune texHuuveckme cneumnanuctsl OO0 «bantex»

r.CaHkT-NeTepbypr

PaccTosiHe mexay nnockocTaMu onpenenset
BENVYMHY NaparnnensbHoro cmetleHns (puc.i.).

HakroH (yrnoBoe pacKkpbITVe) MOXET ObITb
MPOCTO OLieHEH CHayana onpeferneHneM pas-
HULbI MeXAY CMEeLLEHNAMUN Bana, U3MepeHHbI-
MUV B ABYX MIIOCKOCTSX, OPTOrOHANBHBIX MAHUM
OrnopHoro Bana, (cMelleHre 1 - cmelleHve 2),
N [eneHneM 3TOW pasHuLbl Ha paccTosiHVe
Mexdy TOYKaMu MepeceyveHust 3TWX MIOoCKOo-
cTet ¢ nuHuen Bana. B criyqae, nokasaHHOM
Ha pUCYHKe:

+0.35-0.12

(-0.12) - (-0.35)
- -0.00066 mm/mm,
350 350

yMHOXast Ha 100, mbl nonyyum Gonee yno-
TpebuTenbHoe 3HavYeHne:
0,00066 x 100 mm / 100 mm =
100 mm

0,066 mm /

Korga Barmbl HECOOCHbI, B COEOMHEHWU
BO3HMKAIOT CUMbl, BO3AENCTBME KOTOPbIX Ha
Hacoc MpYBOAUT K €ro aBapuiHOMYy OCTaHOBY.
OnpenenuTb Hammyue aTUX CIM MOXHO Mo nep-
BUYHBIM MPK3HaKaM, TakuM Kak MoBblLLEHHAs
BMOpaUMs MexaHu3Ma, 4pesMepHbIi Harpes
My(OTOBbLIX COEAUHEHUI, ObICTPbIA BbIXOA U3
CTPOS y3MoB Hacoca (MOALMUMHMKOB, YMIOTHe-
HWA, MyddT) MO CPaBHEHUIO C aHarorMYHLIMU
Hacocamu, 1 Mo BTOPWUYHBIM: MacnsHble noa-
TEKW, TOpPKWA PE3NHOBBLIX WM MIacTMacCcoBbIX
KPOLLIEK MOA, 3aLLMTHBIM KOXYXOM, YPE3MEPHBIN
M3HOC 3yObeB B COOTBETCTBYHOLLEM 3yGYaToOM
3auenneHnm n T.n.

[onyctumon  siBrsieTcs  Takas  Heco-
OCHOCTb BarioB, Mpu KOTOPOW TO4Ka Nepeceye-
HUS MX OCeN BpaLLeHUs HaxoauTcst B 0bnactu
MydThI ¥ NPUREXALLMIA YroN MEXAy OCeBbIMU
NMHVSMK Man. 3TV ABa KPUTEPUSt UCMOMb3y-
0TC B ABYX NEPneHAMKYNApHbIX Hanpasne-
HUSAX, 0ObIYHO AN yaobcTea B BEPTUKANbHOM
1 FOPU3OHTasIbHOM, U HOPMUPYIOTCS B 3aBUCU-
MOCTW OT CKOPOCTU (4acTOTbl BpaLLEeHNs).

TpeboBaHNs MO LEHTPOBKE BbICOKOCKO-
POCTHbIX MalUMH XXeCTye MO CPaBHEHWIO C
HWN3KOCKOPOCTHBLIMW MaLUMHaMMU.

BBuay oTcyTcTBMSA pOCCUIACKOTO CTaHAap-
Ta, pernaMeHTUpyloLwero AOMNyckU Ha npo-
M3BOACTBO PpaboT MO LIEHTPOBKE, MOXHOM>

Puc. 2. BnusHue cun B MyqpTOBOM coeMHEHNUMN
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BOCMOMb30BATLCA  HOPMamu, — MPUHATLIMU
Ha 3anage. B Tabn.1 npeacTtaBneHbl [o-
MycKM Ha LEHTPOBKY HEMELKKOW KOMMaHum
BALTECH GmbH, B Tabn. 2 gaHbl HOpMbI, pe-
KomeHayeMmble hupmon Fixturlaser, LLseums.

LleHTpoBka 00s3aTeNBLHO AOMKHA MPOBO-
OUTLCS Ha BCEX MalUMHax U MexaHu3max (Ha-
COCbl, ABIMOCOCHI, BEHTUMNSTOPbI, KOMMPECCOo-
pbl, aneKTpoaBwUraTenu, peaykTopbl, AW3en,
TYpOWHbI 1 Mp.), rae ecTb:

* My(pTOBblE COEAMHEHNS FOPU3OHTABHBIX U
BEpPTUKarbHbIX MaLLIVH,

* MPOMBCTaBKV FOPU3OHTaNbHbIX 1 BEPTUKaNb-
HbIX MaLLWH,

* Banonposogbl 13 3 n bornee nocregoBarenb-
HO COeMHEHHbIX MaLUMH,

* KapOaHHble nepenayu,

* pemMeHHble nepefaqu,

* BMWsSHWE MapannenbHoCcTM W nepneHaun-
KyNSPHOCTU BarnioB Ha Ka4yecTBO BbiMycKa-
emMon npogykuun  (bymarogenatenbHble
MaLUVHbI, 3KCTPYAEPbI, NPOKaTHbIe CTaHbl,
KOMMpeccopbl),

* BMWsIHAE MIIOCKOCTHOCTU CTaHWHbI Ha Ha-
[EXHOCTb YCTaHOBMEHHOrO MexaHu3ma Ha
dyHAAMEHT,

* reomeTpudeckasi LeHTpoBKa (MpsMOnuHen-
HOCTb HanpaBnsioLLMX KPaHOB, BbICTaBIe-
HVe mnocTenen MOALIMMHUKOB CKOJbXEHUS,
«npobutre» NMUHUM Bana Au3enen u cygo-
BbIX BarionpoBOAOB),

* HeoOXOAVMMOCTb BbICTABMNEHUSI MPOTOYHOM
yactu TypboarperatoB (TypbuHbl, KOMMpec-
copbl).

B nocnegytomx cratbsax Mbl Gynem pac-
cKkasblBaTb O MeTofax W cpeacTBax AOCTW-
XEHUS KavecTBa U HaOEXHOCTU Bbille nepe-
YMCIEHHBIX arperatoB C MOMOLLIO MprbopoB
LeHTpoBku Fixturlaser XA.

Mpn npoBegeHnn paboT no LIEHTPOB-
Ke cneuuanucty HeobxoauMo MpUHATL BO
BHUMaHWE MHOXECTBO (DaKTOpPOB, BMMsitO-
WX Ha YCMoBMSA 3KCryaTauyn HacoCOB.

[nsi KOPOTKMX MydDT:
For Short Couplings:

2’1\\

e

g '

MapannensHoe
cMeLleHne (Mm)

Yrnosoe packpbil-
Tne (Mm/100Mm)
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OT0 oceBoi 3a30p B MydTe, Aedopmaums
Kopnyca, yCTaHOBKa MOALUMMHUKOB (ecnuv nog-
LUMMHUKA  MEHSMUCb), MIIOCKOCTHOCTL 06asbl,
TENnoBble paclUMpeHnsi, M3rMb BamnoB, HaTs-
»KeHue TpyOHoM 00BA3KM 1 Mpornba BbIHOCHBIX
3MEeMEHTOB M3MEepUTENbHON cucTeMbl. B non-
HOMOUMS crieumanMcTa fno LEHTPOBKE BXoauT
onpegeneHne BNusHUS 3TUX hakTopoB U Mpo-
BEOEHME COOTBETCTBYHOLLIX KOPPEKTUPOBOK.

BuBpauusi He JormkHa UCMONb30BaTLCS Kak
KPUTEPUIA KayecTBa LIEHTPOBKW, HECMOTPST Ha
TO, YTO 3adayeit LIEHTPOBKUN SIBIISIETCS €€ CHU-
»eHve. OueHnBaTb LIEHTPOBKY HeobxoamMmo B
CTaTuKe C MOMOLLBI U3MEPUTESBHBIX MHCTPY-
MEHTOB, 3aKpPEMNMEHHbIX Ha Banax, UCMorb3ys
«[Jonyctumble npeaensl LEHTPOBKW». Opyrne
NPUYMHBI MOTYT BbI3BaTb BMOpauuto, Takue
KaK pe30HaHC KOHCTPYKUMM unv aucbanaHc.
MoaToMy Hemnb3si UCMoNb30BaTh MOBbILLEHHYO
BMOpaLMIO KaK eOVHCTBEHHbIA MpU3HaK pac-
LieHTpoBkN. Ho ecnn paboTaiowmin Hacoc He
BbI3blBA€T BMOpaLMKN, TO OY4EBMOHO, YTO LiEH-
TPOBKa YOOBMETBOPUTENbHA U €8 MOXHO Mpu-
HATb.

Lym 1 noBblleHHasi Temnepatypa nog-
LUMMHMKA MOTYT ObITb CBA3aHbI C pPacLeHTPOB-
KOW, HO 3TV CUMITOMbI TalOKE MOTYT yKasblBaTb
Ha gpyrve npobnembl. [MpuMeHsTb Hanuune
LymMa M MOBbILEHHON TemnepaTypbl y nog-
LUWMHMKA B Ka4ecTBe €OMHCTBEHHbIX MpuU3Ha-
KOB MIOXOW LIEHTPOBKW HEAOMYCTUMO.

OTn paccyxgeHus He MeLlalT crneuya-
TIMCTY OCTaTbCsl Yy MaLUMHbI MPU 3anycke U Ans
CBOEro ynoBrneTBOpeHUst noHabnogaTb 3a pa-
604MM COCTOsIHMEM MaLLMHbI. He 3anpeluaetcs
Taioke 4nsa AoCTvKeHust bonee Markon paboTbl
MalLUMHbI C MOMOLLIbIO CPEACTB BUGPOKOHTPONS
B KayecTBe ObpaTHOWN CBA3WN MPOBOAUTbL LiEH-
TPOBKY paboTatoLLero arperara.

BbiGop M3amMepuTEnbHbLIX CUCTEM Y METOA0B
— peno cneuyanucta. OCHOBHble BapyaHTbl —
CTpEeroyHble UHAUKATOPbI UK Nnasepbl. OCHOB-
Hoe TpeboBaHwve ans nbol cuctembl »

CkopocTb Bpauwie- [onyctumo OTnuyHO
Hus (06/muH) Rpm Acceptable Excellent

[ins BanoB ¢ NpoMBCTaBKoMN 1 AnckoBbIx MydT: For Shafts with Insert and Plate Couplings:

CwmelleHue (Ha
100 MM AnrHbI
NPOMBCTaBKW)

=a

750 0,19 0,09
1500 0,09 0,06
3000 0,06 0,03
6000 0,03 0,02
750 0,13 0,09
1500 0,07 0,05
3000 0,04 0,03
6000 0,03 0,02
750 0,25 0,15
1500 0,12 0,07
3000 0,07 0,04
6000 0,03 0,02

Ta6n. 1. lonycku Ha LeHTpoBKy Baltech, Fepmanus | Tab. 1 Alignment Tolerances Baltech, Germany

CKOpOCTb BpalleHus
(06/mMmuH) Rpm

(mm/100mm)

OTnuyHo
0-1000 0,06
1000-2000 0,05
2000-3000 0,04
3000-4000 0,03
4000-5000 0,02
5000-6000 0,01

YrnoBoe packpbiTne
(Mm/100MMm) Angular Opening

MapannensHoe cmelleHue (MM)
Excellent Parallel Offset (mm)

[onyctumo OTnuyHo [onyctumo
0,10 0,07 0,13

0,08 0,05 0,10

0,07 0,03 0,07

0,06 0,02 0,04

0,05 0,01 0,03

0,04 <0,01 <0,03

Ta6n. 2. flonycku Ha LeHTpoBKy Fixturlaser, LLiBeuus | Tab2. Alignment Tolerances Fixturlaser, Switzerland

between the planes determines the amount of
the parallel offset.

The tilt (angular opening) can be assessed si-
mply, first by determining the difference between
the offsets of the shaft measured in the two planes
orthogonal to the line of the support shaft, (offset 1
- offset 2), and by dividing this difference by the di-
stance between the points of intersection of these
planes with the line of the shaft. In the case shown
in the figure:

by multiplying by 100, we will obtain a more usable

value:

0,00066 x 100 mm / 100 mm = 0,066 mm / 100 mm

When the shafts are off center (misaligned), the-
re arise such forces in the connection whose impact
on the pump results in an emergency failure. The
existence of such forces can be identified by initial
signs, such as increased vibration of the mechani-
sm, overheating of the coupling joints, fast failure of
the pump components (bearings, seals, couplings)
compared to similar pumps, and by secondary si-
gns: oil leaks, heaps of rubber or plastic fragments
under the protective cover, excessive wear of the
teeth in the relevant tooth mesh, etc.

Acceptable is such misalignment of the shafts in
which the intersection point of their axes of rotation is
located in the coupling area and the adjacent angle
between the axial lines is small. These two criteria
are used in two perpendicular directions, normally
for the sake of convenience in the vertical and horiz-
ontal directions, and are standardized depending on
the speed (rpm).

The alignment requirements with respect to the
high speed machines are more stringent compared
to the low speed machines.

Due to lack of the Russian standard, which re-
gulates the tolerances for the alignment work, one
can use the norms accepted in the West. Table 1
gives the alignment tolerances of the German com-
pany BALTECH GmbH, while Table 2 lists the norms
recommended by Fixturlaser, Switzerland.

Itis mandatory that all the machines and mecha-
nisms (pumps, exhaust blowers, fans, compressors,
electric motors, reducers, diesel engines, turbines,
etc.) should be aligned where there are:

» Coupling joints of the horizontal and vertical mac-
hines,

* Inserts of the horizontal and vertical machines,

 Shaft lines consisting of 3 or more machines con-
nected in series,

» Gimbal drives,

 Belt drives,

* Influence exercised by the parallelism and perp-
endicularity of the shafts on the quality of the pro-
ducts made (paper making machines, extruders,
rolling mills, compressors),

* Influence of the bed flatness on the reliability of
the mechanism installed on the foundation,

» Geometric alignment (straightness of the crane
guide ways, aligning the sleeve bearing seats,
«positioning» the diesel engine shaft line and ve-
ssel shaft lines),

» The need to align the plenum part of the turbo un-
its (turbine, compressors).

In subsequent articles we will be describing the
methods and devices by which to achieve quality
and reliability of the above mentioned units using the
Fixturlaser XA alignment instruments.

When doing the alignment work, a technician
needs to take into consideration many factors which
impact the operating conditions of the pumps. These
are axial play in the coupling, the housing deformat-
ion, installation of the bearings (if the bearings have
been replaced), flatness of the base, thermal exp-
ansions, the bend of the shafts, the tension of the
pipework and the sagging of the remote elements
of the measuring system. Part of the alignment tec-
hnician’s powers is to determine the effect of these
factors and to make appropriate corrections.

Vibration is not to be used as a criterion of the
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alignment quality despite the fact that the purpo-
se of the alignment is to reduce it. The alignment is to
be appraised in static condition, using the measuring
instruments attached to the shafts and referring to the
“Acceptable alignment limits”. Other causes may lead
to vibration, such as the structure resonance or imba-
lance. Therefore, increased vibration cannot be used
as the only sign of misalignment. However, if the ope-
rating pump does not cause vibration, it is obvious that
the vibration is satisfactory and it can be accepted.

Noise and elevated temperature of the bearing
can be attributed to misalignment, however these sy-
mptoms may be indicative of other problems. It is not
permitted to use the existence of noise and elevated
temperature as the only signs of bad alignment.

Such talk should not preclude the technician from
staying by the machine when it is started up or from
watching the machine to satisfy himself that the ma-
chine is in running order. It is not prohibited either to
align an operating unit, in order to achieve a smoother
operation of the machine, using the vibratory control
devices for feedback.

It is up to the technician to choose measuring
systems and methods. The main options are needle
indicators or lasers. The key requirement for any shaft
alignment system is the repeatability of the readings.
This is evaluated using the repeatability test in a ci-
rcular tumn. This test is a good way of evaluating the
system attachment when deciding to purchase it. On
the whole, the measuring system which does not retu-
m to zero (with the tolerance of 0.05 mm) after rotating
360 degrees, has to be rejected. Do not trust plastic
clamps or other attachment elements which are not
rigid enough.

Selecting a tool to work on the equipment alignm-
ent is an important activity.

What should be the focus
when buying a tool (instrument)?

Who is the manufacturer? Who manufactures
the tool and where. How is the tool sold and in the
case of unforeseen emergency, where can it be rep-
aired, replaced or where some option to add to it can
be efficiently sourced. Where can it be checked and
calibrated and what is the time scale for checking and
calibration?

Who are the sellers? Will the sellers provide tra-
ining in the use of the instrument? Will the sellers be
telling about the capabilities of the instrument from the
point of view of the user? Will they provide consulting
regarding selection of hardware and will they take res-
ponsibility in the event of them committing a mistake?

But you have to be prepared yourself for the purc-
hase of a new device. When buying a new measuring
device to do alignment work, you have to have a pre-
cise knowledge of the following items:

1. Length of the shafts to be mated

2. Existence of thermal expansion

3. If there is a shaft line, the number of the shafts
to be mated

4. The temperature range in which the instrument
has to operate steadily.

5. Will the instrument require protection from ex-
plosion

The technicians of the Baltech Company will help
you to make the right choice of the hardware, will te-
ach you to operate it free of charge and will offer the
most optimum terms and conditions for cooperation.

Mechanical, electronic and digital as well as
laser alignment systems of the QUANTUM se-
ries have been developed and manufactured by
the «BALTECH» Company, and in terms of many
parameters, these systems are superior to their
Western equivalents.

Example. The classical spectrum of the misalign-
ment when carrying vibratory diagnostics of the pump
at a company based in St.Petersburg by “Baltech”
technicians, during preventive repairs (July 2005). In
most cases the 2-nd reverse harmonic is 50% greater
than the 1-st, also the resonances of the other comp-
onents of the coupling joint are visible.

LISHTPOBKY BaroB — MOBTOPSEMOCTb M3Mepe-
HUA. OTO OLeHMBaeTCs TECTOM Ha MOBTOpPS-
€eMOCTb MOKa3aHWiA MpyU KPYroBOM MOBOPOTE.
OTOT TeCT — XOPOLLMIA CNOcob OLIEHKM Kpernexa
CUCTEMbI NPV MPUHATUN PELLEHNs O ee 3aKyr-
ke. B ocHoBHOM v3mepuTenbHas cuctema, Ko-
Topas He BO3BpaLLaeTcs B HOMb (C AOMYCKOM
0,05 mm) nocre BpalleHus Ha 360 rpagycos,
[ormkHa ObITb oTBeprHyTa. He gosepsinte nna-
CTUKOBBIM ckoBam WM ApyrM anemeHTam
Kpenexa ¢ HeAO0CTaTOYHON XECTKOCTHIO.

Bbibop WHCTpyMeHTa Ans npoBedeHus
paboT no LieHTpoBKe 0OOpPYAOBaHUA — OTBET-
CTBEHHOE U BaXKHOE MEPONpUSITUE.

Ha uyTto cneagyer o6paTtutb BHMMaHue npu
NMOKyMnKe MHCTpyMeHTa (npubopa)?

Kto npousBogutenb? Kro u rage npoums-
BOAMT MHCTPYMeHT. Kak oH npogaetcs v rae
B Cryyae HenpeaBUaeHHOW CUTyauyn MOXHO
€ro OTPEMOHTMPOBAThb, 3aMEHUTL UMK onepa-
TUBHO JOKYMUTb K HEMY Kakyto-nmbo onuuio?
[ne npousBoauTb €ro NoBepKy U KannubGpoBKy
1 B KaKkue Cpoku?

Kto npoaaBeu? Nposeaet nu npogaseL,
oby4yeHne nonb3oBaHuto npubopom? Pac-
CKaXXET I 0 BO3MOXHOCTSIX Npubopa ¢ ToYKn
3peHust nonb3oBatens? [acTt nu KoHCynb-
Taumo no BbIGOpPY annapaTHOro cpeacTsa u
BO3bMET NN Ha ce0s1 OTBETCTBEHHOCTb B CIy-
Yae cBoel oLmnbKn?

Ho v Bbl camun aomkHbl ObITb NOArOTOB-
neHbl K MOKyrke HoBoro cpeacTsa. [pu no-
Kyrnke HOBOTO M3MEepUTENBHOMO CPEACTBA Ast
NPOM3BOACTBa paboT Mo LEeHTpoBKe Bbl gormk-

AOBbIYA / OBOPYJOBAHUE

Hbl TOYHO 3HaTb CreayoLLIME MOMEHTbI:

1. AnuHa conpsiraeMbix Baros

2. Hannuune TennoBoro paclumpeHusi

3. Mpu Hannyum BanonpoBoaa — KoI-BO COMpsi-
raembIx BarnoB

4. TemnepaTypHbIi AManasoH, Mpu KOTOPOM
npubop AOMKEH YCTONYMBO paboTaTs.

5. MotpebyeTcs nv npubopy Hanuyme B3pbIBO-
3aLLMLLEHHOCTW.

Cneumanuctbl kKomnaHum «BAJTTEX»
nomoryt Bam ocyliecTBUTb NpaBuslbHbIV
BbIOOp anmapaTtHoro cpefcTea, 6ecnnartHo
obyyat Bac paboTte v npeanoxar camble
onTUMarbHble YCIOBUSt COTPYAHMYECTBA.

MexaHunyeckue, ANEeKTPOH-
HO-UMCPpOBbIE UM na3epHble  cuUCTe-
Mbl  UeHTpoBkum cepun KBAHT  pas-
paboTaHbl M BblNyckawTca  hupmon
«BAJITEX» no MHOrMM napametpam npe-
BOCXOAAT 3anajHble aHamnoru.

Mbl ocyLecTBrsieM Takke NoBepky na-
3epHbIX M3MepUTESbHbBIX FONIOBOK NPON3BOA-
ctBa cupm Fixturlaser (LLBeuust).

Mpumep:

Knaccuuyeckuin cnekTp Hanuuus
pPacueHTPOBKM MpU NPOBeAeHUU BU-
6poaMarHOCTUKN AMarHOCTUKM Hacoca
npeanpuatua B r.CaHkT-MeTepbypre
cneuyvanuctamu komnaHum «Bantex»
Bo Bpems MMP (uonb 2005r.). B 6onb-
LWMHCTBE criy4yaeB 2-s1 obopoTHas rap-
MOHMKa 6onbuwe 1-n Ha 50%, a Takxe
BUAHbI Pe30HaHCbl NPOYMX COCTaBnNSA-
IOWKUX My(PTOBOro coeAMHEHUS. m

Puc. 3. Pacuet nuHum BpaweHun Bana npusoaa | We

ToMka 1 ToMKa 2 ToMkad ToMKad
350 mm 250 mm | 500mm |
/’
+0,05
+0,30
0,35 =
0,12

+0,066mm;/100mm nogenxHbIR Ban

also check laser measuring heads made by Fixturlaser

Puc. 2. Knaccuyeckuin cnekTp pacLeHTPOBKMU

"ok u
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