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PART I                    TRAINING AND MAINTENANCE

1. Work in pairs. Read the dialogue. You are a trainee mechanic (T). A trainer (M) is giving you instructions.

  M:  OK, the first thing you have to do is to bring the new wheel right up to the car. OK?

T:   Yeah. 
I’ll
get
it
 now.

M:  Good. Now, the air pressure in the tyre is probably wrong, so you need to adjust it. OK? Check the pressure, then either let some air out or pump some more air in.

T:   Got it. Right, I’ve done it.

M:  Good. Now before you start lifting up the car, you must loosen the wheel nuts a bit, so get your wheel gun and loosen the nuts.

... Done that?

T:   Yeah, done it.

M: Right, now you’re going to use the jack (домкрат), so first of all put the jack under the front of the car. OK?

T:   Yeah.

M:  And then raise the front of the car carefully. Have you done that?

T:   Yeah.

M:  Right, so now take the wheel off and put it down next to you on the ground.

T:  Yeah.
I’ve done that.

M:  Good. Now get the new wheel, pick it up and put it on the car. Have you done that?

  T: Yes.
  M: Right. Now pick up your wheel gun again and tighten up the wheel nuts. ...
T: Aha. That’s done.

M: Good. Now lower the car ... and take the jack away.

T: Done it.

M: And of course finish off by taking the old wheel away. Just roll it away and put it over there.

T: OK.

2. Cover the dialogue and write numbers 1-10 to show the correct order of     

     instructions.
	a
	Tighten the wheel nuts.
	
	f
	Adjust the air pressure in
	      

	b
	Raise the car with the
	
	
	the tyre.
	

	
	jack.
	
	g
	Bring the new wheel out.
	

	c
	Loosen the wheel nuts.
	
	h
	Put the new wheel on.
	

	d
	Take the old wheel off.
	
	i

j

j
	Put the jack under the car.
	

	e
	Take the old wheel
	
	
	 Lower the car and take the
	

	
	away.
	
	
	jack away.
	


3.  Put these steps for changing a tyre in the right order.
Start like this: The first step is to put the vehicle into gear or park (e). Then you ...
                     1 e 2 __ 3 __ 4 __ 5 __ 6 __ 7 __ 8 __ 9 __ 10 __
	  a
	Remove the old tyre from under the vehicle and lower the

	 A    a
	vehicle.

	  b
	Take the spare tyre out of the boot and make sure it is in good

	
	condition.

	c
	Check again to make sure the wheel nuts are tight.

	d
	Remove the tyre and put it under the vehicle, next to the jack.

	e
	Put the vehicle into gear (manual transmission) or park

	
	(automatic).

	f
	Use a jack to raise the vehicle.



	g
	  Fit the spare tyre and tighten the wheel nuts.

	h
	Find two rocks or large pieces of wood and put them in front of and 

	
	behind the opposite wheel.

behind the opposite wheel.



	i
	Loosen the wheel nuts slightly.

	j


	 Loosen the wheel nuts more and remove them.


	
	

	
	

	
	

	
	


	Grammar

	Imperative
	
	

	Take the tyres off.

Сними покрышки.
	I’m  taking  the  tyres

off  now.  Я сейчас

снимаю колеса.
	I’ve  taken  the  tyres
off.

Я снял покрышки.

	Take off the tyres.
	I’m  taking  off the
tyres now.
	I’ve taken  off the
tyres.

	Take them off.
	I’m taking them off.
	I’ve taken them off.

	Not: Take off them
	Not:  I’m  taking  off
them
	Not:  I’ve  taken  off
them


4. Work in pairs. Read the following instructions and respond to them quickly.    

    Confirm (a) what you are doing and then (b) what you have done.
Example:   - Bring out the new tyres.
                  - Right. I’m bringing them out now. (You are doing now - a) OK, I’ve      

                    brought them out. (You have done - b)
	 1.
	Bring out the new tyres.

	2.
	Lift up the front of the car.

	3.
	Take off the two wheels.

	4.
	Put on the new wheels.

	5.
	Take away the old wheels.

	6.
	Pump in the petrol.

	7.
	Switch off all the electrical systems.

	8.
	Turn on the emergency power source.
Ю

Ю


5. Work in pairs. Make dialogues between a supervisor (S) and a trainee (T) from the checklists (список, перечень).Use the following phrases to gain more time: Just a minute. Nearly finished. Almost done.

Example: 

 S: How are you getting on?

T: I’ve put the new tyres on. I’m still tightening the wheel nuts. It’s almost done.

S: OK, good. Have you adjusted the air pressure yet?

T: No, I haven't done that yet. I’ll do it next.

	1
	 put new tyres on
 tighten wheel nuts
 adjust air pressure
	done
in progress 
not yet done

	   2
	 take cover off
 repair computer
 take out damaged chip
	done
in progress 
not yet done

	3
	 replace burnt wire
 switch on power
 check other wires
	done
in progress 
not yet done

	4
	 switch off electricity
 test all circuits
 find any faults
	done
in progress
not yet done

	5
	 trip off old paint
 plaster holes in wall
 buy new paint
	done
in progress 
not yet done

	   6  
	 take apart telephone
 put it together again
 test it
	done
in progress
not yet done



Yet is used with present perfect questions and negatives to

emphasise the period of time up to now.

e.g. Has Bill finished that job yet? (Билл уже закончил эту работу?)
The speaker wanted or expected Bill to finish the job before now.

e.g. John hasn’t cleaned the car yet. (Джон еще не вымыл автомобиль).The speaker wanted or expected John to clean the car before now.
6.  Work in small groups. Choose one of these car jobs. With your group, make a set of instructions for your job using from the box below.

Changing a wheel.     Cleaning a spark plug.      Checking the oil level.
 How to ...

change a wheel; clean a spark plug; check the oil level.
	Put the oil filler cap on.             

Clean the spark plug.

Take out the dipstick.

Clean the oil off the dipstick. 

Take off the spark plug cover.

Lift up the car.

Take out the dipstick again. 

 Loosen the spark plug.

Check the oil level.

Lower the car.

Loosen the wheel nuts.

Place a jack under the car. 

Tighten the wheel nuts.

Take off the oil filler cap.

Put back the dipstick.
	Switch off the engine.

Replace the spark plug in the socket.

Add some oil (if necessary). 

Tighten the oil filler cap.

Put the new wheel on.

Remove the spark plug from the socket.

Take away the jack.

Put on the wheel nuts.

Tighten the spark plug.

Replace the spark plug cover. Take off the wheel nuts.

Take off the old wheel.




  7.  Complete this dialogue.

1.A: Have you switched off the engine yet? (switch  off)

B: No, not yet. I’m switching it of now.

2.A: Has she
the jack yet? (bring out)
   B: No, she hasn’t. Look, she’s
now.

3.A: Has he_
the wheel nuts yet? (take off)
   B: No, not yet. I think he’s
at the moment.

4.A: Have you
the new wheels yet? (put on)
   B: Hold on. I’m
right now.

5.A: Have the mechanics 
the jacks yet? (take away)
   B: Not yet, but I think they’re
now.

6.A: Has Bill_
the spark plugs yet? (put back)
   B: I don’t think so. I think he’s
now.

8. Complete this progress report by the car mechanic to his supervisor

	Supervisor
	Have you checked the tyres yet?

	Mechanic
	Yes, we (1) checked (check) all the tyres first thing this morning, and we (2)        (find) that the road OS tyre was worn. So we (3)       (replace) it.

	Supervisor
	What about the tyre pressures? Have you adjusted them yet?

	Mechanic
	Yes, we (4)         (adjust) them when we (5) 
 (put) the tyres on. Then, at about ten this

	
	 morning, we (6)           (examine) the fuel system.

	
	We (7)         (take) it apart and (8)       (unblock)

	
	the fuel pipe.

	Supervisor
	Good. Have you repaired the damaged paintwork on the door?

	Mechanic
	Yes, we (9)      (strip) off the damaged paint just before lunch, and then straight after lunch, we           (10)
(clean) the door, (11)         (repair) it

	
	and (12)         (repaint) it.

	Supervisor
	Good. Now what about the air conditioner? Have you checked it?

	Mechanic
	Yes, we checked it at about three this afternoon. Then
we (13) 
 (pump) some new fluid into the air
conditioning system.

	Supervisor
	What about the oil leak under the car? Have you had time to look at that yet?

	Mechanic
	Yes, we (14)          (do) that about an hour ago.


	Grammar

We often use the passive voice to describe a process. It is formed using the verb to be and the past participle (V3/ed) of the verb.
                     Subject
Object
Active: The workers assemble the car parts at the plant.
Рабочие собирают детали автомобиля на заводе.
Passive: The car parts are assembled by the workers.
                 Детали автомобиля собирают рабочие.


9. Change this set of instructions into a description of a process, using the passive and the following words:
finally • first • next • now • then

Begin: First the engine is run for a few minutes. Then it is switched off. Now the ...

How to change the oil in a car

	1. Run the engine for a few minutes.
	5. Put the oil drain plug on.

	2. Switch off the engine.
	6. Take off the oil filler cap.

	3. Take off the oil drain plug.
	7. Pour in the new oil.

	4. Empty the old oil into a container.
	8. Put the oil filler cap back on.


10. Rewrite this set of instructions as a paragraph describing a process. Use the passive form of the verbs.

Begin: First the bonnet of the car is opened and the battery is located. Then...
Servicing a car battery

1.  Open the bonnet of the car. Locate the battery.

2.  Loosen the battery cables, using a wrench. Remove the battery

     cables from the posts.

 3.  Always remove the negative (or earth) cable first, then the positive.

 4.  Carefully lay the detached ends of the cables to one side.

5.  Wipe away corrosion from the top of the battery, using baking

       soda and water.

 6.   If corrosion is very heavy, you can clean it from the posts using a wire     

         brush.

 7.   Apply petroleum jelly to the inside of the terminals and the posts.

 8.   Reattach the cables. Close the car bonnet.

11.  Read the text and answer the questions below.

Notice singulars, plurals, and hyphens (-)

Example: at 3000-km intervals = at 3000-kilometre intervals, every 3000 km = every 3000 kilometres

Change the oil and filter and lubricate moving parts every six months, or at 6000-mile intervals, whichever is the sooner. Service the battery after 54 months or 54,000 miles, whichever is the sooner. The brakes should be inspected and serviced (if necessary) at three-month intervals or every 3000 miles, whichever is the sooner.

1. A car has done 54,000 miles but only 50 months. Should the battery be serviced now?

2. A car has done 30 months, and 28,256 miles. The driver has inspected the brakes nine times. The last time was three months ago. Should the brakes be inspected again now?

PART II                                          MANUFACTURE
           
UNIT I                                                 DESIGN

1. Say whether you agree or disagree with the statements below (or are not sure). 

	Design factors
	Agree
	Disagree
	Not sure

	Design is the most important feature of a car.
	

	
	

	The colour of the car doesn't matter.
	
	
	

	Most cars look pretty much the same.
	
	
	

	The drag coefficient* has no effect on the design of a car.
	
	
	

	As long as the interior looks good, the ergonomics don't matter.
the ergonomics don't matter.
e ergonomics don't matter.
	
	
	

	Every car from the same brand should look like part of a family.
	
	
	


*коэффициент лобового сопротивления

2. Read the adjectives used to describe cars and translate them with the help of a dictionary, if necessary. 

           charming • unconventional • muscular • sleek • distinctive • unique •

	stylish •
	striking • contemporary • bold • sporty • spacious


3 A. Read the description of a car paying attention to the adjectives. Try to guess the model of the car: Audi TT, PT Cruiser, Beetle.
Its design is a blend of retro and contemporary. It has a sleek, distinctive appearance, with unique proportions and a surprisingly spacious interior. The side profile is muscular and aggressive, and gives the whole vehicle a feeling of motion and direction.

 3B. Now use the words from above to write a short description of your own car or the car you like best.

4. Read the presentation by a car designer and put the six extracts in the correct order.

                        1 c ;  2 __ ;  3 __  ;  4  __  ;  5 __ ;  6  __  ;
A. In the concept phase we also produce a clay model, which has a ratio of 1:14. If it is approved, a 1:1 model is made and presented to a concept clinic*. If there are no knock-out factors, the concept goes to a product clinic so that marketing factors can be finalized.

B. First of all, product planning, marketing, and design come together. Product planning asks “What could it be?”, marketing asks “Who is it for?”, and design asks “What does it look like?” I should maybe mention at this point that many cars are not really new, but are successors to, or derivatives of, existing models. The design of earlier models naturally needs to be taken into account.

C.  We’ll start by taking you through the stages of the design process. There are five phases, which take about three years in total.

D. After the concept phase comes serious development. The final stage is specified. Several prototypes are handmade and tested in various climatic conditions and on different road surfaces.

E. After that is the pre-series phase where the production process and components from suppliers are tried out. A final marketing clinic is carried out, and confirm price and market positioning. Then, if everything runs smoothly, there is a design and change freeze. The final phase is series production.

F. Secondly, we have the concept phase where even more people are involved. We need to know what technology will be developed or adapted, which production plant and production processes are necessary, and, finally, financial details such as volume and production costs.

· a group or centre that offers advice or instruction (chiefly in the USA, Canada)

5. Are these sentences about presentation true (T) or false (F)?

1. The process of designing a car generally takes three years.
2. Styling only comes into process when other important decisions have been made.

3. It is necessary to know quite early on in the process which production plant will be used.
4. The number of cars which will be built has no effect on the cost of the final product.

5.  The car goes to a product clinic before it goes to a concept clinic.

6.  Match the design vocabulary with the definitions.

	1

2

3
4

5

6

7
	successor

derivative

concept car

predecessor

design freeze

prototypes

pre-series cars
	a

b

c

d

e

f

g
	the last model

limited  number  of  handmade  cars    with  the

necessary equipment and technology inside

the next model

a limited number of cars built on an assembly

line to test tooling and parts

a variation of the basic model

the  stage  where  no  more  design  changes  are

possible
a car built to show people what future car will

look like (it may have no technology inside)


7 A. Complete the table using the words from 4 and 5.

	Verb
	Noun

	to              (a)
	adaptation

	to              (b)
	approval

	to assemble
	                           (c)

	to conceive
	                           (d)

	to               (e)
	design

	to develop
	                           (f)

	to produce
	                           (g)

	to               (h)
	specification


7 B. Complete the sentences with words from the table in 7 A.

1. It won’t be necessary to develop new technology for this model. We

   can
what we already have.

2. We need 
 from the Board of Directors if we want to

    continue with this project.

3. Only models are produced in the
clinic, not “real” cars.

  4. The location of the
plant has an impact on the pricing of the

     cars.

  5. It is necessary to
the final design before the prototype is

     made.

  6. Marketing factors, e.g. target group and market share, are finalized

    after a
clinic.

UNIT II
                          MATERIALS

1. Which materials are most used in manufacturing a car? Read the presentation by a car manufacturer. 

zink, lead, and copper • steel • rubber • iron • glass • aluminium

· plastics • fluids and lubricants • other

The average car is made of a large number of different materials. Steel makes up by far the single largest percentage of materials, accounting for 55% of the car materials by weight. Then comes iron, with 13%. Plastics make up 10% of the car, although this percentage is naturally increasing all the time as car makers try to make vehicles lighter.

  Aluminium accounts for 5% of the materials, although some cars contain much more. Some manufacturers are switching
 from steel to aluminium to save weight, because aliminium’s so light. And new alloys mean that aluminium is now about as rigid as steel. Another advantage is that it’s corrosion-resistant. It’s going to be interesting to see if the popularity of aluminium continues to increase in the future.

Rubber accounts for 5% of the weight, and fluids and lubricants make up 4%. Zink, lead, and copper together accounts for 3%, and glass makes up 2%. All the other materials, including things like fabrics and ceramics, make up the final 3% together.

1st __________________

2nd __________________ 

3rd __________________

4th ___________________ 

5th ___________________ 

6th ___________________ 

7th

8th __________________ 

9th __________________   

2. What car parts are made of what material?

	Material
	Car part(s)
	Material
	Car part(s)

	aluminium
	
	rubber
	

	foam
	
	sheet metal
	

	glass
	
	steel
	

	leather
	
	textile
	

	magnesium
	
	wood
	

	plastic
	
	
	


3. Complete the sentences about materials and their properties with words 

shatterproof • light • corrosion-resistant • durable • elastic • natural • rigid • flammable • malleable • heat-resistant

	
	  Wood is very often used in interiors because it looks  and                                                                warm.

	  1

  2
	warm.

Aluminium and magnesium are important for car makers because they are      and therefore good for weight-saving.
Safety regulations require that the foam used in car seats shouldn't be   .
Rubber should be able to withstand great temperature differences
while staying 
 . In other words, it shouldn't become brittle.

	  3
	

	4
	

	5
	Windscreens are made of a special 
 glass to protect
drivers in accidents.

	   6
	Fabrics used in cars need to be      and not look old too quickly.

	7
	Steel is used for load-bearing parts because it is 
 .
Sheet metal is used for large car parts because it is       and dent-resistant.

	   8
	

	9
	Ceramic, which is        , is used in the catalytic converter because of the very high temperatures.

	10
	Aluminium is ideal for bumpers and other body parts because it is      .


4. Work in groups of three to do a meeting role-play. You have to decide whether the tailgate (задняя дверь) of a new car should be made of steel or plastic. Try to reach a decision by the end of the meeting.

Partner A: a controller (File 1)
Partner B: a member of the technical department (File 2)

Partner C: a member of the production department (File 3)
5. Read the article and answer the questions which follow.
                Aluminium - the car maker’s metal of the year?

With the launch of the A2, Audi AG introduced the first vehicle in the world to have a volume-built all-aluminium body. In 1996, series production of the A8 began. The A8 is the luxury limousine made of aluminium. The car combines high strength with low weight. At only 1,690 kilos, the A8 3.2 is the lightest car in the luxury class.
Other car makers are also starting to take aluminium seriously. As engines sizes have increased, cars have become more top-heavy (неустойчивый). Using aluminium for the bonnet and front wings helps to get a better weight distribution between front and rear axles. Another advantage of aluminium is that it is cheaper to recycle than steel. This will be an important consideration in the future when the EU introduces tougher recycling regulations.

But there are drawbacks to using aluminium. Replacing steel with aluminium is expensive; an aluminium body costs twice as much as a steel one. Not only are aluminium production processes expensive, they are also difficult to implement. Because aluminium is more brittle and tears more easily than steel, it can only be formed when it is in an unhardened state. Furthermore, the aluminium used for outer parts of the car, such as the wings and the doors, needs to be thicker than steel because it doesn’t have the same stiffness. The dent- resistance (сопротивление / прочность к вмятинам) of aluminium is also less than that of steel.

On the plus side, aluminium doesn’t rust like steel, and in car crashes it has a higher energy absorbtion rate, which increases the car‘s active safety.

1. What are the advantages and disadvantages of using aluminium?

2. What kind of car materials do you think will be used in the future?

3. What are the EU’s recycling targets for 2015? Do you think car makers will have trouble reaching them?

UNIT III
ASSEMBLING
Grammar

to + verb is used to talk or write about the purpose of an action

Why do you paint the car body? To protect it from rust.

Зачем вы красите кузов автомобиля? Чтобы защитить / Для защиты от ржавчины.

The car body is painted to protect it from rust.

Кузов автомобиля красят для того, чтобы защитить его / для защиты от ржавчины.
1. Read the text about assembling a car.

First, the parts are delivered by truck or rail to the delivery area of the car assembly plant. From here, some parts are taken to the body shop, and other parts are transported to the chassis line. The parts are carried around the plant by forklift (автопогрузчик с вилочным захватом) trucks or conveyor belts.

In the body shop, the panels are welded to the frame to form the body of the car. This is done by more than 400 robots.

Then the body is taken to the paint shop. Here it is cleaned and painted by robots. After this, the body is checked by human workers to look for faults.

Next, the painted body moves along a conveyor belt to the trim line (внутренняя отделка) and many parts are added to it. For example, the instrument panel, the air conditioning system, the heating system and the electrical wiring are all installed here. The windscreen is inserted by robots using laser guides.

Meanwhile, in the chassis line, components are added to the chassis. First, the chassis is turned upside down, to make the work easier. Then the fuel system, the transmission, the suspension, the exhaust system, the axles and the drive shaft are all installed. Next the chassis is turned over (rightside up). The engine is lowered into the chassis and connected to it.

Now the chassis and the body move simultaneously to the final assembly line. Here the body is attached to the chassis, and all the final parts are added. The tyres and the radiator are added here. The hoses are connected, and the radiator and air conditioner are filled with fluid. The car’s central computer is also installed here.

Lastly, the finished car and all electrical systems are tested. The car is filled with fuel and the engine is started for the first time. The car is put on special rollers to test the engine and the wheels. If it passes the test, the car is finally driven out of the assembly plant.

2. Match actions with their purposes. Refer to the text in 1.

	
	                    action
	
	       purpose of action

	  1
	workers weld thin metal sheets to a frame
	a
	to check the movement of the wheels

	  2
	they turn the chassis upside down
	b
	to make the car body

	3
	the robots wear special clothes
	c
	to inspect it for faults in the paint

	4
	they turn the chassis right side up
	d
	to protect the wet paint from dust

	5
	workers put the finished car on rollers
	e
	to install the fuel system easily

	  6
	workers check the car body by hand
	f
	to lower the engine into it


3. In pairs, ask and answer the questions in 2. Use the passive form in the question.

A: Why are thin metal sheets welded to a frame?

B: To make the car body.

Grammar

We use a passive sentence: a) when we are interested in who or what does the action; b) when the person or thing who does the action is not important or not known. Form: be + past participle (V3/ed)

SUBJECT
OBJECT

Active: The workers weld thin metal sheets to a frame.

The object of active sentences becomes the subject of passive sentences.

SUBJECT

Passive: Thin metal sheets are welded to a frame.

4. Ask questions to get these answers. Refer to the text in 1.

1.They’re delivered by truck or rail.

2.They’re welded together in the body shop.

3.They’re carried by forklift trucks or conveyor belts.

4.To look for faults in the paint.

5.It’s done by human workers.

6.It’s done using laser guides.

5. Ask and answer questions about a car assembly plant.

Example: 1 a) How are the car parts delivered? They are delivered by truck or rail.

                   b) Where are they delivered? To the delivery area.

	
	Action
	Purpose, method, agent, time, location, destination

	
	deliver car parts
	a
	method: truck or rail

	  1
	
	b
	destination: delivery area

	
	carry parts
	a
	destination: different parts of plant

	  2
	
	b
	method: forklift truck or conveyor

	
	
	
	belts

	3
	weld
	a
	location: body shop

	
	
	b
	agent: 400 robots

	
	
	c
	purpose: make the body of car

	4
	check the car body
	a
	time: after painting

	
	
	b
	agent: human workers

	
	
	c
	purpose: look for faults in the paint

	5
	insert windscreen
	a
	destination: front of car body

	
	
	b
	agent: robots

	
	
	c
	method: laser guides

	
	move chassis and
	a
	destination: final assembly line

	  6
	body simultaneously
	b
	purpose: attach body to chassis


6. Write full sentences using the passive.

UNIT IV
      CRASH
TESTS

1 A. Read the article and answer the questions which follow.

Two different crash tests dummies (манекен) are used in standard European vehicle crash tests. The first dummy is used for front impact crashes, and the second one is a side impact crash dummy. The dummies, which are made of steel, aluminium and rubber, contain many sensors.
Three types of sensing equipment are used: acceleration sensors, load sensors and motion sensors. The dummy heads contain three accelerometers (single direction acceleration sensors) which are set at right angles (forward-backward, up-down, and left-right). The dummy necks contain load sensors to detect the bending forces, shear (сдвиг, деформация) forces, and tension forces, which put pressure on the neck in a crash. The dummy legs contain load sensors, which measure the bending, shear, compression and tension forces on the leg.

In addition, a front impact crash test dummy has steel ribs fitted with motion sensors which record front rib movement. A side impact dummy has motion sensors which record front rib movement. A side impact dummy has motion sensors which record side chest deflection (or inward movement), and load sensors to measure compression forces on the chest.

1. What types of crash test are analysed in the text?

2. Where are the sensors located?

3. What do they detect or measure?

1 B. Complete the statements and check whether you are right or wrong. Choose the words: acceleration, load, motion.
Three types of sensors are used in crash test dummies:

1.
               sensors measure deflection (inward movement) of a body

part during a crash.

2. sensors measure how much a body part increases or

decreases speed during a crash.

3. sensors measure the force or pressure on different body

parts during crash.
Noun+noun combinations are very common in technical English. 

E. g.: acceleration sensor (= sensors which measure acceleration); vehicle crash tests (= tests which crash a vehicle to measure its safety); a side impact crash dummy (= a dummy which measure the impact from the side in a crash.
2. Find phrases in the article 1A. which mean the same as these. All the words in phrases must be nouns.

1. Forces which pull something apart.
2. Sensors which detect movement or motion.
3. Deflection of the side of the chest

4. Crashes which are caused by an impact from the front.
5. A dummy which is used for testing the impact of a crash from the front.
3A. Expand these phrases. You can change words and add information.

1. a gas flow meter = a meter which measures/for measuring the flow of gas (along a pipe)

2. an engine speed dial =


3. a tyre pressure gauge =


4. an air pressure sensor =


5. a fuel intake port =


3 B. Make full sentence definitions from 3 A.

         Example: A gas flow meter is a meter which measures the flow of gas along the pipe.

4. Read and translate the text about different types of crash tests. Use your dictionaries.

A crash test is a form of destructive testing usually performed in order to ensure safe design standards in crashworthiness* and crash compatibility** for various modes of transportation or related systems and components.

Types:

Frontal-impact tests: These are usually impacts upon a solid concrete wall at a specified speed, but can also be vehicle-vehicle tests.

Offset tests: in which only part of the front of the car impacts with a barrier (vehicle). These are important, as impact forces (approximately) remain the same as with a frontal impact test, but a smaller fraction of the car is required to absorb all of the force. These tests are often realized by cars turning into oncoming traffic.

Side-impact tests: these forms of accidents have a very significant likelihood of fatality, as cars do not have a significant crumple zone to absorb the impact forces before an occupant is injured.

Roll-over tests: these test a car's ability, specifically the pillars holding the roof, to support itself in a dynamic impact. More recently dynamic rollover tests have been proposed as opposed to static crash testing.

Roadside hardware crash tests: are used to ensure crash barriers and crash cushions will protect vehicle occupants from roadside hazards, and also to ensure that guard rails, sign posts, light poles and similar equipment do not pose an undue (непомерный) hazard to vehicle occupants.

Old versus new: Often an old and big car against a small and new car, or two different generations of the same car model. These tests are performed to show the advancements in crashworthiness.

        Computer model: Because of the cost of full-scale crash tests, engineers often run many simulated crash tests using computer models to refine their vehicle or barrier designs before conducting live tests.

  *crashworthiness - стойкость (конструкции) к ударным нагрузкам  

**crash compatibility– совместимость с ударными нагрузками
UNIT V             THE CAR YOU WOULD LIKE TO OWN

1. Choose two of the three cars and make comparisons between them.

Grammar

The VW Passat is cheaper / bigger than the Audi A4. (big ^bigger)

A Mercedes is heavier than a smart. (heavy y→ier)

My new car is more economical than the old one.

To change the comparative into the superlative form, change - er to - est, more to most and less to least, e.g. longest, widest, noisiest, most expensive, least noisy. 

the is used in front of the superlative, e.g. the fastest car in the world. There are five irregular superlatives: best, worst, farthest/furthest, most and least.

Car l: the Audi TT 2.0T FS

Fuel tank capacity -   55 L

Engine size    -          1,984 cc

Top speed      -         149 mph
Acceleration -        0 to 62 mph: 6.6 sec.

Fuel consumption - 36.7 mpg

CO2 emission - 183 g/km

Car 2: the BMW Z4 2.0i SE Roadster

Fuel tank capacity - 55 L

Engine size - 1,998 cc
Top speed - 137 mph
Acceleration - 0 to 62 mph: 8.2 sec.
Fuel consumption - 37.7 mpg

CO2 emission - 181 g/km

Car 3: the Saab 93 convertible 1.8t 150bhp

Fuel tank capacity - 62 L

Engine size - 1,998 cc

Top speed - 127 mph

Acceleration - 0 to 60 mph: 11.0 sec.

Fuel consumption - 37.2 mpg

CO2 emission - 233 g/km

2. Compare all three cars using the expressions in the box. Say which one you like best, and why.

                      Talking about advantages and disadvantages
	One great advantage is ...
	A major drawback/disadvantage is ...

	I think the ... feature is a big plus point
	I can see problems with the ...

	One point in favour of the ... is ...             
	The downside is…


3. Complete the text.

       Which is the better fuel for a car? Is it petrol or diesel? Petrol is (1) more common (common) because it makes a car go (2) faster (fast) than diesel. It’s also much (3) less noisy (noisy) than diesel. Diesel usually costs less than petrol, and you can travel for more kilometres per litre, because diesel has about 10% more energy per litre than petrol. But diesel engines are (4)     (noisy) and (5)
 (heavy) than petrol ones, although they last longer. From an environmental point of view, diesel oil is (6)      (good) than petrol, because the exhaust from diesel engines produces less pollution. It’s also (7)      (safe). Because diesel is (8)      (combustible) than petrol, it’s less likely to catch fire in an accident. 
       A newer fuel, LPG (Liquid Petroleum Gas), makes cars go as fast as petrol, but produces less energy per litre. However, LPG is becoming very popular in some countries because it’s the (9)     (harmful) to the environment compared with diesel or petrol. Of the three types of fuel (LPG, petrol and diesel), cars that use LPG emit the (10)       (small) amount of pollution from their exhaust. LPG is also the (11)     (clean) fuel when you’re filling the car, because the gas is completely sealed. There are two more strengths of LPG: it’s the (12)       (quiet) fuel, and the (13)       

          (expensive) of the three. LPG engines are about the same weight as petrol ones, but they’re much (14)      (durable).
4. Complete the sentences with the correct form of adjectives.

comfortable • fast • expensive • heavy • noisy • powerful • safe • spacious •fast • safe

1. The Audi TT has a top speed of 250 mph. It is much
 than

Fiat Panda.

2. Rolls-Royce makes some of the
cars in the world.

3. All new cars now have airbags so they are
than cars were

years ago.

4. A diesel engine is still
than a petrol engine, even though

they are much quieter than they used to be.

5. Volvos have the reputation of being some of the
cars on the

market.

6. The interior of a Bentley is
and luxurious than a BMW 7-

series. There is even room for a mini bar.

7. The Porsche Cayenne weighs two and a half tonnes. It is


than the BMW X5.

8. The Lamborghini Diablo is one of the
 cars in the world.

9. A car engine with twelve cylinders is
than one with six

cylinders.

10. These leather seats are the
 seats I’ve ever sat in!

6 A. Work in small groups. Complete the table below with details 

about your own car. Then ask other students in your group about 

their cars and complete  the table.  Compare the three cars using 

the expressions from the box below.
	
	   Your car

	 First partner’s car
	Second partner’s car

	Acceleration 
0-60 mph
	
	
	

	Top speed
	
	
	

	Fuel
consumption
	
	
	

	Engine type, size
	
	
	

	Maximum
power
	
	
	

	Price
	
	
	


6 B. Compare the three cars using the expressions from the box below.

	Approximating

	It’s about / approximately ... 
I think it’s ...
It’s roughly ...
	I would guess it’s ...
It must be at least...
I don’t know exactly but...


7. Work in small groups. Have a meeting to discuss this problem and agree on the best solution.

You and the other members of your group work on an oil rig (нефтяная вышка) in a desert. The rig is about 130 km from the nearest town. The town has a small airport. There is no road between the town and the rig, and an aircraft cannot land at the rig. Between the town and the rig the land is sandy and rocky, with some hills. Your team needs to transport small teams

of three to eight engineers and to tow a trailer with heavy drilling equipment between the airport and the rig. Your team wants to buy a 4x4 with the following features:

	• long wheelbase
	• large fuel tank

	• high clearance
	• towing* power (able to pull other

	• powerful engine
	vehicles)

	• space for up to 8 passengers
	• high cab (to allow driver to see

	• low fuel consumption
	easily)

	
	• low price

	
	*буксировка

	Student A: File 4 
	

	Student B: File 5 
	

	Student C: File 6 
	


8. Read the announcement. Which vehicles can board the ferry? What are the 

vehicle types (large car, standard car, etc.)?

Super Ferries is a cars-only service:
we do not take coaches or lorries.

WEGHT AND DIMENSION LIMITS FOR ALL VEHICLES

1. Vehicles must not be heavier than 3.5 tons. They must not be wider than 2.0 m, longer than 7.0 or higher than 2.9 m.

2. STANDARD CAR: A “standard car” must not be longer than 5.0 m, wider than 2.0 m or higher than 1.85 m. It must carry a maximum of five passengers. If it carries more than five persons, it becomes a ‘large car’.

3. LARGE CAR: A “large car” must not be longer than 7.0 m, wider than 2.0 m or higher than 2.9 m. It must carry no more than nine passengers.

4. HIGH CAR: A “high car” must not be higher than 2.9 m, longer than 5.0 m or wider than 2.0 m. It must carry a maximum of five passengers. This vehicle type allows passengers to put extra luggage on the roof of their cars, within the limits.

5. CAR AND TRAILER:A car and trailer must not be longer than 7.0 m, higher than 2.9 m or wider than 2.0 m. It must carry no more than nine passengers over the age of three.

9. A customer wants to drive his car with the bike on the roof onto 

a  car  ferry.  Complete  the  dialogue  and  find  out  whether  the 

customer has an opportunity to board the ferry or not.
Student A: You want to drive your car with the bike on the roof onto a car ferry. Answer the questions of the salesperson of the ferry company about dimensions of your van using File 7  
Student B: You are a salesperson of the ferry company. Ask the customer about dimensions of his van and comment them.

S: How (1)
?

C: It’s just under (2)
metres wide.

S: OK, that’s fine. The vehicle must not be (3)
2 metres.

C: Great.

S: (4)
?

C: It’s exactly (5)
metres long.

S: Please measure it again carefully. It must not be (6)
7

metres.

C: OK, I’ll do that and get back to you.

S: (7)
?

C: It’s just over (8)
metres high, including the bicycles.

S: Mm, that’s too high. The vehicle must not be (9)
2.9

metres.

C: OK, I’ll
.

EXTRA MATERIAL 
1A. Discuss these questions with a partner.

· How many mechanics work in a pit-stop* crew in a big race? a. about 4, b. about 10, c. about 20

· What jobs do they do? List the most important jobs.

· пит-стоп (в автогонках - заезд гонщика в гараж для смены колёс, дозаправки или ремонта во время гонки)

1B. Translate the words: jack, hose, nozzle, socket, wheel gun, flap.

2. Read this interview with the head of a pit-stop crew. Check your answers to 1.

How do mechanics service a car so quickly in the middle of a car race? Will Peters is chief mechanic and crew leader of a pit-stop crew. Here he explains his work.

I’m the crew leader, and I have twenty mechanics in my crew. It’s dangerous work, so we wear fire suits and safety helmets. I have five teams: wheel-gun, wheel-on, wheel-off, wheel-jack and fuel.
Every second is important in the middle of a race, so everyone moves quickly and works together as a team.
-30 secs I give the order: “Get ready!” The four wheel-on mechanics bring out new wheels. The tyres are still covered in warm blankets. The team leader adjusts the air pressure in the tyres.

-10secs The car enters the pit lane, and slows down. The driver presses the button in his cockpit. This opens the fuel flap.

· 3 secs The car approaches the garage. I signal to the driver: STOP. The driver slows down and drives towards the crew. The wheel-gun team leader signals with his hand, and the driver stops the car next to the wheel-guns.

00:00secs The four wheel-gun mechanics run to the car. They loosen the nuts with their wheel guns. Then they move back quickly.

00:01secs The two wheel jack team members run to the car, and place the jacks under the front and rear of the car. They raise the car off the ground and move back quickly.

00:01.5secs Then three members of the fuel team move forward. One carries the fuel nozzle, and the other two carry the fuel hose. (It weighs 40 kg) The front fuel mechanic pushes the nozzle into the fuel socket on the car. They then switch on the fuel pump.

00:02 secs The wheel-off mechanics move forward. They take the old wheels off and take them away.

00:02.5secs Now the wheel-on guys move forward. They take the warm blankets off the new wheels, put the new wheels on the car, and move back quickly. On the other side of the car, another mechanic puts his arm into the cockpit and cleans the driver’s visor.

00:03 secs The wheel-gun guys move forward and tighten the nuts. Then they raise a hand to signal that everything is OK.

00:04 secs The wheel-jack people lower the car to the ground and take the jacks away. Now everyone is waiting. The fuel guys are still pumping fuel into the car. They hold the fuel nozzle and hose in place until all the fuel is in the car.

00:05.5 secs I signal to the driver: SELECT FIRST GEAR. He pushes the gear lever into first gear, and waits.

00:06.5 secs The fuel pump switches off, and the fuel guys pull out the fuel nozzle. Another fuel team member cleans spilled fuel off the car, and moves back quickly. Immediately, I signal to the driver: GO. 
00:07 secs The car moves to the end of the pit lane. The driver presses the button to close the fuel flap.

00:10secs  The car speeds up and leaves the pit lane. It’s in the race again.

                                                    PARTNER FILES

File 4

 Partner A

You think that the Land Rover Defender is the best choice for the oil rig team. Study this information and then try to persuade your colleagues to choose this car.

	Criteria
	Land Rover Defender 4X4

	Height
	2021 mm

	Passengers
	9

	Price
	£24,700

	Engine size
	2.4 litre

	Towing power
	3500 kg

	Ground clearance
	215.9 mm

	Max speed
	132 km/h

	Fuel consumption
	4.7 km/L

	Wheelbase
	2794 mm

	Tank
	75 L


File 3
Partner C - Production Department

· Plastic parts are injection-moulded so we can get exactly the design we want.

· Lower weight is better for fuel consumption.

· The tools for making plastic parts are cheaper.

· Plastic has the same dent-resistant properties as steel.

File 6
Partner С
You think that the Toyota Land Cruiser is the best choice for the oil rig team. Study this information and then try to persuade your colleagues to choose this car.
	Criteria
	Toyota Land Cruiser 4X4

	Height
	1830 mm

	Passengers
	8

	Price
	£28,000

	Engine size
	4.7 litre

	Towing power
	2948 kg

	Ground clearance
	222 mm

	Max speed
	174 km/h

	Fuel consumption
	7.2 km/L

	Wheelbase
	2850 mm

	Tank
	96.1 L


File 2 
Partner B - Technical Department
· The steel tailgate can be painted with the body, but the plastic cannot. This involves more work and problems with matching colours afterwards.

· The plastic tailgate needs to be recycled separately.

· Plastic parts cannot be produced in great quantities because the production cycle time is longer. If you want to produce more than 100 parts per day, you need another set of tools.

· Steel is cheaper than plastic.

File 7 
Partner A: Your van: width - under 1.9m; length - exactly 7m; height -over 3.2m

File 5  
Partner B

You think that the Mitsubishi Shogun is the best choice for the oil rig team. Study this information and then try to persuade your colleagues to choose this car.

	Criteria
	Mitsubishi Shogun 4X4

	Height
	1105 mm

	Passengers
	5

	Price
	£27,300

	Engine size
	3.2 litre

	Towing power
	2800 kg

	Ground clearance
	225 mm

	Max speed
	170 km/h

	Fuel consumption
	12.6 km/L

	Wheelbase
	2545 mm

	Tank
	71 L


File 1 
Partner A - Controller

· Your task is to find out which material is the most cost-effective for the company.

· You need to produce 100 pieces per day.

· Good design is a USP (unique selling point) of your company.           

                                     ANSWER KEY 
                                                    PART I 

                         TRAINING AND MAINTENANCE.

 (2)
	a
	Tighten the wheel nuts.
	   8
	f
	Adjust the air pressure in
	  2

	b
	Raise the car with the
	   5
	
	 the tyre.
	  1

	
	jack.
	
	  g
	Bring the new wheel out.
	

	c
	Loosen the wheel nuts.
	 3

6
	h
	Put the new wheel on.
	7

	d
	   Take the old wheel off.
	   6
	i
	Put the jack under the car.
	4

	e
	Take the old wheel
	
	 j
	Lower the car and take the
	9

	
	away.
	  10
	
	jack away.
	


(3)

The correct order is: 1e 2b 3h 4i 5f 6j 7d 8g 9a 10c

  PART II                               MANUFACTURE
UNIT I                                          DESIGN

  (3 A)  PT CRUISER
  (4) The correct order is: 1 c 2 b 3 f 4 a 5 d 6 e

  (6) 1c 2 e 3 g 4a 5 f 6 b 7 d

  (7 A) a adapt         e design
           b approve      f development 
           c assembly    g product/production
           d concept       h specify 
    (7B)   
         1 adapt            4 assembly/production
         2 approval       5 specify
         3  concept        6 product
UNIT II                                MATERIALS
(1)

1st steel 

2nd iron 

3rd plastics 

4th = aluminium

5th = rubber 

6th fluids and lubricants 

7th zinc, lead and copper 

8th other 

9th glass
(2)

Suggested answers

    aluminium: car body, car parts, wheel trim, engine parts

foam: seats, padded interior parts

glass: windscreen, windows, mirrors

leather: seat covers, steering wheel

magnesium: engine parts, gearbox parts, steering column

components

plastic: body parts, interior parts, dashboard, gear stick rubber: tyres, body stripping, pedal covering sheet metal: body parts

steel: body parts, wheel trim, axle parts, suspension, engine parts textile: seat covers, interior covers wood: dashboard

(3)
1 natural           6 durable

2 light               7 rigid

3 flammable     8 malleable

4 elastic            9 heat-resistant

5 shatterproof 10 corrosion-resistant
UNIT III  ASSEMBLING
(2) 1 b 2 e 3 d 4 f 5 a 6 c 
                                          SUPPLEMENTARY READING
UNIT 1
                                               Selling Your Present Car
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A car maintained in good condition will bring a higher price when sold. If you're reading this, it's pretty safe to assume that you're in the market for a car, probably a previously owned car. You want to get every dollar you can out of it including when you sell it. A favorable first impression can go a long way in compensating for other shortcomings a car may have. Obviously, the better a car looks and runs, the better the impression. Dealers detail cars on their lots to get top dollar. There's no reason why you shouldn't detail your own for the same effect.
In fixing up your car, spend no more than 15 percent of its retail value, and try to keep your expenses closer to 10 percent. If the car is worth $4000 or less, limit your cash outlay to $400. Many items can be refurbished by elbow grease alone. The primary concern, next to the car's ability to run, is the exterior and interior. A car wash is essential. Use either the garden hose variety or a run through a commercial car wash. Finish the job with a coat of wax for additional shine. You can do this the easy way by using a power buffer. Don't forget to cover doorjambs, panels under the hood and inside the trunk. Use chrome polish to remove rust and pits from chrome trim, bumpers, grille and wheel covers.
UNIT 2
How To Shop For A Used Car.
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Before you begin any serious search for a used car, you should have a specific idea of the kind of car you want. Shopping cold at a used car dealer is a bad practice because it puts the salesman in complete control of the situation and allows him to steer you to the cars he wants to sell rather than what may be best suited to your needs.

 First off, decide on the general type of car you need. If it's a station car used for short hops back and forth from the train, it's wise to select something small and economical. Likewise, a car that's mainly needed for around town use can be a light, small-engined car with sufficient room for groceries.

Large cars, obviously, are better suited for larger families. And larger engines can offer reasonable economy on the highway and provide extra power for hills and passing. 

Which Body Styles Are Worth More


Different body styles have different values in different parts of the country. While convertibles may command a premium in the Southwest, they can linger unsold for months in the cold, wet northern tier. Generally speaking, however, the four-door sedan will retain value more universally than coupes or convertibles.

Convertibles may conjure up visions of youth, but they have several disadvantages. The top provides no barrier to thieves intent on breaking into the car, and vandals crave the sound of ripping fabric. Even under the best conditions, a plastic rear window will require periodic replacement. The ragtop is the most rattle-prone body style, suffers from weatherproofing ills and generally provides no protection in case of a rollover. In general, the smaller cars - sedan or coupe or hatchback - are less expensive to operate and maintain, and do not suffer the initial heavy depreciation of larger cars.

Many families have abandoned cars entirely in favor of either minivans or sport utility vehicles. These can be excellent values if they're used well by their owners and appropriately command good used prices although the interior may be covered in sticky little fingerprints. Avoid SUVs that show signs of any serious off-road use, as well as large rear-wheel-drive vans that have been used for commercial purposes.

UNIT 3
Checking Out A Used Car
If you're car shopping at your friendly neighborhood used car lot, you'll notice something interesting. All or most of the cars look too new to be used. They sparkle and shine and may hardly show any signs of wear at all. They'll even smell new. That's because the cars have been detailed, which in the trade means reconditioned.  
Detailing can be used to mask a car's history. What the dealer invests to correct or cover up defects, he gets back many times over from the new owner. Almost every car on the lot has been detailed to some degree. The dealer has either his own people do the job or he farms the car out to detailing specialists who serve all the used car dealers in the area. The car may pass through the hands of several detailers - all specialists - before it's placed under the spotlights and plastered with banners reading "one owner car" or "A-1."
The dealer can have this work done much more cheaply than you can, because he pays wholesale prices. He also offsets some of his costs by estimating how much detailing is required when the car is traded in and adjusts his offer accordingly.
UNIT 4
Wheeling And Dealing

Now you're ready to negotiate the best possible price for the car. 
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Buying a car, new or used, is different from buying almost anything else in our society. When you shop for a suit of clothes, a TV or groceries, you check price tags and buy where they are lowest. "It's $289 for that dishwasher? Who do I make the check payable to?" Not so when buying a car. Perhaps because the automobile directly replaced the horse, the concept of horse trading or bargaining becomes the accepted way of doing business. If you consider haggling over price a difficult experience, imagine what it's like in some other countries where you have to bargain over the price of everything you buy.

What You're Up Against


          Because haggling is synonymous with the car business, some dealers employ salesmen who are specialists in handling specific areas of the transaction, similar to the situation existing in the medical profession. These specialists even have unique titles. First there's the Liner. He's the first salesman you meet - the official greeter. He's a cheerful one-of-the-boys type whose job is to put you at ease and in a receptive mood. He very skillfully turns you over to a regular salesman who recommends suitable cars, arranges test rides and gives you the general sales pitch. When you're sold on a car he turns you over to the Closer. These changes can be made so smoothly that you never get the feeling that you're being shuttled from salesman to salesman. The Closer is an expert at making deals. He's the dollars and cents man. The shrewdest buyer is a rank amateur compared to an experienced Closer. He can skin the cat five different ways, juggling figures on trade-in, financing and insurance so skillfully that the average buyer doesn't realize how much he's actually paying for his car.

Smaller dealers don't have this variety of sales talent, but they have developed their own techniques for moving cars off their lots. No matter how low pressure or friendly a dealer appears, don't lose sight of the fact that he's there to sell cars, and at the best possible price for him.

UNIT 5
The PM Diagnosis:

What’s that SMELL?

Remember that new-car smell? Actually, new cars haven’t had that smell since manufacturers took the solvents out of the glues in the interior in an attempt to save a lot of UAW members’ livers. Oh well. But there are plenty of other smells emanating from your car. Some of them are perfectly normal, even if they’re annoying. Other odors are definitely evidence of Something Wrong. You—or your mechanic—can tell a lot about the source of an odor by simply walking around the car. Some odors are only apparent when the car is running, others when it’s hot, others when it’s sitting.
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SMELLS LIKE: 

1. MAPLE SYRUP
WHEN: After the engine has warmed or possibly even after it’s shut off for a few minutes.

THE SOURCE: Coolant containing sweet-smelling (but toxic) ethylene glycol is leaking from somewhere. It could be coming from a radiator or heater hose, a failed intake manifold gasket or cylinder head. It might be coming from a leaky radiator cap or the radiator itself, especially if you smell it outside the car. A strong odor inside the passenger compartment probably means a bad heater core.

2. GYM SOCKS 
WHEN: You turn on the heater/air-conditioner fan and you get a whiff of that high-school gym locker.

THE SOURCE:  It’s good, old-fashioned mildew growing in the moisture condensing inside your a/c evaporator. And no, drizzling Listerine down the vents won’t fix it. Cheap solution: Turn off the a/c a mile from home and run the fan on high to dry the system out.

3. LIKE HELL

WHEN: All the time, especially after the vehicle has been sitting after a long drive.

THE SOURCE: Yes, it really is brimstone, or, as it is usually called today, sulfur. This means gear lube is leaking from the manual transmission, transfer case or differential housing. Sulfur compounds in this oil serve as extreme-pressure lubricants for the gears, and can get pretty funky after a few years in service. Look for sulfury-smelling dribbles of viscous, oily stuff under the car. Unfortunately, leaks here typically mean a trip to the shop.

4. A GAS STATION

WHEN: Parked, especially inside a garage or when the weather is really warm.

THE SOURCE: This is raw gasoline. On older cars pre-1980 or so some odor after a hot shutoff is normal from fuel after boil in the carburetor float bowl. Modern cars have an evaporative-emissions system that’s tighter than our managing editor’s deadline schedule, so any fuel smell means something is wrong. There may be a leak from a fuel-injection line or a fuel-tank vent hose.

5. ROTTEN EGGS

WHEN: Any time your engine is running.

THE SOURCE: Hydrogen sulfide in the exhaust, which is produced by trace amounts of sulfur in gasoline. It’s supposed to be converted to sulfur dioxide in your catalytic converter. This may be indicative of a fuel-injection problem, and can be cured by a sharp mechanic. But often it means a failed catalytic converter. The bad news: A new cat is expensive. The good news is it’s probably covered under warranty. Check with your dealer.

6. BURNT PAPER

WHEN: At all speeds, particularly when you’re working your way through the gears.

THE SOURCE: The clutch facing is burning off as the clutch slips. The odor is reminiscent of smoldering newsprint: like trying to burn the Sunday newspaper all at once in the fireplace. The friction material is actually a paper composition, which explains the papery part of the smell. Either replace the clutch, or learn to stop riding the clutch pedal.

7. HOT OIL

WHEN: Your engine is hot.

THE SOURCE: Oil is leaking onto the hot exhaust manifold. This is an acrid, burning smell. It’s earthier and more nose-wrinkling than the odor of cooking oil used for french fries. If it’s from a leaky crankshaft seal that’s spraying oil all over, some of it will find the red-hot manifold but most will be on the pavement. A leaky valve cover won’t necessarily leave a drip on the floor if all the oil drizzles onto the exhaust, vaporizing immediately. Look for smoke and try to stem the leak.

8. BURNT CARPET

WHEN: After you’ve been using the brakes a lot, or hard, or both.

THE SOURCE: The brake pads are overheated. This is perfectly normal after riding the brakes coming down a long mountain pass but you should learn to downshift, you flatlander. If you smell this under normal driving conditions, you’ve got a dragging brake caused by a seized-up brake caliper piston. Or maybe you just left the handbrake on. Check the temperature of the brakes by hand the hot one is probably the smelliest.

UNIT 6
The PM Diagnosis:

What’s that SOUND?
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A moving car is a complex symphony of sound, most of it reassuring tires humming, engine rumbling, tailpipes roaring. But every now and then a dissonant note creeps into the mix and the alert driver’s ears prick up: Did you hear that? Here’s a guide that identifies those oddball sounds and helps you sort out which conditions you can let slide and which ones mean repairs and how fast you need to make them.

THUMPTHUMP – THUMPTHUMP – THUMPTHUMP

WHERE: From one or more tires.

WHEN: At low speeds, especially in the morning. Speeds up with car.

WHAT: Flat-spotted tire. As the tire rotates the flat spot thumps on the ground. Nylon-cord tires will flat-spot overnight and make this sound until they warm up. It’s usually worse in colder weather. You can permanently flat-spot the tires by locking up the wheels, grinding massive amounts of rubber off the tread in one spot.

FIX: Replace your nylon tires with steel-belted tires. If you’ve ground down your tires like a pencil eraser, you can either live with the vibration until wear reduces the flat-spotting or buy new tires.

FFFFffff ttttFFFF ffff ttttFFFFffff tttt

WHERE: Under the hood.

WHEN: Most noticeable at idle.

WHAT: An exhaust manifold gasket has failed, venting hot exhaust gases to the air.

URGENCY: It’s not getting better on its own. The blowtorch of corrosive gases will eventually damage the manifold. By the way: carbon monoxide from the leak may make you drowsy or dead.

FIX: Replace the exhaust manifold gasket before the leak eats a hole in the manifold.

Ticktickticktick

WHERE: Under the center of the car, toward the rear.

WHEN: While in motion and varying with road speed.

WHAT: U-joint (rwd or 4wd only). A U-joint in your driveshaft has finally run out of grease, is getting loose and is about to fail.

URGENCY: That’s really just an urban legend about cars polevaulting over broken driveshafts when U-joints fail at speed, right?

FIX: Replace all the U-joints and keep the new ones greased regularly.

EEEEEEEeeeee

WHERE: Inside the wheels.

WHEN: Slowing down; it’s sometimes worse on damp days.

WHAT: Your brake pads are stroking the discs like a violin bow.

URGENCY: Sometimes they do that. Your brakes still work fine.

FIX: Try new pads, adhesive to hold pads to the piston or shims to insulate the piston from the pads. Another option: earplugs. (Sometimes the sound is difficult to eliminate.)

SSSSSSSSSSSS

WHERE: Under the hood.

WHEN: Anytime the engine is running, but it’s most noticeable at idle speed.

WHAT: Vacuum leak. A rubber or plastic vacuum line or fitting has split or fallen apart.

URGENCY: If you’re wondering why your Check Engine light is on and why your car idles poorly, this is probably why.

FIX: Reconnect or replace the line.

Clang

WHERE: Under the center of the car or truck, near the middle.

WHEN: Starting off at traffic lights. Most often heard on pickups with automatic transmissions, not manuals.

WHAT: The splines that allow the driveshaft to change length where it connects to the tailshaft are binding as you slow down and then releasing when you start off.

URGENCY: Annoying, but They All Do That – or at least some of them do it some of the time.

FIX: Packing the spline area with special grease helps for a month or so. Or just sell the car or truck.

ThunkThunkThunk

WHERE: One or both front corners of the vehicle.

WHEN: Going around slow, sharp corners under light throttle.

WHAT: A CV joint that allows your front wheels to turn and still be powered is loose. The boot has failed and let out all the CV joint’s grease, or maybe it’s just time for it to wear out.

URGENCY: Don’t leave town. Don’t use a lot of throttle around sharp turns. Your car will stop suddenly when the joint completely fails.

FIX: Replace the entire off ending half-axle.

Clunk

WHERE: Front end.

WHEN: Initially, when parking; eventually, over small bumps.
WHAT: The ball joint that connects the suspension arm to the upright has lost its lubrication and the metal-to-metal contact is wearing it out.

URGENCY: Make an appointment. Avoid bumpy roads, curbs and potholes.

FIX: Replace the ball joint.

GrumbleGrumble

WHERE: Front of the car.

WHEN: At idle. Check for weeping coolant at the bottom of the water pump, too.

WHAT: Water pump bearings.

URGENCY: When the bearings fail completely, the fan will pull forward and slice a nice big smile-shaped chunk out of the radiator, making it leak profusely.

FIX: You need a new pump.

Yyyyoooooowwwwrrrrrrr

WHERE: Under the hood.

WHEN: Whenever you rotate the steering wheel all the way to the left or right steering stop and hold it there.

WHAT: The pressure relief valve inside the pump is dumping excess power-steering hydraulic fluid back into the reservoir. It’s supposed to do that, although maybe a little more quietly.

URGENCY: No big deal.

FIX: It’s normal. Actually, you should check the level of powersteering fluid in the pump. Don’t hold the wheel hard on the stop like that; it annoys pedestrians and is tough on the belt.

YEEEEeeeeeaaaaawwwppp

WHERE: Under the hood.

WHEN: Right after startup until you rev the throttle a couple of times and the rubber warms up.

WHAT: Belt squeal. A loose or glazed belt, bad tensioner or misaligned pulley.

URGENCY: Make an appointment, and don’t take a long trip. This won’t go away on its own until just before the belt fails.

FIX: Check belt tension and pulley alignment; replace the belt.

UNIT 7
In 1959 Sir William Lions, the permanent director of Jaguar till the very end of his life, sent for the editor of the magazine “Motor” Christopher Jennings, and under a very big secret asked to test the new model prototype, the development of which was held back by a terrible fire at the works in 1957. The automobile shocked the experienced journalist from first sight. But he was obliged to keep the secret for two years.

That first prototype was lost from sight for nearly forty years. Recently it was discovered in possession of some mister Porter, who had it for over twenty years, in a very bad condition. But even now the traces of all technological operations on it can be seen, up to the crayon markings. It is a pity the unique motor, installed only on the prototype, didn’t make it. But mister Porter is confident that it will still go 150 miles – the restoration is almost finished.

The exterior of the automobile is unique. The hood of enormous length together with the fenders open forwards. The saloon is small, and the windshield stands almost vertically. But it is a tradition – the first model, fully created by William Lions and Whalemsly, also William, had such proportions. It was called SS1.

The new model became the best of what Lions had done so far and probably no consequent Jaguar could excel it. Afterwards the automobiles started loosing originality, standard decisions were used on them. And have you ever seen a real boot door on a sports automobile? Yes, a door, and of a unique egg like shape. Some people even called the model the fastest van. Back then sport estates were in fashion – three door caravans on the basis of sport models, but they looked rather rough and they didn’t have such grace, as Jaguar, and they weren’t in much demand.

E-Type is regarded as the most characteristic English sports automobile. Driving it is true pleasure for an automobile gourmand. E-Type is a high guest at any classical automobile show. Every year over a thousand of these cars get together at the main holiday of English automobilists in Silverstone. And the connoisseurs will never get bored of looking at them. Their gracious forms are part and parcel with the meaning of classics.

UNIT 8
Dealing With A Low Brake Pedal

Hydraulic brakes have been around since Duesenberg introduced them in 1921, but apparently a long history is no defense against troubles. And professionals and do-it-yourselfers alike are often guilty of misdiagnosis--they blame the master cylinder, though it is seldom the culprit.

There are only two plausible reasons for a low pedal: air in the system; and excessive movement between linings and rotors or drums (due to lack of adjustment, an out-of-round drum, or a wobbly disc that's knocking the pistons back so that there's extra space to take up before braking action begins).

Isolation
You can find out all you need to know about the master cylinder by removing the lines, screwing brass or plastic plugs into the outlets, and then applying the brakes. If the pedal's high and hard now, the master has been properly bled and its seals are okay. The pedal would sink gradually if it were bypassing--that is, if fluid were finding its way around the sliding seals. You've also confirmed that the booster is okay. Reattach the lines.

Continue the process of elimination by clamping hoses to isolate each wheel. Use a suitable rounded-jaw tool, either the locking-pliers type or one of those inexpensive J-hooks with a knurled screw. Releasing one at a time should locate the problem.

Use That Parking Brake
If you never engage the parking brake, self-adjustment of the pads and rotor simply won't occur, and that means a low pedal. Another impediment to adjustment is corrosion and contamination of the piston, cylinder and self-adjustment hardware. So, change your habits and start using the parking brake every time you leave the car, and overhaul or replace those calipers if they're not just right. If the parking brake isn't used regularly, one of these days a parking lot attendant will apply it and your car will be immobilized until those corroded cables and other seized parts are replaced.

Beat The Drums
Rear drum brakes can cause a low pedal, too. Seized star-wheel screws and otherwise inoperative self-adjusters are practically an epidemic, and you're risking trouble if you don't replace the hardware when replacing shoes. At the very least, clean the star-wheel threads and treat them to a coating of antiseize compound.

There's another factor that's usually not recognized: drivers who never stop aggressively enough in Reverse to ratchet the self-adjusters. It's a good idea to stomp on the brake pedal every week or so while backing up--preferably in a deserted lot or other safe place.

What about the drums themselves? They're frequently out of round, leaving excess shoe-to-drum clearance and, of course, causing pulsation.

The old-fashioned, low-tech way to bleed brakes is to use a jelly jar half full of brake fluid, a short piece of hose, and a patient helper to depress the brake pedal. 

Depress the tab while you rotate the star wheel to close up the clearance. When the wheel scrapes lightly, go back one click. 

Brake drums will be marked clearly as to how far they can be machined safely to remove out of round. 

Bubble Trouble
For all practical purposes, brake fluid is incompressible. Air, on the other hand, can be squeezed down into a smaller-than-natural volume, and its presence will disrupt the operation of any hydraulic system. It promotes internal corrosion, too. Ergo, it must be expelled.

The most common cause of pedal problems is failure to bench bleed a new master cylinder. Screw the supplied fittings into the outlets and place the tips of the tubes in the fluid in the reservoir. Clamp one of the master's mounting ears in a vise--don't grip around the cylinder--so the unit is as level as possible. Use a rod or drift to stroke the piston slowly. Wait at least 15 seconds between strokes to allow the low-pressure chamber to release all its bubbles and fill completely. Keep stroking until there's no more evidence of air at the ports and tube tips.

If the car has a replacement cylinder that somebody didn't bench bleed, you might be able to do it with the master in place, provided you can jack the rear of the vehicle high enough to get the cylinder to be level. Again, pump slowly and allow time between strokes.

An important precaution to observe during any bleeding procedure that involves pumping the pedal is to limit pedal travel. You don't want the delicate lips of the master cylinder's piston seals to ride so deep in the bore that they encounter rough corrosion or deposits, which can scratch them. Just throw a chunk of 2 x 4 on the floor under the pedal.

When it comes to the bleeders at the wheels, most people just open them and let the fluid squirt. Not only will this result in slippery puddles on the floor, the fluid can shoot farther than you might expect--think about the 2500-plus psi of line pressure on some ABS-equipped cars. Brake fluid is a pretty effective paint remover, and it really burns when you get it in your eye. Wear eye protection.

One convenient setup is a tube and transparent bottle kept half full of fresh fluid. There are also inexpensive 1-man bleeder hoses that contain a 1-way valve to eliminate the possibility of air being drawn back in when you release the pedal.

The bleeder cups and hoses that are often included in manual vacuum pump kits, such as those from Mighty Vac, work well. Once again, you can see what you're getting, and you don't have to keep climbing into the seat to pump the pedal.

You should also be aware of special procedures. For example, on Teves Mark II ABS systems, you can't get fluid to the rear brakes unless you turn the key on and then apply the pedal slightly. Be sure to check the shop manual if your vehicle has an antilock braking system.

Finally, there's the bleeding sequence. Since you're supposed to do the longest line in the circuit first, the traditional order is right rear, left rear, right front and left front. But with the diagonally split systems you'll find mostly on fwd cars, the order is right rear, left front, left rear then right front. ABS-equipped cars may have special procedures to follow.

Bubbles collecting in high spots in the brake system need to be removed by opening the bleeder valves to flush them out. 
 UNIT 9
Changing Gear Lube

Manual transmissions, transfer cases and axles need to have their lubricants changed occasionally if your vehicle sees hard use. Remove the plug slowly or lube will spill and run down your arm. And wear gloves--used gear lube smells really nasty.

 (1a) Check the level of lube in the gearbox or axle by inserting your finger. 

The same caution goes for the transfer case. Yours might well call for either 80W-90 gear lube or ATF. Again, be sure you use the correct type.

Drive axles--that includes the front if you have 4wd--have ring-and-pinion gear sets with hypoid gears. The teeth are curved and they're not mounted on the same axis. Hypoid gears have more sliding friction than the constant-mesh gears of the transmission or the chain in the transfer case. Some manufacturers specify a different type of lube with better extreme-pressure lubrication qualities. These EP additives generally take the form of zinc compounds, which are slightly corrosive. Don't use this kind of lube in the transmission or transfer case as an upgrade.

Finally, many axles use friction-type limited-slip differentials, which call for still another kind of lube with modified friction characteristics. There are additives to allow a conventional hypoid lube to achieve this, or you can simply buy lube that already incorporates the friction modifier in the bottle. (This is one of the few times we'll recommend the use of additives.)

While you're shopping for all this lube, you also may need to pick up copper sealing washers for the drain plugs. Maybe not--some drain plugs have a plastic, reusable washer and some use self-sealing tapered pipe threads. The counterman at the auto parts store will be able to tell you what you need.

 (1b) Proper fill level is even with the bottom of the hole. Don't overfill by squirting lube in and cramming the plug home before it dribbles back out. 

Glug, Glug
Unless your 4x4 has tons of ground clearance, you'll need to give yourself the necessary room to work by raising your vehicle. And the best, safest way to do that is to use ramps. 

Alternatively, a floor jack and proper safety stands will give you more room to work. Don't work underneath any vehicle that's supported only by a jack. Ever. 

Drive the vehicle around for a few minutes to warm up the trans or axles--but not so long that the exhaust system will press your shirt. 

(2) Furry coating, like this, on a magnetic drain plug is normal. Chips and pieces of broken teeth are not. 

When you're ready to get to work, make sure the vehicle is level side to side or else the axles won't drain fully. You'll want to wear rubber or thick latex gloves. The sulfury smell of old transmission lube will stay on your hands through several washings, and it's a good idea to avoid absorbing potentially carcinogenic solvents through your skin. 

You'll need to remove two plugs from the transmission, axle or transfer case--one drain plug and one filler plug. Start by cleaning around both plugs. You don't want dirt and debris falling into the case when you remove the old plug. If a rag won't do it, use carb or brake cleaner--wear eye protection when spraying these. A lot of drain plugs are square holed, and by odd co-incidence are exactly the right size for a 3/8- or 1/2-in square ratchet. You may also see such odd things as large Allen drives or simple square pipe plugs you can turn with a crescent wrench.

 (3) Refill by squeezing lube into filler. Awkward clearances mean using a piece of hose. 

Remove the fill plug first. Huh? You'll want to check the level in the sump to see if the gears have been running low. If you can't get the fill plug loose, you really don't want the drain plug out yet, lest you can't refill the thing with any lube at all, stranding your vehicle in the air. The level of lube is supposed to be even with the bottom of the fill plug, so stick your pinky in there to see if the level is close.

Got your drain pan? Now turn out the drain plug. Tight? It may have never, ever been removed before. Try some penetrating oil and a longer wrench if necessary.

Warning! Don't let lube shoot horizontally out of the hole and splash your arm, shirt, pants and shoes. Don't say we didn't warn you. Don't drop the drain plug into the drain pan unless you really prefer to go fishing for it later. It's slimy in the bottom of that drain pan.

Let the lube drain for at least 5 minutes.

Uh-oh. Your rear axle has a fill plug--but no drain plug. You'll need to loosen all of the bolts that hold the cover onto the casing and maybe pry a little to let the lube out. Be prepared to crack the paper gasket, which is probably hard and brittle. If you do that, you'll need to remove the cover, scrape and polish any gasket sealer off the mating faces, and reinstall the cover with a new gasket and sealer. Some Ford products that use a plastic differential cover specify that the cover must be replaced if it's ever removed--talk about planned obsolescence. We just remove them carefully, clean them meticulously and reinstall them with a bead of silicone gasket sealer. And no, bathtub caulk won't work--spring for the right stuff.

Fuzzy
Your drain plug may come out covered in what looks like fur. That fur is composed of metal wear particles that have been attracted to a magnet in the plug. If the particles are all small, it's fine and normal. Bigger chips are evidence of something broken, like a gear tooth, which is a Bad Thing. If you find anything bigger than a BB, keep it to show to the mechanic who will eventually be rebuilding your transmission or differential. Otherwise, clean off the fur with a rag and press on.

(4) Really tight clearances mean longer hose, creative placement of bottle. 


Fill 'er Up
         Reinstall the drain plug. Pipe-threaded plugs can just be screwed in tightly with a dab of thread sealant or Teflon tape. If your plug used a copper seal ring, get a new one. Be sure the old ring isn't stuck to the plug or the case. Tighten to the torque spec in the manual. No torque wrench? Get it good and tight, but not tight enough to squeeze the washer out of round.

Now put in fresh lube. Fill until lube trickles back out of the hole, probably between 1 and 2 quarts, but check the owner's manual. Axles are filled with lube all the way out to the outer wheel bearings, and it may take a minute or two for the lube to find its way out there. When it seems full, wait a couple of minutes and check again.

New uh-oh. The fill plug is situated so there's no way to squeeze the lube in. In cases like this, you need to get creative with a turkey baster or a length of hose.

Done? Reinstall the fill plug snugly, following the same cautions for the drain plug. Don't strip the threads.

         Now what do you do with several quarts of used lubricant? Check with your local sanitation department for the correct procedure, and dispose of it as if it were used engine oil. Many garages will take in a few quarts or so of used oil from homeowners for disposal, and in some states are actually required by law to do so.

UNIT 10
Centering New Wheels and Boosting Your Antique's Voltage.

Twist and Shout
Q: You published a letter in the January 2006 issue from an individual who needed to remove an improperly installed rearview mirror tab from his windshield. After spending a week with exactly the same difficulty, I asked the local repair shop. They said they had a gadget to remove the tab and would be happy to do it for five bucks. The special gadget turned out to be a crescent wrench. Just put the wrench on the tab parallel with the glass, and twist. The tab will pop right off. 
A:This seemed so simple I had to go out to the shop and try it on a car. Slick. This procedure didn't even leave any adhesive residue on the glass. Many thanks for the tip.

High Voltage
Q: Owners of old tractors and antique cars sometimes put 8-volt batteries in their 6-volt systems to give their starters a little extra juice to spin the old motors faster for easier starting. Is there any harm in this? What does it do to generator polarization or amp/volt 
readings? 
A: Racers use 14-volt batteries to provide a hotter spark and improved cranking, too. The downside is slightly reduced life of some voltage-sensitive components, like light bulbs and electric motors. Regardless of whether the system is positive or negative ground, it will have no effect on ammeter readings--although a stock 6- or 12-volt generator obviously won't give an 8- or 14-volt battery much of a charge. Many antique voltage regulators can be adjusted mechanically. Racers can buy 14-volt alternators, but many race cars have no charging system, so they simply rely on 14-volt off-car battery chargers to recharge the battery between races. The ammeter will still read properly, and the voltmeter will simply reflect the actual voltage of the system.
Why go 8 volts when you can go 12? If it were my car or tractor, I'd convert it to 12 volts. A good motor shop can rewind the stock starter and generator or alternator appropriately. You will need to replace the bulbs and things like the wiper motors. Use a voltage reducer to run the instruments and the radio.

UNIT 11
Eat Carrots and Squint
Q: I have a 1995 Dodge Intrepid. The headlights are really, really bad, especially when it's raining at night. How can I fix this?
A: PM had an Intrepid in for a long-term test around 1995--and I recall writing in my report that the car's headlights were substandard, particularly on rainy nights. So it's not your imagination. If you have pitted or frosted headlamp lenses, you may be able to polish the surface to resuscitate them for a season or two (see popularmechanics.com/lenses). If the internal reflectors are corroded, the lens assemblies will have to be replaced. Just the parts to do that will come to over $275. If those parts are okay, and you're simply unhappy with the light output of the headlamps like I was, you can try substituting a higher-output bulb. There are several manufacturers who make brighter replacements for your standard 9007 lamp. These stock halogen bulbs are rated at 55 watts low beam/65 watts high beam. Try an aftermarket bulb that claims improved brightness, rather than one that simply changes the color of the lamp to be trendy. If that doesn't cut it on a long, rainy drive, try upgrading to a higher-wattage lamp. Caveat: More powerful high-wattage bulbs generate more heat and may warp the composite plastic housing. They also draw more current and can overheat the wiring. Stick with 85-watt max bulbs.
UNIT 12
Repairing Electrical Wiring

(1) Strip the wires of about 1/2 in. of insulation. Slip PVC shrink tube over one wire. Twist the two sections of bare wire around each other. (2) Heat the joint with a soldering iron or pencil from underneath. Apply solder to the top until molten solder wicks into the joint. Let this cool undisturbed to avoid a "cold" solder joint. (3) Heat the shrink tube to make it shrink down around the wire. (4) Use more shrink tube to bundle multiple connections. 

BASIC DON'TS
Never use solid wire. Solid wire is for stationary household use; the vibration in your car or truck will eventually break it. Use automotive-grade stranded wire, not pieces salvaged from an old extension cord. You'll need to find some automotive-grade wire of the same gauge as the wiring you're replacing. Try to follow the color codes on the factory wiring harness if possible, because in two or five years you may very well be tearing back into your repair-and there's nothing more daunting than troubleshooting a bundle of a half-dozen or more wires that are all the same color. At least use tags that identify the circuit and the original wire color.

Never use wire nuts. They, too, are intended for stationary wiring and will unscrew themselves--usually late at night on a bad stretch of road far from cellphone coverage.

Never use electrical tape to make a splice on automotive wiring. The extremes of heat and moisture degrade the adhesive, and the tape will unwind.

(1) New spade-lug connector should be slid over stripped wire just far enough to cover bare wire. Don't crimp over insulation. (2) Crimping tool is then used to crush connector onto the bared wire. This pro-grade crimper has an overcenter mechanism that won't under- or overcrimp. (3) Finished product is solid mechanically and electrically. 

SOLDERING  ON
The most secure and durable way to splice two wires together is to solder them. Use nothing but 60-40 rosin-core solder intended for electrical wiring. You'll also need some PVC shrink tube. If you're not an old hand at soldering, practice for a dozen or so joints before you try to do it under the dash with hot solder dripping on your cheek.

Don't have a heat gun and your wife's hair dryer is off-limits? I've made do with a lighter. Be careful not to leave a smudge of conductive carbon over the tubing-and try not to set your dashboard or engine compartment on fire.

(1) Insert terminal tool into connector block far enough to depress locking tang. Wiggle the tool in a circle slightly as you (2) pull the wire gently to remove the connector pin from the block. Having three hands helps. (3) Crimp tool has one small anvil to crimp wire directly to the metal connector pin. Once this is accomplished, use the larger anvil to crimp the strain relief over the insulated portion of the wire. (4, 5) Final crimp leaves connector pin ready to reinstall into plastic block. Just push it back into the block until the tangs seat with a click. 

MAKING CONNECTIONS
Most of the wire harness on your car or truck terminates in the standard spade-lug connector. You can pick up a crimping tool almost anywhere in a kit with a selection of spade-lug, round and bullet-style connectors for under 10 bucks. Match the connector to the wire size, but most automotive wiring uses 12- or 14-ga. wire and customarily the corresponding connector has a blue insulator. Larger wires will use a connector with a yellow insulator and can be identified by the larger width of the spade lug. Just use common sense. If you have to trim some strands from the wire to make it fit into the connector ferrule, a light should go on in your head saying there's something wrong. Simply strip the wire, insert it into the barrel of the connector and crimp. Be sure the handle of the crimper bottoms out when you squeeze, which should guarantee the crimp is solid. It has a compound-leverage over-center mechanism that ensures a correct squeeze. It costs about $50.

(1) We carry some of these Posi-Lock electrical connectors around for quick repairs and temporary trailer connections. Strip the wire, then insert it through the collar and tighten.      Splicing and crimping wires is easy. But what about that multiconductor connector that melted, or the Weatherpak connector under the hood that carries data from some fuel-injection sensor? Unlike the wiring that runs the headlights, these connections carry millivolt-level information at low current. Any resistance will make your engine management computer unhappy. These connectors are sealed-up to a point. Inauspicious use of pressure washers can drive water past the seals, resulting in corrosion. You'll need to depress a tab to disconnect this style of connector. If the plastic block is damaged but the pins are okay, you can replace the block. If the block is fine but the connectors are corroded or the wires have been torn loose from the connector pins, you can replace just the pins.

       To remove the pins from the block, you'll need to depress a small locking tang. There are inexpensive tools available to do this. Square pins use a small, flat probe, while round pins use a hollow, round one. Insert the probe and wiggle it around a little and the pin should easily pull out of the block. This maneuver might require three hands-to pull on the wire, wiggle the probe and hold the block simultaneously. Don't pull too hard-if the pin doesn't pull out fairly easily, wiggle the probe again. No special tool? You can use a small screwdriver or even a paper clip-but you run the risk of damaging the tang. Crimping on a new pin is done with a special tool, and it's not cheap. We paid close to a hundred bucks for the one shown above, including a rather complete set of replacement pins. (No, the $2.95 set of wire crimpers you got at Wal-Mart won't do.) There are two crimps to make, one on the stranded wire itself and a second over the insulation. This crimp is fussy to perform even with the right tool. I recommend practicing on a piece of scrap. Don't forget to install the rubber seal on Weatherpak connectors before you crimp.

UNIT 13
Popular Mechanics: Auto Clinic Expert Q & A -- Fuel Injection

Into the Noid
My car won't start. I can't figure out why. I think it has spark. The fuel pump is making its customary whirring noise when I turn the key. I pulled out the spark plugs, but they don't look wet or even smell of gasoline. Is there some way to check to see if the fuel- A quick check to see if the injection system is working at all can be done with-I kid you not-a device called a noid light. It's simply a small incandescent bulb in a socket with pins that plug directly into the wiring harness leading to your fuel injectors. You can buy a set to fit any number of applications for as little as $15. Pop the connector off the injector and plug the noid light in. Crank the engine over. If the noid light flashes, the computer is operational enough to send voltage to the injector. If not, you'll need to diagnose further. Consider this a quick-and-dirty test only-there are still plenty of things that could go wrong to prevent the engine from starting. Yes, you could do this with a voltmeter, but it's a lot easier to see the noid light flashing than it is to try and read the voltmeter scale.
Fountain of Youth
Our 2005 Nissan Altima has a more than noticeable leak after being driven for a period of time. I put the car on jack stands and the clear fluid collects on the passenger side near the firewall. The dealership says it's water from the air-conditioning system. That was my original guess, but it's never leaked like this before. It even leaks when we don't use the a/c.
Condensate water from the a/c evaporator under dash is normally routed out of the car in the location you describe, so I'm sure this is what you're seeing. Why does this happen when the a/c isn't turned on? Your Altima, like most cars, runs the a/c compressor much of the time--even when you don't think it's on. Any of the settings on the HVAC controller that signify that the windshield demisting is operating will run the a/c to dehumidify the air. That includes during cooler weather when you may, in fact, have the heat turned on. Relax. It's normal.
Premature Graying
There is some gray plastic trim on the side of my car and it has become badly faded. The discoloration is very noticeable. I've tried wax and Armor All, but nothing seems to brighten the color. Is there any product to perk this up, or do I have to remove it and paint it? 
There are a couple of products I'm aware of for restoring black trim-but not gray. Either the painted surface of the trim is, as you surmise, faded by the sun, or the paint film has worn through and what you see is the underlying plastic. Bottom line: You'll have to paint these to achieve a consistent color. Good news: You can use a rattle can to do this, and if you mask carefully, you don't need to remove the trim from the vehicle. Choose an automotive paint for plastics, not something intended for rusty lawn furniture. Bad news: Before painting, you'll need to remove all that Armor All or the paint will squirm around the surface and drip off before it sticks. Thoroughly decontaminate the surface with prep solvent or lacquer thinner. Check a small area first if you use lacquer thinner, lest it dissolve the paint or trim. It shouldn't, if all of the surfaces are still in their factory state. If they've been repainted, the new paint may be less durable than the original.

Go-Go Logo
The dealer from whom I purchased my 2005 Ford Explorer attached a chromed advertising logo on the rear of my vehicle. I'd like to remove it, but it's attached very firmly with double-sided tape. Is there a way to do this without causing damage to the paint? 
There are several products I've used. Whichever you choose, work somewhere warm, but out of the sun. Goo Gone will eventually soften the tape, but it might take a few hours. Lacquer thinner will work faster, but it evaporates rapidly; you'll need to keep the tape wetted for at least 10 minutes. The best product I've used for this is 3M Woodgrain & Stripe Remover. You'll find it at an auto parts store or paint store that caters to the automotive body shop or detailing business. This aerosol product will soften the tape fast. The factory enamel on your truck shouldn't be affected by any of these solvents, but I would keep these products away from rubber gaskets and plastic bumpers. Once the solvent works, you should be able to peel the logo off by hand. Try helping it along by sliding an old credit card underneath to slice the tape. Clean up the tape residue with more solvent or a 3M Stripe Off Wheel.

But if I were you, I'd just take it down to the dealer and make them take their advertising off my car.
Knock Three Times
My father has a 2003 VW Passat with the W8 engine, and he uses 89 octane fuel instead of the 91 recommended. He says the knock sensor will adjust the engine timing to prevent knocking and engine damage. I contend that even if the driver doesn't hear pinging, that doesn't mean that it's not occurring, and can lead to engine damage. Can this lower-octane fuel damage his engine?
Your father will not damage his engine running any gasoline he can get in the United States, which might be as low as 87 in some areas. The knock sensors (many engines have more than one because they are bolted to the head, not the block) will sense the rapidly building pressure waves caused by gasoline igniting prematurely inside the combustion chamber. The engine-management computer will retard this spark and prevent this condition. The system is good enough at this to preclude any damage. The downside is that fuel economy will suffer from the retarded timing, making his bargain low-grade fuel less of a bargain.
UNIT 14
PM: Saturday Mechanic - Replacing

Install new shocks with all the boots, bushings and bump stops in good shape, or you'll be doing it again soon.

SHOCK ABSORBERS DON'T ABSORB SHOCKS
What we incorrectly call shocks in the United States, the rest of the civilized world refers to more accurately as dampers. Your suspension, if it is working correctly, has little friction in its travel. Consequently, there's a tendency for the wheel to overshoot during normal up-and-down movement, which can make the vehicle bounce up and down for several cycles after a disturbance. Over large bumps, a poorly controlled axle can slam into either the top or bottom limits of its travel. Not only is this uncomfortable, it can make the vehicle difficult to control.

What's happening inside that shock ( damper, whatever) as your suspension scales that speed bump? A piston forces oil through carefully tuned orifices and valves as the wheel moves up into the wheel well. When you hit the top of the bump, a different set of valves allows the oil to return, resisting the spring's return force. At higher speeds, some additional orifices remain open to provide less resistance and a smoother ride.

As the miles pile on, the piston and its sealing rings wear, allowing more fluid to pass. The valves and their springs or spring washers wear out, permitting even more fluid flow. Eventually, the calibrated damping rates degrade, leaving you with too little damping for the spring rates, and a wallowy ride. In more extreme cases, the seal around the piston rod starts to leak, allowing oil to escape. Since there are only a few ounces of oil inside, almost any evidence of leaking oil on the outside of a shock makes it a candidate for immediate replacement. Always replace both shocks on one end of the car at a time, or you'll wind up going over that speed bump in a corkscrewing motion as one side of the vehicle responds differently than the other.

ONE TUBE, OR TWO?
Traditional shocks have used two concentric tubes, one to act as a reservoir for hydraulic fluid. Recently, single-tube shocks (aka gas shocks) have become more popular. These types use an inert gas under high pressure (200-plus psi) to prevent aeration of the fluid under rough conditions. This slightly more expensive design has a superior (albeit stiffer) ride, and one odd feature--single-tube shocks tend to extend themselves to their full travel when not installed. They're shipped with a strap of some sort to keep their damper rods retracted, to prevent damage and to make the packaging smaller.

Loosen any wires or brake lines tethered to the front shock before you remove anything else. Lower bolts may also be the suspension's camber adjustment. Mark them before disassembly so you can get close later. 

The upper shock mount goes through a large bushing and maybe even a bearing. Check for deterioration. 

OPTIONS
For the most part, replacing shock absorbers is a straightforward remove-and-replace. It's accomplished with simple hand tools and some elbow grease. Unless, that is, your vehicle uses coil-over struts. These require the use of a spring compressor and may prove a more difficult job than the average Saturday mechanic wants to bite off. You'll need to rent or borrow the compressor, which will allow you to take all the tension off the coil spring while you change the strut or its innards. Warning! Compressed springs have enough stored force to lift a car--or enough to exit the wheel well with considerable velocity if the spring compressor slips, which the tool has a tendency to do. If something important-like your face-is in the way, damage can occur.

There are a couple of alternatives. Most vehicles allow you to remove the entire strut with the spring still attached. You can then take the strut to a shop and have a mechanic swap the shock out. A better solution might be a Monroe Quick Strut. It's a complete preassembled unit, including top bearing, all ready to swap for the old unit. Good idea, especially if your car has high mileage or one of the springs has started to sack out and let that corner droop.

As always, check a good service manual for your vehicle to see if there are any serious hurdles before taking something apart.
GETTING DIRTY

Start by blocking the wheels to the front and rear. Loosen all the lug nuts on whichever end of the car you're doing first. Now jack up the car and secure it on stands. You'll be twisting big bolts with a lot of force while working partly under the car: Be certain it won't fall off. Cement blocks are not an acceptable substitute for proper jackstands. They're way too brittle and prone to suddenly returning to their gravelly ancestry when provoked.
No floor jack? You can use the car's scissors jack to lift it far enough one corner at a time.

Remove the wheel. If you're changing a rear shock, it's usually only necessary to remove the hardware at the top and bottom. You may need to dive into the trunk or hatchback to remove the upper bolt, which might even mean removing or displacing some interior parts to access it. Loosen the top and bottom bolts. Before you remove them, however, hold up the suspension with a jack to keep it from drooping under the pressure from the spring. Check the bushings and the bump stop. Most shocks will come with fresh hardware, locknuts and rubber bushings, which I recommend replacing even if the old ones look fine.

The fronts generally represent a stiffer challenge. You'll probably need to remove a clip to free up the brake line. Late-model cars may have ABS sensor wiring that also needs to be dealt with. Work carefully and avoid damaging the brake line or wiring. Now you can jack up the suspension. If your vehicle makes its camber adjustment at the strut/shock bottom attachment bolts with integral eccentric washers, mark the index position of the bolts for later.

Remove the upper bolt from the shock's central damper rod and remove the shock from the vehicle. Important: Now you can check the upper bearing, if you have one, for wear. That may have been the source of that thumping noise you thought was a bad ball joint. On many front suspensions, the steering pivots in this bearing, and if it's worn, bad things will happen whenever you steer.

Now thoroughly inspect each bump stop, which may be either a pillow- or cone-shaped chunk of black rubber between the control arm and the frame, or perhaps a doughnut surrounding the damper rod hiding under a weather boot. If it's deteriorated, you must replace it to prevent damage to the new shock caused by overtravel. Oil leaking from the shock body or from the engine is usually tough on these rubber bumpers. If they are oily, out they go. While you're under there, check the ball joints, tie rod ends and CV joints as well.

Buttoning up
You'll probably need to use the jack holding the suspension up to let you push the upper damper rod back into its bearing or bushing. And don't forget to torque the wheel lug nuts with a proper torque wrench. If your camber adjustments have been disturbed, you'll need to have the front end realigned.

Support the suspension from the bottom before removing this upper shock mount to prevent the suspension from falling. 

The lower mounting bushing is prone to damage and deterioration from road salt and debris. 

UNIT 15
PM: Saturday Mechanic - Replacing Light Bulbs

You've just had a brief discussion with a police officer about not signaling a right turn. And to his credit he didn't ticket you with a moving violation--but you are holding a fix-it ticket for a burned-out light bulb. The ticket says you have 10 days to fix the bulb, drive over to the police station and get it voided.

LEFTY LOOSEY, RIGHTY TIGHTY
Screwdriver in hand, you grab a spare bulb from that jelly jar on the garage shelf and head out to the driveway to pop it in. Perched on a milk crate, you prepare to unscrew the lens to access the socket.

No screws.

The lens, which encompasses a tremendous amount of real estate on the back end of your vehicle, has no visible means of removal. Huh? How do you get this thing apart?

This SUV taillight assembly has to be removed from the vehicle before you can access the bulbs. After the assembly is free, unscrew the sockets 90°. These bulbs simply plug into the sockets. It should be easy to spot the bad bulb. 

Modern cars have pretty much abandoned external fasteners. You'll need to open the trunk and look inside. Wagons, minivans and higher-end cars may have an access panel to remove, as well. Armed with a flashlight, you can see the inside of the lamp housing; the method of attaching it to the vehicle's body should be obvious.

However, do not remove the housing from the vehicle right away. Many vehicles use removable sockets that simply unscrew 90°, allowing you to leave the housing in place. If this is the case with your vehicle, you can pop in a new bulb without using any tools.

Or, you may not be so lucky, and you'll have to remove a couple of fasteners and pull the assembly free. The fasteners may be simple plastic wingnuts (easy) or some screws (less easy). We worked on one minivan that used two screws and two over-center suitcase-type latches buried under the rubber gasket for the rear window (hard).

WHICH BULB?
There are a variety of lamp bases and sockets in use today. Your owner's manual will have a list of the correct bulbs to use for replacements. There also should be a catalog from the lamp manufacturer hanging on a string next to the lamp display at the auto parts department. Don't substitute--lamps that look identical may not be identical. Putting a 32-watt lamp into a socket intended for a 21-watt brake light may not immediately blow the circuit breaker. But, combine a hot, sunny day with a traffic jam that keeps your foot on the brakes for extended periods of time and you may have a meltdown of the plastic fixture. Using too small a bulb in a marker lamp may lead another driver to think you're farther away than you really are.

LEDs
There are plenty of aftermarket LED-based replacements for conventional lamps, and many vehicles now use LEDs as original equipment. The advantages are numerous--lower current drain, less heat and longer lamp life. Another, perhaps more important advantage: LEDs illuminate immediately. Conventional bulbs can take as long as 500 milliseconds to come to full brightness. At 60 mph, that's 44 ft. sooner that the car behind you can see your LED brake lights go on--which could easily make the difference between a safe stop and a pretty good rear-ender. Remember, the 60-to-0-mph stopping distance of most of the cars and trucks we test is between 110 and 150 ft.

Not all aftermarket LED bulbs are alike. We've seen some touted as drop-in replacements that were substantially dimmer than a conventional lamp. Check the lumen output.

This bulb lost its brass base as we tried to unscrew it. Now we'll have to use pliers to remove the base from the socket. 

One common error is to replace an 1157 bulb (two filaments) with a similar single-filament1156. 
Note that the retaining pins are located in different places.
MARKER LAMPS 
Exterior marker lamps live in a brutal environment bathed in a constant stream of water, mud and road salt. Be sure to clean up the entire socket assembly whenever you need to access one of these lamps. Be particularly careful about replacing the rubber dust boot over the back of the socket's wiring. If the lens is cracked, it will leak water into the assembly, corroding the reflector and the socket. Repair (with ordinary model cement or Super Glue) any cracked lenses.

GREASE UP
Whenever you install any automotive lamp (except a headlamp bulb), cover the bulb's exterior socket and contacts with a generous coating of dielectric grease, lithium chassis grease or petroleum jelly. This will exclude water from the contacts, preventing corrosion. A corroded socket may not release the bulb readily, forcing you to dissect the socket to remove the remains of a broken bulb.
Fashion in auto lighting being what it is today, you may need to use amber-colored lamps behind clear lenses. Fortunately, they're easy to come by. Stick with clear lamps behind amber-colored lenses, though.

INTERIOR BULBS

Dome lights, trunk lights and most interior lamps are easy to access-often requiring no tools. Just pry the lens off and plug in a new lamp.

Under-dash lamps rarely burn out, and it's a good thing. Tearing out a dash panel to replace components is one of the worst jobs a mechanic can perform. If you're lucky, the bulb will be in an area you can access without removing anything. And yes, the owner's manual shows the locations of the bulbs. Later-model cars use a bulb that incorporates a socket, which bayonets into a hole in the dash's printed circuit board. They're pricey at the dealer, but the aftermarket has come to the rescue with a separate socket-and-bulb assembly for less money. Now you can replace only the bulb if necessary-although if you're blowing lots of instrument-panel bulbs, start looking for excess voltage produced by the car's electrical system.

Dashboard bulbs bayonet directly into the printed circuit board behind the instruments. Just try getting to them. 

UNIT 16                       Saturday Mechanic: Turn Up Your Heater

It's colder than a witch's belt buckle outside, so you gulp down some hot coffee, dash to the car, start the engine and run inside. Although you know engine idling isn't a great way to warm up an engine, comfort counts most on a cold morning. Once embarked on your morning commute, you turn the heater control up to Hot and flip the blower switch. The effect of the hot coffee has worn off, but you're not getting enough heat from the floor registers to make up for it. In fact, the windows start to frost over.

Your heater system is under-performing. You plan to tear into it as soon as you can get the car into a heated garage.

First step: Confirm the problem by driving long enough to warm up the engine. Turn the heater control to Hot, select the floor mode and set the blower to medium/high speed. Make sure there's strong airflow from the floor registers. Check the temperature with a thermometer inserted into the driver's and passenger's registers. Although many vehicles deliver a toasty 135° to 155°, 115° to 120° is acceptable. If the air temperature is okay but airflow is weak, the problem is the blower or a dashboard ductwork problem.

Heater register temperatures not even close to 115° to 120°? Check factory service bulletins to see if there's a known problem (at the vehicle maker's technical service Web site or at www.alldatadiy.com). If nothing applies, do an underhood inspection.

• The coolant level in the reservoir (and radiator if it has the pressure cap) should be at specs. The coolant should look clean and have been regularly changed within the specified interval. If it's been neglected, all bets are off.

• Cabin heat comes from hot coolant, so drive long enough to warm up the engine. The coolant temperature should hit at least 160°, preferably 180° to 220°.

• The air conditioner compressor should be disengaged with the climate control selector out of the defrost position. If it's engaged, there's an a/c circuit problem.

• If coolant temperature is acceptable, feel both heater hoses, which should be hot. They are? Check the temperature-control flap-door operation in the under-dash heater-a/c case. 
Dangle the thermostat in hot water while you monitor the temperature. The 'stat will drop off as the water rises above the 'stat's actual (rather than rated) actuation temp.         
Remove or open any air bleed plugs on the block or heads while refilling the engine to purge any air in the system. 
If you have automatic temperature control, there may be built-in diagnostics you can access for trouble codes covering the temperature control door. (Refer to a service manual, factory tech service Web site or www.alldatadiy.com.) On many cars you can watch the temperature-door motor and shaft operation by removing an under-dash panel and/or lowering the glovebox. (Here again, you'll have to check a manual or Web site for instructions.) If you don't see and/or feel the motor or flap-door shaft operate as you change the temperature reading, you've pinpointed the problem. In many cases, the flap-door shaft breaks and the assembly must be replaced, but the motor is good and can be reused.

On econocars with manual a/c, the temperature flap may be controlled by a cable from the dashboard lever or knob. Operate it quickly in each direction and listen for a soft slam against a stop. If you feel binding, the cable is kinked or the flap is jammed. Total free play? The cable is loose or disconnected, or the flap is broken. Nothing's obviously wrong? There may be air pockets in the cooling system--these commonly develop over time. If there's a pressure cap on the radiator or engine and a low coolant level in the radiator, but the level in the reservoir is normal, a defective gasket in the cap is admitting air. Replace the cap.

Top up the system and purge air, following the vehicle maker's specific procedure.

As a generic approach, start with the engine cold, all bleed valves open, and the side of the vehicle with the coolant neck jacked up as high as possible. This raises the fill neck to the high point, so air bubbles out. Slowly add a 50/50 antifreeze/water mixture to the fill neck. You'll see some coolant (and perhaps air bubbles) oozing out of the bleeders. Close the bleeders, refit the pressure cap, and run the engine at about 2500 rpm until it's warmed up (or as warm as it will get). Allow the engine to cool down, then repeat the top-up procedure. You may have to repeat this every few days over a week to get most of the air out.

Coolant temperature too low? On vehicles with a clutch-type fan on the engine, make sure the clutch is not locked up. Spin it by hand (with the engine off but warmed up). If there's virtually no slippage, the clutch is defective. If it spins two to three times, it's probably okay.

Could someone have removed the thermostat, probably trying to remedy an overheating situation? That's a very bad idea, not to mention the fact that it is illegal to tamper with emissions controls.

No fan operation problem and coolant temperature is very low? If you've neglected your system, the thermostat might be stuck open from debris. If it's really buried, pour in a cooling system cleaner and run the car per the instructions. Then, do a triple drain-and-refill of the radiator and engine block, and go through the air-bleeding top-up process. If coolant temperature remains low, bite the bullet and remove the thermostat for a test.

If the access to the 'stat isn't bad, hold off on the drain-and-refill, and pull the 'stat for a look and a test. Clean if necessary, but before putting it back refit the 'stat housing, then run a cleaner through the system. Then do the triple drain-and-refill, and test the thermostat before you decide to reinstall.

Simply blocking the radiator can make your car warm up faster in extremely cold weather. 
Check for good vacuum supply to the heater's control valve. If it's good, check the valve itself for proper operation. 

Testing: Wedge a 0.002-in. feeler between the closed 'stat valve and its seat, then submerge the 'stat in a pot of water on a stove. Rest a radiator thermometer in the water, heat the water to boiling, and note the temperature at which the thermostat cracks open--it will drop off the feeler at its rated temperature.

Some engines, particularly transverse four-cylinders, radiate so much heat so fast that there's no internal fix for extremely cold weather. It may not be an elegant solution, but put a piece of cardboard against the front of the radiator, blocking about half of the surface area. Trim it back if the engine starts running hot. Remember to remove the cardboard in the spring.

Coolant temperature reading is normal, but one or both hoses are not hot? Refer to a service manual or Web site to identify the heater inlet versus outlet hose.

Neither hose is warm? Many cars have a heater coolant shutoff valve spliced into the heater inlet valve for better a/c performance in summer. If the shutoff valve fails to open fully, the flow to the heater will be restricted. Vacuum operated? Disconnect the hose. If you feel vacuum (with some valves you'll also see the linkage move), the valve is being held open by a defective vacuum control. Leave the hose disconnected (plug the end with a golf tee) and see if that cures the problem. If it doesn't, the shutoff valve is stuck. Replace it. If the valve is cable controlled, you should see the valve shaft move continuously as the dashboard temperature lever is operated. If it doesn't or if it moves just slightly, the cable needs adjustment. Note: The VW Golf and Jetta have a cable-type valve, but it opens proportionally to the flow of hot coolant as needed-there are no flaps in the dash.

On some other European cars and on the Lincoln LS, the valve works similarly to the VW's, but it's electronically controlled. Quick test: Unplugging the electrically controlled type should force the system to full heat. If the heater inlet hose is noticeably warmer than the outlet, the heater core is restricted from debris in old coolant or from excessive use of sealer. First, try to reverse-flush the heater core. Do this by either disconnecting both heater hoses from the heater necks on the cowl and attaching spare hoses, or by disconnecting both heater hoses at the engine. (Clamp off the heater hoses if you're using spare hoses; plug the engine hose necks if you're disconnecting there.) Force a garden hose into the heater outlet hose, aim the inlet hose away from the vehicle, and open the bibcock. If the debris flows out and you eventually see a healthy flow of coolant, you may have caught a break. Otherwise, you've got to replace the heater core.                                                                                                                       

If heater performance during highway operation is all right but it really drops off in low-speed driving, there's a cooling system flow problem. Some systems have a hose restrictor in the inlet hose, and if it gets plugged with debris, that lowers the flow. You should find this by feeling along the inlet hose with the engine idling. (You'll reach a section where the temperature significantly drops.) A few engines (on the Dodge Durango, Lincoln LS and a number of German cars) have auxiliary water pumps to improve coolant flow at low speed/idle. If the pump fails, heater output drops during that operation. Of course, if the cooling system was long neglected, it's possible the engine water pump has eroded internally, reducing coolant flow. 

UNIT 17
Saturday Mechanic: Changing Your Oil And Filter

The line at the quick-lube goes around the building and nearly to the street. But the auto parts store parking lot is empty--now's your chance to show the wife that it really is cheaper and easier to change your own oil. Especially after watching the grease-stained quick-lube mechanic through the bay doors for a couple of oil changes. Air wrenches on the oil-drain plug? Even though you realize that cars have changed since you got out of the habit of changing your own, they haven't changed that much.

All Jacked Up
Jacking up the front of the car and putting it on safety stands is still the first step, and placing the drain pan under the oil-drain plug is the second. Okay, you're ready to loosen the plug, but it's really tight. That mechanic with his air wrench apparently was the last one to tighten it. Drain plugs typically have a soft metal washer or a sealing washer with a rubber insert. Use a properly fitting box wrench or a 6-point socket wrench to remove the plug. Be careful not to rock the socket to the side as this could damage the flats on the bolt.
This permanent filter with a replaceable element is becoming more common on late-model cars. You need to replace only the inner filter element, not the entire cartridge. 

If putting the car up on stands doesn't leave you enough underbody space to get adequate leverage, you can use a 4-way lug wrench provided it has the proper end. This will allow you to twist the bolt without adding any side thrust, and you'll be able to use both hands and all of your upper-body strength. Remain calm, have patience and you'll get it loose.

But of course, life isn't easy. The threads in the pan and on the plug are damaged, perhaps from partial cross-threading. What to do now? Forget the drain plug and get a repair kit. A typical kit has a replacement fitting that cuts deeper threads, and when tightened, it seals against a washer and remains in place. Some kits cut fresh, deeper threads for a new plug. A hexhead brass cap with an O-ring seal threads onto the end. When it's time to change the oil, you unthread the cap. Others (for odd-size, severely damaged holes) are fat, cone-shaped synthetic rubber plugs larger than the drain-plug hole. You force a special rod into an opening in the cone, which temporarily stretches it and reduces its diameter, allowing it to fit in the hole. Withdraw the rod, and the cone relaxes and seals the hole--the cone won't come out until you force in that rod to stretch it.
If the drain plug looks marginal, consider installing a Fram oil-drain valve kit. These are available for the most common types of drain-plug holes. Thread a spring-loaded valve assembly with a copper washer into the hole and tighten. The valve is the primary oil seal, and a knurled cap threads on fingertight against an O-ring--this keeps out dirt.

When it's time to drain oil, unthread the cap and thread on a fitting with a drain hose, which you can aim right into the pan (no splatter and no hot oil running down your arm). The hose fitting has an internal tip that pushes open the spring-loaded valve, and the oil drains out. When the pan is drained, unthread the hose fitting (the valve springs shut), reinstall the fingertight cap and you're good to go (after changing the filter and putting fresh oil in the engine, of course). If the drain plug is okay and you want to reuse it, replace the washer and then tighten the plug to specifications--20 ft.-lb. to perhaps 35 ft.-lb.--depending on the size of the plug.

Empty the drained oil into a suitable container. (In my area, the county gives away flat jugs with a giant built-in funnel.) When the jug is full, take the oil to the store where you bought the new oil to be emptied into an oil-recycling tank. Many states require service stations to take small quantities of old oil. Dumping oil in that low spot behind the shed or into the sink is not acceptable--and probably is illegal where you live.

A simple band wrench may be all that's necessary to remove a canister filter. Make sure you have enough room to swing the wrench. A spider-style wrench may be more suitable for filters that are not easily accessible. 

Off With The Filter
When removing an oil filter, what you need more than anything is the appropriate wrench. There are many sizes, and perhaps the most common answer is the cap wrench, which fits on the end of the filter. Only problem: The wrench fits against a fluted pattern and there are countless fluted patterns. So not only do you need the right size, but the right internal shape to fit the flutes. The one that fits the filter on your car now, we should warn you, may not fit the replacement filter you buy.

Sometimes the end of a filter has a hexnut in the center, so you could use a conventional wrench. If you can't find the right size and shape cap wrench, try one of the following:                
        Nylon band wrench. This universal tool wraps a band around the filter tightly.
        Coil-spring wrench. It fits over the end of the conventional spin-on filter, and the band coil extends to near the filter's base. 
Turn the end with a wrench and the coils tighten around the entire filter. 
        Spring-band wrench. This wrench fits over the end of the filter and extends just past the flutes. 
 A "spider" has three fluted legs that clamp against the spin-on cartridge and "dig in," preventing slippage. It has an end plate for a ratchet, and because the spider legs extend 2-1/2 in., they grip well past the outer end of the filter. This design provides well-distributed gripping power.
         It is possible to loosen a badly stuck filter with a good filter wrench. How about driving a big screwdriver through the spin-on cartridge and using that to loosen a stuck filter? You're more likely to destroy the cartridge and still not loosen the filter.

Have the drain pan in place, sitting on a spread of newspapers or an oil-absorbent pad--just in case. Once the filter is loosened, oil may start flowing to the ground.

Unthread the filter and carefully empty it into the drain pan.

Refilling
Apply a film of clean engine oil to the gasket of the new filter, then thread the filter on by hand. Some filters have a rubberized surface to make it easy to turn. Every reputable oil filter is designed to seal for tens of thousands of miles with no more than a good hand-tightening. You don't need a wrench unless you have one of those deeply recessed filters with no space around it for your hands. (If that's the case, the only choice is a cap wrench.) Turn the filter until you feel the filter base just make contact with its mounting plate. Then use the wrench to tighten a half-turn more.

If you haven't bought engine oil in a while, you may be confused by the choices. For a little friendly advice, see "What's That Starburst?" below.

This filter has a rubberized area to provide for tightening by hand. 

This simple rubber plug can rescue a stripped-out oil-drain-plug hole. Insert the rod to install and remove it. 
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