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Introduction



Russian refineries are used groups of ten thousand pumping units, basically centrifugal pumps, both Russian and foreign production. It’s power ranges from tens kilowatts to tens megawstts. Technological settings of primary oil processing, catalytic cracking, catalytic reforming and others contains a different number of units, which ranges from groups of ten to hundred units depending on powers of settings. 

Specialists never raised doubts the necessity an anti-accident protection a powerful compressor and other unique machines, but not a pumps, which high concentration in modern technological settings however offen was reason of damages and other production troubles. Really, if we take probability of pump trouble-free operation in day equal 0.99, then for the group of machines, containing 100 units, refusal probability close to 1, and the technological system herewith practically disabled.

For reaching stability of a technological system to different perturbations, including failures of motor pumps, it is necessary to provide overseeing with the exterior on it exterior and interior factors describing its availability index of product, and control by its state by means of opportune acceptance of engineering and organizational measures.

A reference direction of safe maintenance of machinery in oil refining production, alongside with renewal of the worn fleet is the implementation of objective and multifold monitoring behind its availability index of product grounded on regular overseeing by variation of arguments, describing condition and reliability of operation of machinery.

At many plants the periodic monitoring the temperature and vibration of machinery by the means of portable instruments will be utillized, which one, however, does not give satisfactory outcomes on a lot of reasons.

At first, the defect detected at an early stage, when the machine outputs in repair, does not allow to utillize to the full its residual resource, gauged hundreds and thousand hours.

Secondly, executions of these operations need the highly skilled personnel reeved portable and stationary instrumentation for gathering and analysis of datas, software, carrier etc., which one in high-gravity and dangerous conditions should be engaged in a primitive manual transactions on acquisition about a state of machinery.

Thirdly, the catastrophic nature of breaking down at a final stage explicating within several day or even of hours, requires monitoring "on line", for opportune shut-down the machine and saving of its maintainability at complete use of it resource.

The analysis the dynamic of degradation processes of availability of motor pumps in oil refining production displays, that reasons of an exit them out of operation are:

problems of mounting of trains and affixed constructions;

wear of details and clusters of pumps, drives and shafting;

negligence and errors of the personnel at maintenance of trains and control by conditions of their operation.

If the first and second reasons can be detected fractionally with use of portable diagnostic techniques, the third reason requires applying stationary systems of machinery monitoring "on line" for preventing accidents and snags. The stationary systems of diagnostic allow to solve also maiden two problems, specially at high speeds of loss of work capacity by machinery, when the periodic monitoring is just powerless. Except for response rate, the applying of stationary systems has some more major advantages before portable - stability and reproducibility of conditions of diagnosing, independence of state of health and proficiency of the personnel, objectivity of outcomes.

The choice of stationary or portable systems of monitoring should be adequate to conditions of their applying and is instituted by indispensable frequency of diagnosing of plants. Last, according to known the theorem of a Shannon - Kotelnikov, is directly proportional velocities of loss by them of work capacity. For technological installation containing tens of accountable trains, this velocity multiply is augmented, that accordingly augments a stream of the requirements by posing of the diagnoses. At manual periodic monitoring a velocity of course of processes in a collar «observation - control - stability - the observation» appears much below than velocity of variation of a state of a complicated technological system, that results in often snags and emergencies of trains and explains low performance of this approach.

At the end of 80 years the course on wide implementation of stationary vibrodiagnoctic and monitoring systems in an oil refining industry was taken, in development which one the specialists SPC “Dynamics” from a beginning 70 years for needs of a machine industry were engaged.



Stationary monitoring systems



The system of continuous computer monitoring for the warning of emergencies and control by a state COMPACS® represents the distributed system of measuring and control, in which one signals from transmitters placed on machinery, are transmitted to the diagnostic station™ which has been carried out on the basis of the industrial computer, installed in operational room of technological setting. The diagnostic station™ realizes digital processing, map, upbuilding, storage and registration of the accepted information. Operational room of technological setting in Russia usually have no systems of conditioning and clearing of air. Transmitters is coordinated with system by the means of universal removable modules. The systems will realise vibroacoustic, thermal, acousto-emissive, current and parametric (pressure, level, flow rate, temperature) methods of diagnostic of machines, bulbs and vehicles, novelty which one protected by a series of the patents on the inventions, industrial samples and brand marks. The modules and transmitters are adapted to a severe in hard Russian climate and personnel, are certificated for use in explosive zones, in which one the formation of hydrogen-aerial mixtures is possible. The system assembles a state information of machinery without padding relays in radius not less than 1500 m. Power supply, control both the signals between the computer and modules are transmitted all on two coaxial cables or twisted pairs, that ensures simplicity of projection, quick installation and large-scale implementation of all system and its service. The system “on line” around-the-clock troubleshoots a state of each ambulance, excepting a manual transactions of the highly skilled specialists on acquisition. In a system the complete self-diagnostic of all gaging channels, including transmitters is ensured. The outcomes of operation of a system are mapped on six color shields working under control basic and the series «falling down» menu. The state information of machinery is introduced on the basic shield of a system screen “Monitor”, which one contains some windows by a principle «look&feel» (look and perceive), that practically does not require time for tutoring, is similar of principles of the standard MIMOSA [1].

The system has the built-in consulting model, in which one realised at a choice of diagnostic indications circumscribing a state of an aggregate, principle «of information completeness». The essence of a principle is, that in conditions of a priori indefiniteness, when the links between structural arguments of an aggregate, defining its availability, and diagnostic indications of vibration are obscure should to utillize for diagnostic besides known earlier obscure indications which have stayed in vibroacoustic signal after recurrent selection known. Thus events resulting in to variation of these indications, compound «complete group» in statistical sense. On the basis of this approach as diagnostic indications of the maiden level which is compounding «complete group», were selected effective values of acceleration, velosity and displacement. These arguments are standard for supply of a metrology of vibration measuries and underline accordingly high-frequency, middle and low-frequency bands of vibration signal, in which one the machine problems (bearing boxs, teeth of gear, blades), problem of a modular state (balancing, alignment) both problem of trains fixing and affixed constructions (foundations, pipe lines) are in the best way exhibited accordingly. As diagnostic signs second and third, of more “thin” levels - the effective values of discrete amplitude-frequency spectrum components of vibrosignal, and its envelope produced by different energizing factors, and also noise components of a spectrum between them will be utillized. The choice of effective values for an estimation of arguments is not accidental and is conditioned by their statistical stability, due to which the dispersion of an estimation of effective value in some times is less than dispersion of an estimation of a peak level or span obtained on identical measuring intervals. That, with other things being equal, allows considerably to increase response rate of means.

The expert system COMPACS® provides rather quick, complete and reliable non-strip diagnostic of of motor pump availability by detection following faults:

slackening of pump and motor attachment to the foundation;

alignment and balancing troubles of rotor details;

invalid oscillatings of the foundation both pipe lines;

cavitation and hydroshock in the pump;

troubles of bearing boxs of the pump and motors;

wear of a coupling; 

the skip of pump seals;

invalid temperatures of machines units;

invalid pulsings, frequency composition and amplitudes of currents of electric motors.

The system continuously meters, troubleshoots and stores datas in five temporary bases by endurance from 12 hours till 9 years. It allows not only to observe «a biotic path» of the aggregate, but also in detail to retrieve and to analyze behavior of machinery and staff in distresses.

On technological settings system provides (on line) objective automatic monitoring of dynamic machinery, diagnostic of faults, forecast of a resource, voice warning of staff about emergency or shut-down, issue of the instructions to staff on operation with extreme in the given instant with machinery, deduction of machinery in repair and acceptance it from repair. The mode of defensive monitoring with automatic shutting down of dangerous objects is supported also on the basis of conversation with staff.

Completely automatic diagnostic of faults of antifriction bearings and slip, disturbance of allignment, balance and attachment of centrifugal both piston pumps and compressors, couplings, gear dodges and vehicles of air cooling, seals of pumps and dangerous stresses of chemical reactors. The systems provide also monitoring of motors and other energy equipment, active, reactive and total power, expenditures and quality of an electrical power. It has allowed to realise the strategy of diagnostic with minimum cost (SDMC™) tens thousand bearings, several thousand pumps, motors, couplings, reducers, hundreds compressors and vehicles of air cooling more than 200 types on largest refinery of the country, that have reduced losses and expenditures at exploitation of machinery sharply.

Due to usage at creation of the COMPACS® system technical solutions having world novelty, it has unique possibilities and provides:

continuous warning (voice and visual) staff about emergency with acknowledgement by staff of reception of this warning;

possibility to on duty crew and monitoring faces at any moment «to see and to hear» the availability of all trains, as against former, «blind», exploitation of machinery;

detection concealed quick-grow troubles - major reasons of emergencies, and duly warning about them of staff;

complete usage of a resource of machinery, conservation of its maintainabity and drop the requirement in new;

targeted operation of major mechanics services, power engineering and technical supervision on drop of vibration of all fleet of troubleshot trains to existing norms and keeping up of high availability of complexes of machinery.

The vibroparameters trends of a console pump of the Russian production by power of 200 kw within 12 months of its exploitation are reduced in a fig. 1.

The expenditures on implementation and exploitation of systems are comparable at cost to usage of portable instruments, and the period of payback does not exceed several months.

In a fig. 2 the histograms reflective drop of a relative fraction of trains are reduced having a state «is invalid» on acceleration, velocity and displacement after implementation of the COMPACS® system on one of settings. The histograms demonstrate, that the efforts of staff on improvementm a state of machinery, due to continuous mapping of results on the system screen, become targeted and effective. It raises machinery vibration reliability sharply. In 4-5 months after implementation the number of trains having a unsatisfactory state even on one of vibroparameners, is reduced in 10 and more time.

Systems is continuous, during between-repairs run of installations, watch a state of trains on parameters of vibration, temperatures and consumable current providing, due to the built-in expert system, operating automatic diagnostic of trains with the indicating on the display the reasons of a unsatisfactory state and anticipating staff by the voice message on invalid duties of machinery, extreme troubles of motor pumps, dynamic loads, modes of abrasion and gaps in bearings of centrifugal compressors, state of bearings and pinions of multiplicators, flaps and cylindro-piston group in piston compressors.

The systems used not only for protect against emergencies both definition of periods and bulks of repair of machinery, but also for acceptance in exploitation of the repaired and placed machinery, which one in this case should be in a «green» zone. The ergonomic human-machine interface provides simple and friend dialogue with the system not only qualifying engineers, but also mechanics, electricians, using it for budgeting and implementation of current operation.

The analysis of quality of the repaired machinery showed to acceptance in exploitation, has shown, that about third of trains did not require under repair, and more than 40% of trains after repair had the same invalid chatterings, as well as before repair, that required their disassembly and returning for canceling the detected disadvantages. 

The main problems thus were connected to installation poor-quality, though also new, bearings, by bad balancing of pumps and motor rotors , poor-quality alignment, disturbance of conditions the attachment of trains to the foundation and pipe lines, troubles of the foundation and anchor bolts.

For exception of these circumstances, drop of bulks of unproductive haulings and rise of quality of repair of trains in 1994-96 гг. were designed and are inserted:

the system of diagnostic of a state of antifriction bearings of pumps and motors with division them on three categories of quality on chattering the body for high-speed machines (n> 2500 rpm), medium-rate (1000 < n < 2500 rpm) and low speed (n < 1000 rpm);

the system of dynamic balancing of pump rotars o in own bearings and rotors of electric motors; systems of diagnostic low-voltage (380 V) and high-voltage (6 kV) electric motors on running and trials after repair; the system of trials both diagnostic of pumps and motor pumps on runnning and trials after repair.

The development of these systems has allowed to exhaust after repair «not vibrated» pumps and motors and to provide «one-time assembly» and start-up of trains in exploitation on technological settings.

The implementation of systems on technological installations has enabled staff to observe of current availability of trains and tendencies of its variation, that has allowed effectively to control processes of exploitation, deduction of trains in repair and acceptance them from repair.

Personal systems - COMPACS-MICRO™ provide (off line) objective monitoring of quasistatic machinery with automatic operating diagnostic of units and trains in place ., balancing the assembled aggregate in place, transmit the information in stationary systems for the wide alert and reminder to staff about a state of quasistatic machinery, opening-up of the reports with Microsoft WORD, EXCEL, advantages WINDOWS 95/98.

For check behind operation of machinery and staff serving installations, the systems are aggregated in the firm diagnostic network™ Compacs-Net®, supplying transmission and submission of a state information of machinery of all settings to net users, including on the computer major mechanics, in the service of technical supervision, on computers high mechanics of shops and mechanics of settiongs, technical principals of remedial production. The network is realised on dial lines of telephony and allows to pass the information with speed up to 33600 Bauds. It essentially augments controllability by staff, taken up by exploitation and repair of pump-compressor trains on the part of a mean and higher link of handle.



The examples of diagnostic



As examples are reduced the datas which have been printed out on the printer of the user of the diagnostic network™ Compacs-Net®, placed in a major mechanics department of Omsk Ouil refinery. In a fig. 3 the annual trends of vibroparameters, illustrating failures of motor bearings of a motor pump Н-11А are reduced. For 9 months of 1994 8 failures of bearings were captured. In the logbook the staff marks only half. In a fig. 4 the 15-daily vibroparameters trends of the same motor are rotined, which one uniquely allow to interprete operatings staff. Two weeks after actuation of the aggregate the system has shown a high level of vibration and has ejected the indicating on presence of trouble in the bearings. The aggregate has completed almost day, was halted and is sent in a reserve.

After one week it have started again, and the system has again anticipated staff about the defect in bearing of the motor engine. The aggregate again was operated almost with day, then it was halted, the bearing box have lubricated, but it, naturally, has not removed trouble, available in it, nevertheless, the aggregate was operated even with day, then the defect bearing have replaced - chattering has come in norm. Explained well illustrates existing mentality the servicers, which one ignoring the instructions of the system can lead sometimes aggregate to emergency.

In a fig. 5 the trends of bearing vibration of the pump are reduced, on which one the mechanical service of a factory carried out study of drop of dynamic loads in the bearing box at input of special dopant in oil. The stationary system of monitoring has provided visual representation to staff about improvement of a bearing state, which one had visible damage of the track of a rolling, but was operated during six months without further breaking down.

In a fig. 6 the trends of vibration are reduced at diagnosing a leakproof pump with a magnetic box of the HMD corporation, when long before snaging the pump the breaking down of the bearing and internal magnetic box was captured, nevertheless staff operated 16 day the aggregate, strictly observing for its behavior, as was absent backup. After substitution of a defensive battery cartridge, internal and outboard magnetic boxs and bearing boxs of the pump the norm of chattering was retrieved.

Trends of powerful (470 kw) pump vibration of the Wortington corporation reduced in a fig. 7 confirm validity of the method of application of diagnosing pledged in the consulting model for diagnostic of motor pumps not only Russian, but also foreign producers. The method of application is grounded on the managing document containing percussive norms of safe maintenance exploitation of machinery, which one is designed by SPC “Dynamics” and is authorized by Energy Department and Federal Technacal Supervision Service of Russia [3]. This document is offered to ration effective values of vibro displacement, velocity, acceleration and speeds of their variation in time depending on sort and power of trains. 

The method of application is invariant to design - technological features of trains. It has allowed for the last five years widely to insert stationary systems on tens technological settings in largest oil-refinery of Russia from Volga up to Angara.



Performance



Continuous machinery vibration monitoring and automatic diagnostic with the indicating of troubles have reduced in drop of emergencies and manufacturing shut-downs of machinery (with the registration «unfriendly» of operatings of staff) in eight and more times; to drop of failures of couplings of pumps in 3 - 8 (by operation on a gas condensate) and more time; to drop of amount of repair and amount of substituted details at repair more than 3 time.

Systems of diagnosing, the predictions and continious monitoring of trains availability provide:

on settings:

the multiple rise of output, drop of complexity of measurings and issue of the diagnoses - instructions on 5-6 orders, price of posing of the diagnosis is essential less than one cent;

magnification of between-repairs run of machinery, stability improvement of the technological system as a result of warning emergencies pump-compressor of trains, manufacturing shut-downs and idle times of technological installations for these reasons;

saving of operation expenditures by conservation of maintainabity at complete usage 

of a resource of trains, exception of the unreasonable and poor-quality repairs, canceling of major reasons of appearance of those or diverse faults or troubles; 

reallocating the pattern of repairs - from capital and mean to current and to routine maintenance - due to implementation of know-how of diagnostic servicing on a state;

saving of materials and furnishing and spares; 

an incoming inspection of trains after repair and wiring on setting;

in remedial production:

rise of quality of repair by operational development of reconditioned electric motors and pumps up to demanded indexs of quality on vibration;

drop of bulk of returning from exploitation both repetitive assemble-disassembling and shipping operations also lowering quality of trains;

In the diagnostic network:

facilitation of handle of staff serving pump-compressor machinery, i.e. significant rise of safety of exploitation;

automation of mass experimental studies vibroparameters of trains, the results which one allow: to select perspective dopants and oils essentially increasing a resource of separate clusters, in particular of bearings; to optimize fleet of pump-compressor machinery with the purpose of minimization of power inputs and losses by production of petroleum;

to remove design errors and to accelerate placing on production of the new and upgraded productions; to reduce bulks and periods of overhaul and to augment between-repairs run of machinery and settings as a whole on the basis of the profound diagnostic of their availability for durable period and peer analysis on all installations, by routing efforts and facilitiess by liquidation of fundamental reasons producted repair of objects (LIFPOTM  technology).

The look-alike wide area implementation of stationary systems of vibrodiagnostic and monitoring is realized for the first time in Russia and, apparently, for the first time in the world, therefore as base of matching the existing processes of waste-handling of an oilstock and economical losses, connected to them were accepted a method hand-held vibrocontrol of a state of machinery with the help of portable instruments. Taking into consideration, that the exact registration of distresses and shut-downs of machinery has become possible only after first-order development of stationary systems which are carrying on continuous check for machinery vibrocondition, the reduced effect should be esteemed as a conservative estimation of substantial effect from below.

The high performance (fig. 8) of stationary systems COMPACS® is provided with a number of their features and performances:

by high speed, objectivity and veracity of results of automatic diagnostic of trains due to usage of carefully completed algorithms of diagnosing;

by inevitability of finishing of these results up to the item of information of staff of installations with the subsequent check and police (if necessary) of its operatings;

by high reliability, simplicity of servicing and dialogue with the system; 

by transformation of the highly skilled specialists of departments major mechanics and major power engineering, and also firm technical supervisors from the collectors of the information, frequently in a distress, in the analyzers, rises, working above problems, of reliability of machinery and optimization of the schedules of conducting of overhaul of installations on the basis of vast statistics vibroparameters and archives storing trends of all arguments of trains on a extent as of the last hours, and number of years;

by an instantaneous feedback between a state of machinery and operatings of the mechanics, machinery staff and electricians.

The cumulative annual economic efficiency by the most retiring estimations only on 12 settings of three Russia oil-refinery exceeds some tens millions dollars, that is the rather large investments in a business economics. With implementation of systems COMPACS® have increased use reliability and remedial adaptability to manufacture of trains, technical and ecological safety, culture of production and technological discipline. 

The exploitation of machinery in oil-gas branch on the basis of the complex of methodical and soft-hardware facilitiess COMPACS® allows to save significant facilitiess multiply exceeding expenditures on implementation. 

In 1997 the group of autors was awarded with Goverment bonus of Russian Fedefation in the field of science and technique for Technology and complex of methodical and software-technical facilities COMPACS® [4].
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Fig. 1. One year trends of centrifugal pump vibroparameters:

1 – wear of console pump bearing; 2 – wear of motor bearing; 3, 4 – agregate halted without motor bearing replacement; 5 – motor bearing was replaced, leakage of pump seal because of high motor vibration, pump seal replacement; 6 – second leakage of pump seal because of high motor vibration; 7 – weak attachment an motor to foundation and alignment fault
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Fig. 2. Reduction the number of units with the increased vibration on COMPACS® system instructions:

А – on vibroacceleration; V – on vibrovelocity; S – on vibrodisplacement

��

Fig. 3. One year trends motor bearing vibroparameters of centrifugal pump Н-11А:

А – vibroacceleration peaks by bearing destruction; V – velocity.
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Fig. 4. 15 day’s trends motor bearing vibroparameters of centrifugal pump Н-11А:

1, 2 – at presence of defect; 3 – after entering lubrificant; 4 – after changing a bearing; �А - vibroacceleration; V – vibrovelocity
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Fig. 5. Reduction of dynamic loads in fault bearing of pump due to using a special �additive in oil
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Fig 6. Changing a defensive cartridge case, internal and external magnetic couplings, bearings of HMD pump:

а) bearing vibroacceleration highly sensitive to defects;

b) vibrovelocity not allows to detect defect
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Fig. 7. One year trends back motor bearing vibroparameters of Wortington pump:

1 – mounth trend of back motor bearing destruction, stoppage and bearing replacement; 2 – 3-mounth slow and 2 weeks quick trend of bearing destruction; �3 – pump started with defect bearing; 4 – pump was repaired well
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Fig. 8. Forming economic efficiency from introducing the systems COMPACS®
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