MT-13 – Tribology. Wear and Lubrication
6th semester 

MODULE I  (Weeks 1-7)

Week 1
Повторение лексики 5-го семестра по теме Модернизация производства

Тема # 1    для экзамена по специальности МТ-13 (Модернизация производства)

I study at BMSTU in Moscow. Now I am completing my third year. My department trains specialists in a very interesting branch of engineering – Renovation / Modernization of Technical Production and Equipment. This specialty also includes quite a new branch of engineering – Tribology.

Modernization of production and equipment can solve many important problems in Engineering:

1).   Renewal of the service life / life cycle of technical equipment.

2).   Restoration of the service life of technical facilities: modernization of work places, renewal of production lines, rebuilding of plants.

3).   Reuse of products or technical equipment

4).   Repair, Remanufacturing or Recycling.

	Tribology is a branch of engineering that deals with friction and the problems it causes. This science studies different types of friction in mechanisms. It is always necessary to eliminate or reduce wear and tear in machines. Therefore, we study fundamental aspects of lubrication and lubricants, corrosion and maintenance. We study properties of different types of materials, for example, metals, metallic alloys, ceramics, polymers and composites). All over the world, the wastage of resources resulting from high friction and wear is great. That is why our specialty is very important now.


After graduation, we could work as maintenance engineers at plants and factories. 

Maintenance engineers are responsible for the continuous running of equipment and machinery. They use computerized systems to oversee routine maintenance and organize repairs. They are also involved in control and monitoring devices and occasionally in the manufacture of items that will help in maintenance.

Maintenance engineers work with other professionals in order to improve production facilities. They try to reduce the number of costly breakdowns. Their duty is to improve overall reliability and keep an eye on safety of plant, personnel and production processes.

We read about typical work activities of a maintenance engineer in the Internet, his responsibilities and tasks. The most important and practical of them are:

· diagnosing and solving breakdown problems;

· planning and scheduling planned and unplanned work;

· dealing with emergency and unplanned problems and repairs;

· controlling maintenance tools, stores and equipment;

· monitoring and controlling maintenance costs, and others.   (2350)
Для информации:

Специальность 072100 «Реновация средств материального производства в машиностроении»   -   “Renovation of Productive Means in Mechanical Engineering”

Week 2

MT-13 – Modernization of Production 
Повторение пройденного материала (Тексты прошлого семестра)
The 3 R’s

The [English] terms “retrofit”, “rebuild” and “remanufacture” have different meanings. A machine tool retrofit entails all things electronic: the controls, motors, drives and magnetic components. A retrofit process brings everything up to current standards. A rebuild includes all things mechanical, such as the ways, spindles and thrust bearings, engines or boilers.

A remanufacture is a combination of the two, including some engineering upgrades. The spindle might be redesigned or a new tool changer might be installed. At a minimum, the machine is going to be better than when it was new.

Whether the work performed makes a machine like new or better, such a transformation doesn’t happen overnight. A retrofit might take 3 to 6 weeks, a rebuild 10 to 12 weeks and remanufacture 4 to 6 months. (800)
Forms of Product Recovery

· Rebuilding or recovery ( brings a machine to the condition it was when it was originally purchased);

· Reuse (items are used by a second customer without prior repair operation or as originally designed);

· Repair (brings damaged components back to a functional condition);

· Refurbishing or Reconditioning is the process of restoring components to a functional and/or satisfactory state to the original specification, using methods such as resurfacing, repainting, etc.

· Retrofit (brings everything up to current standards);

· Recycling (the process of taking a component material and processing it to make the same material or useful degraded material

· Remanufacturing.   -   It is an industrial process in which worn-out products are restored to like-new condition. Through a series of industrial processes in a factory environment, a discarded product is completely disassembled. Useable parts are cleaned, refurbished, and put into inventory. Then the product is reassembled from the old parts (and where necessary, new parts) to produce a unit fully equivalent and sometimes superior in performance and expected lifetime to the original new product". (1150
RETROFITTING

Retrofitting refers to the addition of new technology or features to older systems. / The addition of new technology or features to older systems may be referred to as Retrofitting.

· power plant retrofit, improving power plant efficiency / increasing output / reducing emissions

· home energy retrofit, the improving of existing buildings with energy efficiency equipment

· seismic retrofit, the process of strengthening older buildings in order to make them earthquake resistant

· machine-tool retrofit,   -   all measures possible to increase productivity and efficiency, minimizing the cycle time; to improve the safety of the machine-tool; to increase the quality of manufactures parts; to reduce maintenance costs for wear and repair; to give your old machine-tool a new lease of life*. (800)
*get/give a new lease of life   -   начать новую жизнь, дать новую жизнь
REMANUFACTURING
Remanufacturing is the process of disassembly and recovery at the module level and, eventually, at the component level. It requires the repair or replacement of worn out or obsolete components and modules. Parts subject to degradation affecting the performance or the expected life of the whole are replaced. 

Remanufacturing differs from other recovery processes in its completeness: a remanufactured machine-tool should match the same customer expectation as a new machine.

Range of products being remanufactured 
	Machine tools

Electrical motors and compressors

Starter motors

Automatic transmissions

Car and truck engines

Office photocopiers (laser toner cartridges)

Excavation equipment

Office furniture

Power bearings
	Defense equipment

Computer and telecoms equipment.

Air-conditioning units

Pumps

Industrial food processing equipment

Aerospace

Rolling stock (railway vehicles – подвижной состав)  (900)


REBUILDING

Rebuilding is an old name for remanufacturing. It is still widely used by automotive industry. For example, the Automotive Parts Remanufacturers Association (APRA), have the new term in their name, but to be safe on their own website use the combined term as 'rebuild/remanufacture'  (разобрать предложение по членам предложения). 
The term “rebuilding” is also often used by railway companies; a steam locomotive may be rebuilt with a new boiler or a diesel locomotive may be rebuilt with a new engine. This saves money (by re-using the frame, and some other components, which still have years of useful life) and allows the incorporation of improved technology. For example, a new diesel engine may have lower fuel consumption, reduced exhaust emissions (обратить внимание на цепочки слов) and better reliability.  (740)

______________________________________________________________________________
Hometask:

1. To prepare for a dictation.

2. To translate in the written form the paragraph “Trybology” from the exam topic.
WEEK 3
Dictation   - 25 min. (+10 min. for check)
TRIBOLOGY

Introduction
Definition:

	Tribology is the science and engineering of interacting surfaces in relative motion. It includes the study and application of the principles of friction, lubrication and wear. Tribology is a branch of mechanical engineering and materials science.




Review the paragraph about Tribology from your home task:
Tribology is a branch of engineering that deals with friction and the problems it causes. This science studies different types of friction in mechanisms. It is always necessary to eliminate or reduce wear and tear in machines. Therefore, we study fundamental aspects of lubrication and lubricants, corrosion and maintenance. We study properties of different types of materials, for example, metals, metallic alloys, ceramics, polymers and composites). All over the world, the wastage of resources resulting from high friction and wear is great. That is why our specialty is very important now.
Read, translate and discuss:
Tribology Course objectives (Tribologists’ Commandments) – Заповеди триболога
Machine elements like gears, bearings, brakes, clutches, cams, chains, and seals all have moving parts. 
•The surfaces of these moving parts rub against each other. 

•The contact zone is frequently the origin of failures. 

•These failures include wear, seizure, excessive friction, or contact fatigue. 

•The study of friction, wear, contact mechanics, and lubrication is of great importance. 

•Tribology is the science of relative surfaces in relative motion. 

•All technical students should be given a basic understanding of the principles of Tribology. 

•Students should be prepared to solve industrial tribological related failures when they occur in their later working life. (660)
Text 1.   Fundamentals

The tribological interactions of a solid surface's exposed face with interfacing materials and environment may result in loss of material from the surface. The process leading to loss of material is known as "wear". Major types of wear include abrasion, friction (adhesion and cohesion), erosion, and corrosion. Wear can be minimized by modifying the surface properties of solids by one or more of "surface engineering" processes (also called surface finishing) or by use of lubricants (for frictional or adhesive wear).

Estimated direct and consequential annual loss to industries in the USA due to wear is approximately 6% of the Gross Domestic Product. Engineered surfaces extend the working life of both original and recycled, and resurfaced equipment, thus saving large sums of money and leading to conservation of material, energy and the environment. Methodologies to minimize wear include systematic approaches to diagnose the wear and to prescribe appropriate solutions. (980)
Words and word combinations to be remembered:

Interfacing materials, surfaces   -   соприкасающиеся, смежные, взаимодействующие материалы, поверхности 

Loss of material   -   потеря металла
Wear   -   износ (сущ.);  истирание
to wear (глаг.) – wore - worn (off, out)   изнашивать(ся); истирать(ся); срабатывать(ся) 

wear and tear — износ, снашивание
 Tear – износ физический, разрыв
adhesion   -   1) адгезия; прилипание; сцепление 2) схватывание при трении
adhesion in friction — схватывание при трении
cohesion   -    когезия, сцепление, связь; связность
surface engineering   -   модифицирование поверхности
lubricant   -   смазочный материал, смазка (обычно жидкая), смазочное масло

Ex. 1: translate the following word combinations and learn them:

1) abrasive wear
2) corrosive wear
3) cutting wear
4) dynamic wear
5) erosive wear
6) even wear
7) fine wear
8) gross wear
9) in-service wear
10) mechanical wear
11) metallic wear
12) rapid wear
13) roller/bearing/shaft wear
14) smooth wear

Ex. 2

How to start learning one word and learn the whole bunch of them!
TO LUBRICATE (глагол, прав.)   lubricated   -  пр.время   -   смазал




Lubricated (прич. прош. вр.)   -   смазанный




Lubricating (прич. наст. вр.)   -   смазывающий





Lubricating (герундий – назв. процесса) - смазывание

LUBRICANT
-
смазочное вещество


LUBRICATION
-
смазка (процесс), смазывание (метод смазывания)


LUBRICATOR
-
???




LUBRICITY
-
смазывающая способность, смазываемость, маслянистость


Lube   -   1) СОЖ, смазочный материал, смазка, смазочное масло




   2) смазывать (глагол);  3) смазочный



Lube oil, lube system (система подачи СОЖ), and lube cycle (цикл периодической смазки)

Hometask:

1). Ex.3.   Find Russian equivalents for the following word combinations (word-strings) :
	automatic lubrication

hydrodynamic lubrication

preventive lubrication

permanent lubrication
	

	spray lubrication

splash lubrication

pressure lubrication

lifetime lubrication

separate lubrication
	Принудительная смазка, С. под давлением



	chassis lubrication

engine lubrication
suspension lubrication

semi-fluid lubrication
	Полужидкостная смазка

	direct lubrication system
	

	pulse lubrication system
	Импульсная смазочная система

	series lubrication system
	Последовательная 

	air-oil-mist lubrication system
	

	“total loss” lubrication system
	Проточная 


Text 2: Read about teaching Tribology at MIT
TRIBOLOGY: FRICTION, WEAR, AND LUBRICATION

MIT (Massachusetts Institute of Technology), the USA
The study of friction, wear, and lubrication has long been of enormous practical importance, since the functioning of many mechanical, electromechanical and biological systems depends on the appropriate friction and wear values. In recent decades, this field, termed tribology, has received increasing attention as it has become evident that the wastage of resources resulting from high friction and wear is great. The potential savings offered by improved tribological knowledge, too, are great.

The background of most engineers in this important technological area, however, is seriously deficient. For example, an undergraduate engineering student receives less than an hour of instruction in tribology. Moreover, most reference works of tribology provide little guidance to solving real-world problems.

MIT provides a program presenting current insights into tribology, focusing on the concepts of surface energy, elastic and elastoplastic deformation, and delamination* at the microscale. Additionally, special consideration is given to tribological phenomena at the nanoscale, and the application of fundamental knowledge to control friction and wear behavior in practical situations. Furthermore, modern experimental methods and quantitative relationships** are discussed. (1280)
*delamination   -   отслаивание, расслаивание, расслоение
**relationship   -   отношение; взаимоотношение; связь
2).
Compare your Course of training in Tribology with the MIT’s

The students of the MIT’s Course in Tribology are taught to:

· describe physical and chemical aspects of solid surfaces, and surface interactions (Yes/No/Different)
· analyze the mechanics of solid surface contacts (Y/ N/ D)…
· recognize the laws of friction, mechanisms of friction, friction space, stiction (прилипание), stick slip (прерывистое скольжение), and surface temperature. (Y/ N/ D)…
· differentiate and appreciate the various modes of wear: adhesive, delamination, fretting, abrasive, erosive, corrosive, oxidational (mild and severe) wear, melt. (Y/ N/ D)…
· identify types of lubrication: boundary, solid-film, hydrodynamic, and hydrostatic lubrication. (Y/ N/ D)…
· examine applications: sliding contacts, rolling contacts, electric contacts, and micromechanical systems. (Y/ N/ D)…
· examine and analyze the design of tribological surfaces. (Y/ N/ D)

· how to troubleshoot tribology problems. (Y /N/ D)… (800)
WEEK 4
Read for 3-4 minutes. Give a rough translation. Make up an abstract (2-4sent.)
Text 3 (supplementary).   That’s interesting:  (text for information)

The study of tribology is commonly applied in bearing design but extends into almost all other aspects of modern technology, even to such unlikely areas as hair conditioners and cosmetics such as lipstick, powders and lip gloss.

Any product where one material slides or rubs over another is affected by complex tribological interactions, whether lubricated like hip implants and other artificial prostheses, or unlubricated as in high temperature sliding wear, in which conventional lubricants cannot be used but in which the formation of compacted oxide layer glazes (глазурь) has been observed to protect against wear.

Tribology plays an important role in manufacturing. In metal-forming operations, friction increases tool wear and the power required to work a piece. This results in increased costs due to more frequent tool replacement, loss of tolerance as tool dimensions shift, and greater forces required to shape a piece. The use of lubricants, which minimize direct surface contact, reduces tool wear and power requirements. (1030)

WEAR and TEAR.      
3D Blockbuster:   Damage, Destruction and Disruption

Task 1.
Think of a final sentence for the following text
When Two Surfaces are Pressed Together

Surfaces may look smooth, but on a microscopic scale, they are rough. When two surfaces are pressed together, contact is made at the peaks of the roughness or asperities. The real area of contact can be much less than the apparent or nominal area. At the points of intimate contact, adhesion or even local welding can take place. If we want to slide one surface over the other then we have to apply a force to break those junctions. (470)
[image: image1.png]Regions of true contact





Task 2.   Answer the question: Is friction desirable or undesirable in life?
The Force of Friction
Friction force is the resistance encountered when one body moves relative to another body with which it is in contact. Static friction force is how hard something must be pushed to make it move, whilst dynamic friction force is how hard it must be pushed to maintain motion. The ratio of the frictional force F to the normal force P is called the coefficient of friction.
[image: image3.jpg]



Usually we want low friction (in a car engine, for example) not to waste excessive energy getting it moving. But in some cases we need high friction, e.g. in brakes. Friction is also important for car tires to grip the road and between shoes and the ground in walking (640)
Task 3.   Write a summary in two sentences:

Keeping the Surfaces Apart - Lubrication

[image: image4.png]


If we put a layer of oil between two surfaces, then we can separate them and easily slide one over the other with reduced friction and wear. Mineral oils are the most common lubricants, but other low shear strength materials are also used, such as graphite, teflon, and soft metals like lead or gold.

The selection of the best lubricant and understanding the mechanism by which it acts to separate surfaces in a bearing or other machine components is a major issue for study in tribology. (520)
Task 4.   Write an abstract in Russian (3-4 sentences):
When Things Wear Out

[image: image5.png]


    If one surface slides over another,  the asperities come into contact and there is a possibility that wear can occur. The breaking of all these little junctions can cause material removal (adhesive wear), or the asperities of a hard surface can plough grooves in a soft surface (abrasive wear).

    Wear is usually unwelcome; it leads to increased clearances between moving components, increased mechanical load and even fatigue. But in grinding and polishing processes the high wear is desirable.

    In addition to adhesive and abrasive wear, there are other mechanisms whereby material can be removed from a surface. Erosive wear occurs when particles (or even water droplets) strike a surface and break off a bit of the material. Hard particles can become trapped in contact surfaces areas and cause the material to be removed from one or both of the surfaces. One of the main reasons for frequent change of the car engine oil is that it becomes contaminated with hard debris particles that can wear out the engine components. (1040)
Home task:

1. To prepare for a dictation.

2. To write in English the definitions of 10 terms:   damage;   destruction;   disruption;   asperities;   area of close contact;   friction force;   to maintain;   most common lubricants;   fatigue;   hard debris particles
WEEK 5
Dictation   - 25 min. (+10 min. for check)
Text 4

LUBRICATION (Part 1)
Lubrication   -   What is it?
Lubrication is the process, or technique employed to reduce wear of one or both surfaces in close proximity*, and moving relative to each other, by interposing a substance called lubricant between the surfaces to carry or to help carry the load (pressure generated) between the opposing surfaces. The interposed lubricant film can be a solid, (e.g. graphite), a solid or liquid dispersion, a liquid, a grease or, exceptionally, a gas.

In the most common case, the generated pressure carries the applied load. The pressure generates within the fluid due to the frictional viscous resistance to motion of the lubricating fluid between the surfaces.

Adequate lubrication allows smooth continuous operation of equipment, with only mild wear, and without excessive stresses or seizures at bearings. When lubrication breaks down, metal or other components can rub destructively over each other, causing destructive damage, heat, and failure. (930)
*in close proximity  -  рядом, в непосредственной близости
To interpose  -   вводить, вставлять, заполнять промежуток



interposing (процесс)  -  заполнение



interposed lubricant  -  залитая смазка, внесенная смазка
Выписать незнакомые слова, мешающие пониманию текста:
Выполнить устный перевод текста.

Text 4a
Lubrication: (Read the text without a dictionary NOW.) Тренировка Rendering. Дать краткий свободный перевод с листа:
Lubrication is the process, or technique used to reduce wear of one or both surfaces in close contact, and moving relative to each other, by using a lubricant between the surfaces to carry the load (generated pressure) between the opposing surfaces. The lubricant film must be introduced between the surfaces. It can be a solid, a liquid, a liquid dispersion, or a grease).

Typically, lubricants contain 90% base oil (usually mineral oils) and less than 10% additives. Vegetable oils or synthetic liquids are sometimes used as base oils. Additives deliver reduced friction and wear, increased viscosity, resistance to corrosion and oxidation, aging or contamination, etc.

Good lubrication provides smooth continuous operation of equipment. When lubrication breaks off, metal or other components can rub destructively over each other, causing destructive damage, heat, and failure.  (880)

Give the rough translation of the text. (Rendering)
Home task:

Text 5
1)  Translate the text in the written form
ENGINE LUBRICATION

Lubrication plays a key role in the life expectancy of an engine. Without oil, an engine would die from overheating and seizing very quickly. Lubricants help lessen this problem, and if properly monitored and maintained, can extend the life of your motor.

Where Engine Lubrication Begins
The process of lubrication in an internal combustion engine begins in the sump, commonly referred to as the oil pan. From here, the oil is pulled through a strainer, by the oil pump, removing larger contaminants from the mass of the fluid. The oil then goes through the oil filter. It is important to note that not all filters perform the same. A filter’s ability to remove particles is dependent upon many factors, including the filter material properties (e.g., pore size, surface area and depth of filter). Oil is pumped through passageways to the various components of the engine such as the cam, main bearings, rod, pistons, etc. Gravity then pulls the oil back down to the bottom of the motor to drain back into the sump, and the cycle repeats. (1000)
2) Translate all the terms shown on the drawing:
How The Lubrication System Works In An Engine?
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WEEK 6
Discussion on Car Maintenance (45 min.)
You drive your car every day, isn’t it nice to know how does it work? There are the relevant details of how the combustion engine works.   -   Describe the ICE operation.
You may know about maintaining your car, which means that you have to change the Engine lubrication oils from time to time. What you may not know is where the oil goes, what it does inside, or why it needs to be changed from time to time.    Describe the oiling process.
The first task of oil in the engine is to keep the things oily so they could not get dry. Just think for a while if the eardrum-piercing sounds of metal pistons screeching up and down inside a dry cylinder. It will be so annoying, isn’t it?     Say how lubrication helps in this case.
There are pleasant effects of keeping the engine lubricated with automotive lubricants. There is little friction, and the engine has to make little effort to keep it running. Therefore, it means that it is can run at the lower temperature. Moreover, this means less wear and tear on the engine parts. Engine needs to be “fed” with clean oil to perform well.   -   Why does the oiled engine work at the lower temperature?
A useful tip for lubrication:

Sometimes when you go to the local workshop, they recommend you have a “lube job”. That is certainly not an oil change in the system. That means oiling the chassis and suspension system. None of them shares the oil with lubrication system in engine. (1230)
________________________________________________________________________
Работа по переводу с русского языка на английский:

Что следует помнить при построении английского предложения.

1. В английском предложении всегда должны быть подлежащее и сказуемое.

2. В повествовательном предложении подлежащее всегда стоит перед сказуемым.

3. Сказуемое всегда согласуется с подлежащим (в настоящем времени – в лице и числе – окончание –S в 3 л. ед.ч.)

4. В отличие от русского языка пропуск с дефисом или без него вместо сказуемого «есть, имеется, бывает)»  -  то есть личные формы глагола to be в настоящем времени (am, are, is) не используется. Глагол-связка, относящийся к сказуемому, никогда не опускается:
Примеры:   Он – хороший специалист.
He is a good specialist.

Книга на столе.
-
The book is on the table.

Погода хорошая, пойдем гулять.
-
The weather is good…..

1). Пример перевода предложения из текста домашнего задания:
Самая главная проблема в эксплуатации автомобиля — холодный запуск.

· Подлежащее есть   -   проблема (the problem)
· Сказуемого нет   -   оно подразумевается (проблема есть/является холодный запуск), в английском переводе восстанавливаем: the problem is a cold start. IS является глаголом-связкой в составном именном сказуемом (a cold start – именная часть).
· «Украшаем» подлежащее: какая? - самая главная проблема – the most important problem.
· Проблема в чем?   -   in operation of a car – неплохо, но можно лучше и проще. По английским правилам, существительное, определяющее другое существительное, ставится перед ним: car operation (получилась цепочка слов из двух слов, главное из них по смыслу – последнее, т.е. operation /эксплуатация, работа, а первое его определяет).
Из заготовок составляем предложение:

The most important problem in car operation is a cold start.

2).   Анализ второго, более сложного предложения.

Запуск холодного двигателя вреден, поскольку он ведет к ускоренному(rapid) износу его вращающихся и трущихся элементов.
Предложение сложное, в нем есть главное предложение (до запятой) и подчиненное обстоятельственное предложение, в котором тоже надо соблюдать правила, изложенные выше.
1. Схема перевода первой части: запуск холодного двигателя есть вредный. Для понятия запуск холодного двигателя есть устойчивое английское выражение (термин)   -   cold start.
2. Далее следует союз «поскольку/так как», используем английский союз «since», он часто используется в технических текстах (не путать с другими значениями слова «since»). Можно применить слово “because”.
3. Переводим: он ведет к (имеет своим результатом  -  to result in) ускоренному износу (кого/чего – род. пад. без предлога в русском варианте, часто передается английским предлогом of) его (принадлежащих ему  -  its) элементов. 
4. Вращающийся и трущийся – берем глаголы вращаться (rotate) и тереться (rub) и делаем из них причастия настоящего времени на –ущ, -ющ. Это делается при помощи английского окончания причастия настоящего времени –ing:   Rotating and rubbing
Собираем предложение из «запчастей»:  
Cold start is bad since/because it results in rapid wear of its rotating and rubbing elements.
3).   Анализ предложения, в русском варианте которого нет подлежащего 
Необходимо залить масло.
- It is necessary to oil the engine.

Нужно немедленно выключить двигатель.
It is necessary to stop the engine. (Можно «привязать к лицу:   You should stop the engine now.)
Полезно проверять работу поворотных сигналов перед поездкой. It is useful to check the headlight operability before the trip.
Лучше заливать топливо согласно требованиям. It is better to use the petrol in accordance with technical requirements.
Может получиться так, что двигатель перестанет работать.
- It may happen that the engine would stop operating. 
Есть несколько видов топлива.
-There are several types of fuel.
На нашей заправке есть только два вида бензина.

If you fail to oil the engine regularly, it could seize up without warning. — Если вы не будете регулярно заливать масло, то мотор внезапно может начать заедать.

нужно сделать это тщательно — it needs to be done carefully
это нужно сделать — it must be done;   it has to be done.
Hometask:

Translate from Russian into English:

Самая главная проблема в эксплуатации автомобиля — холодный запуск.

Запуск холодного двигателя вреден, поскольку он ведет к ускоренному(rapid) износу его вращающихся и трущихся элементов. От холода металл сжимается (to contract), и зазоры (gaps, clearances) между деталями двигателя увеличиваются. Компрессия в цилиндрах падает. Масло становится более густым и теряет текучесть. После старта двигатель получает смазку не сразу, не мгновенно — вот почему один запуск при (at) минусовой (subzero) температуре приравнивается (считается приравненным) к нескольким сотням километров пробега (running), и чем холоднее температура, тем больше износ. В один прекрасный морозный день двигатель может заклинить по причине трения на сухую (трения без смазки).

Вот почему моторное масло на эксплуатируемой зимой машине должно быть качественным и свежим. Замену масла в зимнее время или после зимы следует проводить раньше окончания интервала замены (oil change interval): необходимо учитывать прогревы (warming up). (1000)
WEEK 7 – TEST

MT-13 – Tribology. Wear and Lubrication
MODULE 2  (Weeks 8-14) 
WEEK 8

Text 6
Types of Lubricants
Solid lubricants are usually used for lubrication applications running under extreme conditions. The usage can be directly as powder, in suspensions, in pastes, in lubricating greases, in metallic films, in bonded lubricants etc. 

Pastes (пасты) are used in very slowly running bearings (rolling and plain bearings), under simple sliding procedures, as assembly pastes, separating agents or as high temperature pastes at temperatures above +300°C. The use of solid lubricants makes pastes suitable for extreme heavy load applications.

Greases (консистентная смазка, густая смазка) are the "all-rounder" among the lubricants and find use in practically every industry. They cover broad ranges of temperature, speed and load. Application areas can be in dry, dusty as well as wet, corrosive environments.

Bonded lubricants (смазки со связующим элементом) are pure specialists and are used above all where their advantages like clean working, economical lubricant consumption, stability under vacuum, resistance to radioactive radiation and very wide temperature range (- 200 to +650°C) are particularly demanded. Bonded lubricants always consist of a solvent, a binder (связующее вещество, связующий элемент), and a solid lubricant. (1200)

Fill in the table using information from the text, and whatever you know about lubricants:
	Name
	Application
	Temperatures
	

	Pastes


	
	
	

	Greases


	
	
	

	Bonded Lubricants


	
	
	

	Powders


	
	
	

	Suspensions


	
	
	

	Metallic films


	
	
	


WEEK 9

Read and discuss in class:

Text 7

  Liquid lubricants

Aerosols. For easy application the most important products are also offered as aerosols. Especially in workshops and maintenance, they are favored because of their easy handling. On top of this, there are also products, which are suitable for food processing machinery, or applications where physiologically safe products are required.

High temperature oils. The performance requirements for modern lubricating oils, especially in high temperature application, are continuously increasing. High temperature oils are developed for these applications in particular. As an example, oils for the chain lubrication suitable to work at temperatures up to +300°C (containing solids up to +600°C), should be mentioned here. Besides outstanding ageing resistance, lowest possible evaporation losses and consequently reduced consumption are evident.

Compressor oils.  In many applications, common hydraulic-, gear and compressor oils cannot withstand the increased requirements. Nowadays modern compressor oils offer a lifetime of 10.000h and more. This is only feasible by means of using suitable base oils and additives. In gearboxes, high performance gear oils provide reduced friction and thus reasonable energy savings and longer life because of lowered steady-state temperatures.

Metal working fluids. No other range of lubricants came into focus regarding toxicity and environmental impact like metal working oils did. Reasons for that among others were the direct exposure of the user (skin contact, aspiration) and the problematic wastewater treatment in case of the water miscible oils. Metal working fluids meet these requirements but they also guarantee the required cutting, grinding and lapping properties by using state-of-the-art formulation.  (1700)

Text 8

Read the following paragraphs and answer the questions:

1) What is extremely important in the process of lubrication?

2) Why are additives to lubricants of great importance?
Tips for lubrication

The best possible performance of high performance lubricants can be achieved by means of professional cleaning of the machine parts prior to initial filling. By doing so, the best contact of the lubricant to the surface can be assured. Besides outstanding cleaning effect, environmental friendliness and protection of the user has to be taken into account. 

Additives are used to support or improve existing properties of the lubricant and/or base oils. This includes oxidation stability, load carrying capacity or lubricity. They can also be used to generate additional properties such as corrosion protection, wetting properties, and flow at low temperatures. Making special lubricants requires the use of synergistic combinations of different additives. (770)

www.cetral.net 

WEEK 10

Intermediate Week 10 Test – 45 min.

Discussion
Home task: 1) write two abstracts 

2) Read the text below and consider the information

Managing Friction  (www.asme.org)

Engineers have plenty of technology for controlling friction and wear, including naturally lubricious materials, high-performance lubricants, and rolling element bearings. But according to Michael French, emeritus professor of engineering at Lancaster University in the United Kingdom, good mechanical design related to friction starts with practicality.

In a list of design principles, he recommends, “Prefer pivots to slides, and flexures to either.” In other words, follow a few simple guidelines, and designs will be more robust against the unknowns and undesirables of friction. The goal is to reduce frictional forces to be insignificant compared to other forces in a device.

French maintains that managing friction starts with the mechanical design schemes and the least preferred are slides, or more accurately, linear motion. Linear slides do not work well because they require lots of space, generate high loads, and often stick or jam. 
WEEK 11

Lubricoolant (СОЖ)

Terms in English:

Lubricoolant,   cutting fluid,   lubricating fluid,   cutting emulsion,   lubricating fluid,   metal-cutting [metal working] oil,   cutting coolant,   coolant,   coolant fluid, cutting lubricant,   metal-working lubricant,   cutting oil,   emulsion oil,   metal-cutting oil.
Text 9
Read and discuss the text:

CUTTING FLUID
Cutting fluid is a type of coolant and lubricant designed specifically for metalworking and machining processes. There are various kinds of cutting fluids, which include oils, oil-water emulsions, pastes, gels, aerosols (mists), and air or other gases. They may be made from petroleum distillates, animal fats, plant oils, water and air, or other raw ingredients. Depending on context and on which type of cutting fluid is being considered, it may be referred to as cutting fluid, cutting oil, cutting compound, coolant, or lubricant.

Most metalworking and machining processes can benefit from the use of cutting fluid, depending on workpiece material. Common exceptions to this are machining cast iron and brass, which are machined dry.

The properties that are sought after in a good cutting fluid are the ability to:

· keep the workpiece at a stable temperature (critical when working to close tolerances). Very warm is OK, but extremely hot or alternating hot-and-cold are avoided.

· maximize the life of the cutting tip by lubricating the working edge and reducing tip welding.

· ensure safety for the people handling it (toxicity, bacteria, fungi) and for the environment upon disposal.

· prevent rust on machine parts and cutters.
Home task: retell the text
WEEK 12
Text 10

FUNCTIONS of LUBRICOOLANTS:
(1) Read and give the main idea of cooling in English – 2-3-4 sentences)

Cooling   
Metal cutting operations generate heat due to tool friction and energy lost deforming the material. The surrounding air is a poor coolant for the cutting tool because it conducts heat poorly and has low thermal conductivity. Ambient-air cooling is adequate for light cuts and low duty cycles typical of maintenance, repair and operations (MRO) or hobbyist work. However, production work requires heavy cutting over long time periods and typically produces more heat than air cooling can remove. Rather than pausing production while the tool cools, using liquid coolant removes significantly more heat more rapidly, and can also speed cutting and reduce friction and tool wear. (700)

(2) Read and give the main idea of lubrication in English – 1 sentence)

Lubrication
Besides cooling, cutting fluids also aid the cutting process by lubricating the interface between the tool's cutting edge and the chip. By preventing friction at this interface, some of the heat generation is prevented. This lubrication also helps prevent the chip from being welded onto the tool, which interferes with subsequent cutting.

Extreme pressure additives are often added to cutting fluids to further reduce tool wear.

(
(3) Produce short rendering of the whole text “Functions” above.
Read for 3-4 minutes and then retell the text in Russian (Rendering Training):

Types of Lubrication 
Differing widely in viscosity, specific gravity, vapor pressure, boiling point, and other properties, lubricants also offer a wide range of selection for the increasingly varied needs of modern industry. But whatever their derivation or properties, the purpose of lubricants is to replace dry friction with either thin-film or fluid-film friction, depending on the load, speed, or intermittent action of the moving parts. Thin-film lubrication, in which there is some contact between the moving parts, is usually specified where heavy loads are a factor. In fluid, or thick-film, lubrication a pressure film is formed between moving surfaces and keeps them completely apart. This type of lubrication cannot easily be maintained in high-speed machinery and therefore is used where reciprocating or oscillating conditions are moderate. (833).   www.infoplease.com 

WEEK 13
Rendering:
1. Where Engine Lubrication Begins

The process of lubrication in an internal combustion engine begins in the sump, commonly referred to as the oil pan. From here, the oil is pulled through a strainer, by the oil pump, removing larger contaminants from the mass of the fluid. The oil then goes through the oil filter. It is important to note that not all filters perform the same. A filter’s ability to remove particles is dependent upon many factors, including the filter material properties (e.g., pore size, surface area and depth of filter). Oil is pumped through passageways to the various components of the engine such as the cam, main bearings, rod, pistons, etc. Gravity then pulls the oil back down to the bottom of the motor to drain back into the sump, and the cycle repeats. (780)

2.

Lubrication is the process, or technique used to reduce wear of one or both surfaces in close contact, and moving relative to each other, by using a lubricant between the surfaces to carry the load (generated pressure) between the opposing surfaces. The lubricant film must be introduced between the surfaces. It can be a solid, a liquid, a liquid dispersion, or a grease).

Typically, lubricants contain 90% base oil (usually mineral oils) and less than 10% additives. Vegetable oils or synthetic liquids are sometimes used as base oils. Additives deliver reduced friction and wear, increased viscosity, resistance to corrosion and oxidation, aging or contamination, etc.

Good lubrication provides smooth continuous operation of equipment. When lubrication breaks off, metal or other components can rub destructively over each other, causing destructive damage, heat, and failure.  (880)

3.

What is remanufacturing?

"A series of manufacturing steps acting on an end-of-life part or product in order to return it to like-new or better performance."
Remanufacturing & Reuse

Reuse includes a range of activities where whole products (or whole parts of products) are used again in one piece. This includes:

· Straight reuse (probably by someone else!), possibly in a different way.

· Refurbishment – cleaning, recoating, lubricating or other improvement.

· Repair – rectifying a fault.

· Redeployment & cannibalization – using working parts elsewhere.

Remanufacturing is the only option that requires a full treatment process – like new manufacture – to guarantee the performance of the finished object.  As such, it necessarily involves more effort, time and cost – but you do get the quality guarantee. (800)
4.

The 3 R’s

The [English] terms “retrofit”, “rebuild” and “remanufacture” have different meanings. A machine tool retrofit entails all things electronic: the controls, motors, drives and magnetic components. The retrofit process brings everything up to current standards. A rebuild includes all things mechanical, such as the ways, spindles and thrust bearings, engines or boilers.

A remanufacture is a combination of the two, including some engineering upgrades. The spindle might be redesigned or a new tool changer might be installed. At a minimum, the machine is going to be better than when it was new.

Whether the work performed makes a machine like new or better, such a transformation doesn’t happen overnight. A retrofit might take 3 to 6 weeks, a rebuild 10 to 12 weeks and remanufacture 4 to 6 months.

Remanufacturing brings new and improved life to old and tired equipment.

5.

The primary goal of maintenance is to avoid or reduce the consequences of failure of mechanical equipment. This may be by preventing the failure before it actually occurs which Planned Maintenance and Preventive Maintenance help to achieve. 

Planned Maintenance is a scheduled service visit carried out by a competent and suitable person, to ensure that an item of equipment is operating correctly and to avoid any unscheduled breakdown and downtime. Planned M preserves and restores equipment reliability by replacing worn components before they actually fail.

Preventive maintenance activities include partial or complete overhauls at specified periods, oil changes, lubrication and so on. In addition, workers can record equipment deterioration so they know to replace or repair worn parts before they cause system failure. The ideal preventive maintenance program would prevent all equipment failure before it occurs. (900)
6.

Condition-based maintenance is maintenance when need arises. This maintenance is performed after one or more indicators show that equipment is going to fail or that equipment performance is deteriorating.

Condition-based maintenance was introduced to try to maintain the correct equipment at the right time. Observing the state of the system is known as condition monitoring. Such a system will determine the equipment's health, and act only when maintenance is actually necessary. Developments in recent years have allowed extensive instrumentation of equipment, and together with better tools for analyzing condition data, the maintenance personnel of today are more than ever able to decide when the right time comes to perform maintenance on some piece of equipment. Ideally, condition-based maintenance will allow the maintenance personnel to do only the right things, minimizing spare parts cost, system downtime and time spent on maintenance. (950)
7.

Together with Condition Based Maintenance, Planned maintenance comprises preventive maintenance, in which the maintenance event is preplanned, and all future maintenance is preprogrammed. Planned maintenance is created for every item separately according to manufacturers recommendation or legislation. Plan can be based on equipment running hours, date based, or for vehicles distance travelled. A good example of a planned maintenance program is car maintenance, where time and distance determine fluid change requirements. A good example of Condition Based Maintenance is the oil pressure warning light that provides notification that you should stop the vehicle because failure will occur because engine lubrication has stopped. (700)

8.

Modernization projects of Achenbach Company range from small retrofits consisting of system or component upgrades to full-scale modernization (including systems built by other manufacturers) and complex modernization of complete production facilities. Modernization and upgrades of slitting machines (for longitudinal cutting) and winding machines to special modern standards are also offered. The first requirement of the Company is a clearly defined objective upon which a custom concept can be designed and implemented.

The success of a modernization project ultimately depends on the experience of the modernizer and its advanced technology. Achenbach has both. Modernization projects combine thorough analysis of the equipment condition, use of methods for improving automatic industrial processes often reducing manpower, change of mechanical and drive components as part of an integrated technology approach. (900) 
9.

The study of metal alloys is a significant part of materials science. Of all the metallic alloys in use today, the alloys of iron (steel, stainless steel, cast iron, tool steel, alloy steels) make up the largest proportion both by quantity and commercial value. Iron alloyed with various proportions of carbon gives low, mid and high carbon steels. An iron carbon alloy is only considered steel if the carbon level is between 0.01% and 2.00%. For the steels, hardness and tensile strength of the steel is related to the amount of carbon present, with increasing carbon levels also leading to lower ductility and toughness. Heat treatment processes such as quenching and tempering can significantly change these properties however. Cast Iron is defined as an iron–carbon alloy with more than 2.00% but less than 6.67% carbon. Stainless steel is defined as a regular steel alloy with greater than 10% by weight alloying content of Chromium. Nickel and Molybdenum are typically also found in stainless steels. (1000)

WEEK 14
Module 2 TEST
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