This story handles what you can do with the head, after you've taken it of the engine. 

	



	This is how the head looks, the moment you've taken it off the block. Or it looks quite like it. As you can see, there is quite some rust, dirt and carbon in the head. The valves look ugly as well, and the whole head is covered with gasket material. It's not a very smart idea to put it back on the block the way it came off, especially not when you plan on getting the HKS metal headgasket on your engine. So let's see what we can do with the head.

	First thing to remove is the EGR cooler. I assume you won't put it back on your car, unless you live in California and you have to pass the yearly emission checks. Over here in Holland you will pass without the EGR system, so this is a good idea. You really don't need the EGR system and removing it removes weight from the vehicle as well. And that's good for you gas mileage, so saves the environment! Yeah right ;-) Note the EGR system only limits the NOx gasses on idle. It does not help CO, CO2 or CH emission checks. In the Netherlands, cars before 1992 must only pass CO checks, so the EGR system is not needed here. Please check how this applies in your country before removing! An other arguments for removing the EGR system is preventing the intake manifold from getting black on the inside (bad airflow after loads of miles) 
	



	


	Now remove the intake manifold from the head. Be careful; under the intake manifold is a VSV; Vacuum Switching Valve. The little air filter on these valves is quite fragile and you can easily brake it off. Note that the VSV to the front of the engine (tied to the head, the one you need to remove now) is for the fuel pressure control system (assisting with very warm starts e.g. heat soaks) the VSV to the rear of the engine (tied to the upper part of the intake manifold, already removed now) is for the EGR system and can be tossed away.

	Next easy thing is remove the cam position sensor, if you haven't done so already. The cam position sensor is on the head with only one bolt, which you normally loosen when you adjust the timing. If you remove this bolt you can pull the CPS out easily. Just twist and pull a couple of times and it's out! Note the rubber ring on the CPS, this ring is normally worn (after 9+ years blocking off the oil). Whenever you pull this thing off, make sure to replace the rubber O ring!
	



	


	Now remove the water housing, which is located next to the cam position sensor. If you look at the gasket in the picture on the left, you see WHY you have to remove the water outlet housing. As this is very close to the exhaust it suffers a lot from the excessive heat. Very good idea to replace this.

	Now the head is about clear, except for the valves. To be able to remove the valves, you first need to remove all the valve shims. In a 'normal' situation these can be pulled out by hand easily. Arrange all shims in correct order, so adjusting the valves when putting the head together will be much easier. Arranging the valves is not an easy job! This can be best done in some kind of drawer system, where every drawing contains the valve with all related parts. See pictures below.
	



	


	To remove the valves from the head, you need a valve spring compressor. Note that not any ordinary valve spring compressor fits. You need a decent one with a 'big' mouth. The one I got is from 'FACOM' if I remember correctly. 

	Now set the spring compressor on the first valve to be removed. Take extra caution not to scratch the surface of the head (the side with the head gasket). The head is of soft material (aluminum) and can easily be damaged. Take your time for this job, just as any job you're doing on your own car. Make sure the valve compressor is on the valve (down there) and the head of the compressor fits perfectly on the top ring, just as shown in the below picture on the right.
	



	
	



	


	Now when you compress the valve spring by turning the valve compressor screw, you will notice two little metal pieces, which hold the valve to the top valve spring retainer. Compress the spring as much as needed to be able to remove these metal pieces (so called valve spring retainer lock) with needle nose pliers. Drop them together with the adjustment shim and the next to remove items in the little drawer or box or whatever you got 24 of.

	When the retainer locks are removed with the needle nose pliers, you can remove the top valve retainer and the valve spring by hand. Just drop them all together in the box. Take good care of this, the whole assembly is a matched set and it's not a good idea to get everything mixed up!
	



	


	Now pressing the valve on top gently will slide it out. The valve comes out the head on the bottom (of course). Pull the valve out gently, don't bend the valve. You will either break the valve or the valve stem inside the head!

	When the valve is removed from the head there are two little things still left inside the head that need to be removed. These two things are quite hard to remove though. The first item is a little ring, the bottom valve spring seat, which tends to be sucked fastened in the head by all the engine oil. With a little pair of pliers it can be removed. The second item is this oil seal on the right hand picture. These seals are either worn or totally worn on the 7M because of the temperatures of the engine. A must replace when the head is off and there is a considerable amount of miles on these seals.
	



	
What can be done to the head at the machine shop? 

OHead Job 1. Resurfacing
The standard / normal head work to a car is resurfacing. When the head is resurfaced, the surface of the head is 'flattened'. Flattening the head is needed to have the head seal up the head gasket in the right way to the block. The head gets bent because of the constant heating and cooling down when the car is in use. A nice 'side effect' of resurfacing the head is that it gets completely clean from any gasket deposits. Normal gasket cleaner won't get the head as clean. To check if the head of your engine needs resurfacing, use a perfect straight metal ruler on the head. Check if the head is still straight, as illustrated in the pictures.se. A nice 'side effect' of resurfacing heck if the head of your engine needs resurfacing, use a perfect straight metal ruler on the head. Check if the head is still straight, as illustrated in the pictures.

	


	



	The Toyota specification says the warpage may not be any higher than 0.1 millimeters. The head in the picture needs resurfacing, the warpage is 0.2 millimeters. Measuring the warpage must be on both 'sides' of the head, in the middle and diagonally. 

Important note: You cannot cut off as much from the head as you need to have it straight. Toyota even advices to replace the head when the warpage is more than 0.1 millimeter (e.g. not resurface it). There are two main reasons for this and a couple of other unimportant reasons. First reason is, the cams are in the head in a slightly bend way as well. This is compensated when you bolt the head to the block. The block gets flattened and the cams are perfectly straight in the head. When you have the block resurfaced, the cams are no longer perfectly straight in the head and you will have warpage there. You can have this fixed by having the cam seats redone, but I wouldn't go that far.  Second reason for not having the head resurfaced is, the head will be 'closer' to the block, e.g. the compression of the mixture will be higher. This will firstly result in better performance, but when the compression is too high, you will get detonation. When you go 'very far' with flattening the head, you may have the risk of the pistons hit the valves when you haven't put the timing belt on. This is 'normal' with very high compression engines, like some Hondas. This just requires you to take extra care when handling the engine. To compensate the higher compression, you can have two solutions. The easy solution is having a thicker head gasket. An other solution is having the pistons machined. Last reason worth mentioning why not the resurface the head (too much) is the timing can be screwed up a little, but this is only when the head lowers about a millimeter or something. This is because of the length of the timing belt. 

General costs of resurfacing the head of the 7M engine is around 40 dollar (or 100 Dutch Guilders). I paid 105 guilders. A friend of mine paid 75 guilders (cheap) and another paid 150 guilders (expensive).

Head Job 2. Tri-angular valve job
While using the car, especially at high rev's, the valves constantly bounce into the head by the valve springs. This will lead to unwanted warpage or wear at the valve seats. This warpage can be so big that the valves start to leak. A leaking valve is no valve and needs to be fixed. This job to the head is called a tri angular valve job, because of the three angles from the valve that need to be remade into the valve seat. The job is not really difficult but it is quite some work, especially depending on the tools available at the engine shop. Prices range from 250 dollar to up to 700 dollar. The machine shop can easily determine whether your head requires this job or not. When applying the right pressure to the valve they suck the port vacuum. When the valve leaks, the seat needs to be machined. High mileage engines normally are in need of such a job, especially on manual shifted engines. (because of the higher RPM generally speaking)

Head Job 3. Head (port) polishing
Polishing is a rather easy job, but can be quite time consuming. Polishing must not be applied to the head only, but also to the (intake) manifold. When polishing these items you are polishing them (obviously) on the inside. This will reduce the turbulence inside all pipes and in return gives you some extra horsepower. I would say, normally not needed unless you're building the super power engine mankind is waiting for, or you have plenty of time or money.

Head Job 4. Port matching (or port widening)
These two methods are placed together because it's the same trick. With port matching the (intake) ports on the head are 'matched' with both the gasket and the intake manifold, to limit the turbulence (again) and thus having the straightest airflow possible. Widening would be about the same trick, but ports are not only matched but made bigger as well, again to improve the flow of air.

Head Job 5. Bigger valves
This is a very 'big' job to the engine's head and normally needs only to be applied when you're aiming over 550 hp on the 7M. It is however possible on the engine. Replacing the valves with bigger ones needs quite some grinding. The valves that needs to be replaced first are the exhaust valves. You will feel that power increase first (if you feel anything above 550 hp). 

Head Job 6. Valve springs
Generally speaking you only replace the valve springs on the 7M for moving the redline a couple of hundred RPMs higher. On other engines you can gain extra power by having the cams replaced (lift and angle etc.) but this is not really applicable to the 7M (except for head job #7) as the stock cams are already good performers.. Furthermore those cam replacements only work with higher RPMs, so that makes the circle round. It is quite obvious you need to hack into your ECT computer when you want to move the redline higher on an automatic car. Or do you guys need to go faster than 300 km / hour ? 

Head Job 7. Replace cams
When you take aftermarket cams compared to stock cams, there can be various differences. Generally speaking, aftermarket cams have higher lift and/or longer duration. Longer duration often means overlap, depending on timing (lobe separation) between intake and exhaust cams (lobes). Note that too much overlap on a blown engine (turbo / supercharged) is not very handy. When the overlap is too high, the mixture will be blown out of the combustion chamber through the open exhaust cams, before it can be detonated! You can have the cams machined (even balanced if you want to), but you will not get much power out of the stock 7M-GTE cams. Yes, you can move the power around, but gaining is not really possible. A modification to the cams often applied, is replacing the intake cam with one from a normally aspirated engine. This cam has an other lift / overlap ratio and will gain you some extra horsepower. Note that the exhaust cam on the 7M-GTE is identical to the 7M-GE (90501-33011). There are three flavors of intake cams for the 7M engines:

13501-42010

7M-GTE intake cam

08-88 - 05-93

13501-42020

7M-GE intake cam

08-88 - 08-89 in Europe

13501-42030

7M-GE intake cam

08-89 - 05-93 in Europe

08-88 - 05-93 rest of the World

As you can see in the table above, some parts of Europe had special intake cams during a short period. These were the parts in Europe that didn't have very strict emission regulations. It can be very well true, this cam had even bigger overlap than the later introduced cam. I can only guess this, cause I don't have the cams at hand. If anyone can shine a light on this, please do so by emailing your thoughts or experiences to: arnout@supras.nl So to recap the story: NA cams are a cheap upgrade, so try it some day and tell me how it feels! oh by the way, I got an N/A intake cam myself as well, I'll put the results online some day.

Head Job 8. valve guides
This head job is another 'maintenance' job, not a performance / tuning job. Sometimes it can be possible the valve guide bushings are worn or broken. They can break when a valve is bent or something. This normally doesn't happen on the 7M-GTE, but well, you never know! The valve guide bushings can be ordered in an oversize as well, so the machine shop can make the whole a little bit bigger when needed. I advice to have the valve guides replaced, instead of doing it yourself. Note that most often, if you need to replace the valve guides, you do not require to use the oversize.

Head Job 9. cc-ing the chambers
The last job mentioned on this page is a kind of performance job. Cc-ing the chambers is done to get the engine completely balanced. Balancing is started with getting all rotational and moving weights balaced (crank, pistons and rods). The next thing to 'balance' is getting all combustion chambers (cylinders) to exactly the same compression and volume. This is done so the engine is completely balanced. Cc-ing the head is normally performed by the engine shop. You cannot really do it yourself.  

Getting the stuff back together 

When the head is taken to the machine shop, and everything is cleaned, polished etc. etc. it's time to get it together. 

	


	Some people are real freaks and want it as clean as a medical room. Painting all parts always helps in achieving that. Make sure the engine parts are completely clean of dust, sand and oil or other grease. Sand can be best removed with water, oil with some gasoline and the greasy stuff and fingerprints with ammonia. Make sure you do not paint the gasket surfaces!!! 

	This is how you get your head back. Nicely resurfaced and cleaned. We can start to rebuild the head again!
	



	


	Pick the first valve (I know you've stored them all separately). Dip the tip of the valve stem in engine oil. If it's about sex or when assembling moving parts there is one big rule of the thumb: You cannot lubricate too much!! 

Insert the valve into the head in the right position.

 

	Now put the new valve seal gently over the valve stem. Do it very gently so you don't damage the rubber and you don't remove the spring. Make sure there is plenty of thread lubrication oil. It is easiest when you rotate the seal while putting it on the valve stem.
	



	


	Now take a socket size '14 mm' from your set and use it to gently press the valve seal down.

	When you feel the valve seal is at the valve stem, use your thumb to press the valve seal gently around the valve stem. You will feel two clicks. The first is accomplished with very very low force, so it's a matter of doing this very gently. The next click needs a little bit more pressure, but not very much either. (No brute force).
	



	


	Now put the valve ring (valve seat) in position. This is a quite straightforward job and doesn't need that much explanation.

	Next part in the process of reassembling the head is the valve spring. Before you install the valve spring you must be sure it's still in optimal condition.
	



	


	Now that the valve spring is in, put the valve retainer on top of the spring. Another straightforward job, I would say. Hey Arnout, clean your nails next time for the picture, please.

	Now put the spring compressor on the whole assembly. Be careful not to scratch the gasket surface on the bottom of the head. The less scratches the better. Preferably none of course!
	



	


	Compress the spring until you are able to put the valve locks in. Gently uncompress the valve spring compressor and the valve is in!!

	The valve is installed. On to the next 23 valves! What a job. Why aren't we all driving mopeds without any valves!
	



	


	When all valves are installed, we put in the spark plugs. It doesn't really matter if you're putting the new or old plugs in, this is only for testing purposes. When the spark plugs are in, turn the head around and fill all combustion chambers with gasoline.  

If one chamber runs out very fast, or more than average, there could be some leak in one of the valves, for example dust or sand.

	As you might have noticed, the exhaust nuts don't really come off the bolts (studs). They are very rusted to them. It is definitely not a good idea to put these rusty bolts back in the head. Spend the extra few bucks you saved on new exhaust bolts (only those that came out of the head). Lubricate these bolts with the right lubrication oil, like the one you get with ARP bolts.
	



	


	Now put the intake manifold gasket on the intake side of the head. Align it gently on the head. 

	Connect the intake manifold to the head using the bolts and nuts. On the left you see the VSV (Vacuum Switching Valve) for the fuel pressure regulator (warm starts). Next to it is the coolant outlet for heating up the throttle body and the idle speed control valve. On the right, under the last two intake pipes is an engine harness stay.
	



	


	Now you can install all injectors. Put them on the head with new o-rings, grommets and other rubbers. To lubricate this, use some gasoline. That greatly helps the installation of the injectors. After you've installed the injectors, put the fuel rail on the injectors. Optionally reinstall the EGR cooler and valves. I did not, I just blocked them off with block off plates.


Well people, this is about all I can tell you about

