Buick 3.8 High Performance Turbo Engine Recommendations 
Updated 9/1/01

The following is a guideline of recommendations for the Buick 3.8 liter turbo engine. I hope this write-up is helpful in making decisions when you rebuild or modify your turbo V6. 

Oiling system 

One of the most critical aspects of any engine, your oiling system requires some special attention when modifying or rebuilding your turbo engine. 

Oil pump:
We always recommend a rebuilt oil pump and thrust plate with a minimum of 60 PSI @ 3000 RPM. We like to see 20 PSI @ hot idle in gear. Remember, the oil pump must create enough pressure to push oil into the center of the main journal & then out to each respective rod bearing journal while centrifugal force is trying to push the oil back out from the center of each main journal. If your pump lacks adequate pressure and volume, your rod bearings may starve for oil! In the case of the V6, we recommend using one of the available rebuilding kits with the new thrust plate. Keep in mind that the oil pump is supplying oil to the engine as well as the turbo, so upgrading the pump is really mandatory on these engines. 

In high performance street/strip motors, we suggest "blueprinting" the oil pump and timing Cover passages. Smoothing, deburring and enlarging passages will dramatically increase oil flow to your bearings in these engines. Specifically focus on the pump cover outlet (the rectangular slot) and the passage into the block (open to 1/2", 9/16" in race applications). Race applications will benefit from an external oil line running from the turbo oil supply fitting to the passenger side lifer oil galley in the rear of the block. The reasoning behind this external line is simple; you increase volume and pressure to the rear main and rod bearings because oil is now supplied from both ends of the oil galley rather than just from the front as is the case with the stock arrangement. Where the turbo feed fitting exits the block (front, passenger side) the block must first be drilled to 9/16" to the cam bearing then drilled 1" deep using a 19/32" bit, then threads tapped to 3/8" NPT to accommodate the new fitting and 3/8" external line. 

Oil Cooler:
Since the turbo is cooled by the oil in these engines, it is important to be sure the oil cooler is clear and functioning correctly. These engines will generate considerable crankcase heat if the cooler is not functioning correctly, so it is important to keep your radiator/transmission cooler/oil cooler in top working condition. In fact, upgrading to a 4 core radiator is good insurance against damaging your engine/transmission from excessive heat. 

Misc:
We recommend using 30W racing oil in these engines. Racing oils contain additional "anti-wear" chemistry and will help extend the life of your engine. We also suggest using a quality oil additive such as the products offered by Pro Blend or Pro Line. 

Cylinder heads/ Intake Manifolds:
The turbo cylinder heads have some inherent shortcomings when it comes to performance. We recommend ported cylinder heads or upgrading to an aftermarket cylinder head such as the Champion "GN1". However, we realize that ported or new cylinder heads do not fit into everyone’s budget. Below is a description of standard rebuild, bowl porting and fully ported cylinder heads: 

Performance rebuild:
Intake and exhaust seats cut using a 3-angle cutter. Bowl "hawg" used to open exhaust bowl throat. Valve springs replaced with Chevrolet "LT1" style springs. The stock valve springs in these engines are too soft (new seat pressure is 78lbs); the LT1 springs are better suited to the application without being too stiff (new seat pressure is 105lbs). New exhaust valves are installed, the exhaust guides are machined to accept valve seals and new "Viton" seals are installed. Intake and exhaust valves are undercut to enhance low lift airflow. 

Bowls & Chambers:
Intake and exhaust bowls are pored, reshaped and blended into the port; particular attention is focused on reshaping, blending and smoothing the short side radius, the area of the port where most of your flow gains are obtained. The combustion chamber is modified to remove any valve shrouding and finish polished. All other work is identical to performance rebuild described above. 

Fully ported:
Intake ports are completely ported and reshaped, port opening matched to gasket. Intake ports are further enlarged in the pushrod area to increase port cross sectional area. Intake and exhaust valve guides are streamlined and valve bowl is reshaped, smoothed and blended. Exhaust ports smoothed and reshaped. Intake and exhaust seats cut using a 3 angle cutter, seat tops are radius cut. Exhaust guides machined to accept valve seals, Manley "severe duty" intake (1.77") and exhaust (1.5") valves installed as well as "LT1" style valve springs. Exhaust crossover is filled and blended. Combustion chamber is modified to remove any valve shrouding and finish polished. New "Viton" valve seals installed on both intake and exhaust. Intake and exhaust valves are undercut to enhance low lift airflow. 

Two more considerations regarding cylinder heads; we recommend the use of either ARP professional series head bolts of ARP head studs…do not use stock head bolts! Also, we recommend having an "o-rings" machined into the cylinder head around each combustion chamber…this o-ring is used to keep the head gasket from shifting under extreme operating conditions. 

We highly recommend port matching the intake manifold with ported cylinder heads; once the intake ports are opened to match the intake gasket, it becomes apparent how restrictive the intake manifold runners are if left as cast. You will better utilize the flow potential of your cylinder heads by port matching the intake manifold. Pay close attention to the floor of the intake manifold; once on the motor, it will be quite apparent where material needs to be removed! 

Valvetrain components:

Valves:
In all instances, we recommend the use of stainless steel valves. The stock valve size is 1.71" on the intake and 1.5" exhaust diameter. If you are replacing the valves on stock heads, we recommend the Manley "severe duty" 1.71" intake and 1.5" exhaust valves. On ported heads we recommend upgrading to the 1.775" Manley "severe duty" intake valves. The Champion "GN1" heads use 1.9" intake and 1.6" exhaust valves. 

Rocker arms:
The stock rocker arm assemblies are fine for most street/strip applications. The original rocker arms are reasonably strong and will work fine with most milder camshafts that utilize the "LT1" valve spring. There are plenty of cars running 10 second quarter miles with stock rocker arms, so I would invest my money in other parts before spending the big dollars for roller rocker arms. That said, the reduced friction will translate to a few extra horsepower and lower oil temperature…so if your car has all of the other "bells & whistles" and your budget will allow, you will see some gains running roller rocker arms on your motor even in mild street applications. Keep in mind that factory heads will require modifications to the rocker arm pedestals for roller rocker arms to fit! 

Larger camshafts (cams with more than .500" valve lift or more than 230 duration measured @ .050" valve lift), extreme boost levels (over 30lbs. of boost) and higher valve spring pressures (open spring pressures that exceed 275lbs) will necessitate upgrading to roller rocker arms. Also, some roller cam applications that fall below the above criteria none the less create high enough valvetrain loads to warrant upgrading to roller rocker arms…when purchasing a roller camshaft, consult with the cam manufacturer for their recommendation on rocker arms. When using Champion cylinder heads, we always recommend the use of roller rocker arms. 

Pushrods:
When using roller rocker arms, we recommend upgrading to chromoly pushrods. The Champion heads require different length pushrods (8.4") as do roller rocker arms on production cylinder heads. 

Retainers, keepers, springs:
We recommend the use of quality aftermarket chromoly retainers and hardened keepers when using stiffer valve springs than the "LT1" springs. Never use stamped keepers! Always use high quality machined keepers. As for valve springs, we follow the recommendations of the cam manufacturer, but for all of the street camshafts the Chevrolet "LT1" valve springs work fine. We have used stock retainers/keepers with these springs and on stock cylinder head rebuilds, but aftermarket retainers are good insurance (especially if you like to race a lot) and are required when using stiffer springs. 

Keep in mind that valve springs fatigue and lose tension over their lifetime. A spring can lose 10lbs. of tension after a few minutes of operation! Two factors will cause your valve springs to lose tension: excessive heat and being opened too close to coil bind. Most valve spring manufacturers recommend that their springs be used in applications where there is at least .060" difference between maximum valve lift and coil bind. The more you compress your valve springs, the shorter the life of the spring. 

The stock springs are too soft. They start with 78lbs of seat pressure, but typically have only 50 - 60lbs of pressure after 100k miles. Now, consider the following: the stock exhaust valve is 1.5" in diameter, which, when you subtract out the stem diameter and leave off the outer edge of the valve that is beyond the valve seat and in the combustion chamber, that leaves a surface area roughly 2.5 - 2.75 square inches exposed to exhaust system before the turbo. Now, consider that, to build 20lbs of intake boost you could see 35+psi on the exhaust side of the turbo…35lbs * 2.75" = 96.25lbs of pressure exerted on each exhaust valve! The exhaust valve will not be blown open (intake boost pressure and cylinder pressure will counteract this force enough to prevent the valves from being blown open) , but at higher engine speeds this pressure will cause the valves to bounce or flutter on the seats! This is where you will lose horsepower with stock springs. It is apparent that the valves are bouncing with stock springs; the seats (especially the exhaust seats) are typically pounded on stock cylinder heads! Eventually the pounding causes your valves and valve seats not to seal sufficiently and you lose compression and power. 

Timing Chain:
We recommend double roller timing chains for all applications. There are several available but be careful to degree-in all camshafts as we have encountered timing sets that are off several degrees! When upgrading to the double roller chain, you do not use the factory chain tensioner. Also, replace the factory thrust button with the heavy duty replacement thrust button; this roller bearing "button" will reduce wear on your timing cover and the front of the block; it contains a stiffer spring to help prevent "cam walk". 
Camshaft & lifters:
When choosing a camshaft, a few items must be considered. It is easy to over cam one of these engines. Since this is a turbo engine, small gains in lift and duration are amplified, resulting in larger gains in power than would normally be experienced with the same camshaft in a naturally aspirated engine. 

Be aware that many high performance camshafts are machined on a different "base circle" than the original factory camshaft. This "base circle" is the diameter of the cam lobe without the lift…the radius of the heel (non-lift) side time 2. To obtain more lift, many cam grinders will take more material off the heel of the cam to gain additional lift. When using a camshaft with a base circle different than the original base circle, some valve train adjustability is required to maintain correct lifter preload on hydraulic camshafts. Most of the milder performance camshafts (Comp. Cams 206/206 custom grind, Ruggles design 210/205) do not require an adjustable valvetrain to maintain sufficient lifter preload. 

Some performance camshafts are ground with "fast ramps"…they open and close the valves more quickly than is typical of factory camshafts. The good news is, this practice makes more horsepower. The bad news is, this practice can (under certain conditions) make for a noisy valvetrain. 

Once you have made a choice regarding camshaft, there are a couple of things to consider before buying your lifters. Most aftermarket lifers tend to be a bit noisy with the fast-ramp cams. The stock GM lifters are quieter. It all has to do with oil metering. The oil metering orifice of the aftermarket lifter is much larger than the GM lifter, which is why they will "bleed down" more quickly at low engine speeds and can sound a bit noisy. However, the tighter oil control of the stock lifter can become a problem at higher RPM; the lifter can’t bleed of oil fast enough so it "pumps up" or fills with oil. When this happens, the valves are held off the seat & you lose all of your power until the engine RPM falls low enough for the lifters to bleed off the excess oil and function properly again. Generally speaking, the stock GM lifters should work fine to 6000 RPM… if your camshaft will make its peak power below that RPM and the noise is a problem, use the GM lifters. If your peak power extends above 6000 RPM or the noise isn’t an issue, use the aftermarket lifter. Also, be prepared to pay considerably more for the GM lifters than the aftermarket offerings! 

Cylinder Block, Crankshaft, Connecting Rods & Pistons:
The ‘85-’87 turbo block (casting number 25526109) is a pretty stout piece; capable of handling 600+ horsepower when properly prepared! Below, we will discuss these blocks, cranks, rod and piston considerations to give you a few ideas on how to best prepare your particular engine for your intended use. 

Blocks:
We recommend the use of main studs and billet main caps to replace number 2 and 3 stock main cap in all applications. The billet main caps have 3 times the strength of the stock main caps; they fit more snugly in the block registers, helping to prevent cap walk. We also use ARP main studs, these studs also contribute to reducing cap walk; they produce more clamping force than the original main cap bolts. Once installed, you will need to have the main saddles align bored. A very important note on line boring: the cylinder heads must be bolted to the block before line boring! The two center head bolts on the intake side of the motor will distort #2 and #3 (especially #3!) when torqued to spec. If you do not install the heads before line boring, you run the risk of having trouble with #3 main bearing once the engine is run hard. Also, if you intend to run 10 seconds or quicker, you’d better consider a main bearing stud girdle as these times are going to put you over 600 horsepower and start to compromise your block! 

The turbo block itself is stronger than the pre-1985 3.8 turbo block, having thicker cylinder walls and additional webbing material in the main saddle area, but the big gains in stiffness were gained from the additional material in the lifter valley. Adding the studs and main caps in conjunction with this stiffer block provide a strong basis for any street or street/strip application. 

We recommend the use of a torque plate when honing all blocks! A torque plate simulates the load of a cylinder head being torqued in place; this stress distorts the cylinders! In fact, the main caps should also be torqued in place before honing. We do not recommend boring these engines more than + .030". 

We recommend drilling the number 2 and 3 main oil feed passages out to 3/8" to ensure adequate oil flow for numbers 2 through 5 rod bearings. Also, some blocks can experience excessive wear on the front cam flange surface. If this wear is deep (.020" or greater), the block can be repaired using a "cam spacer" from Mondello performance (part # CS-120). This cam spacer is .040" thick and will create a new wear surface for the cam to thrust against; the spacer must be fastened permanently to the front of the block using epoxy (Marine Tex or JB Weld work fine). 

Crankshaft:
The nodular iron crankshaft used in the turbo engines is manufactured differently than the standard 3.8 crankshaft. The turbo crankshaft was manufactured with the main and rod bearings having a rolled fillet radius. This process makes the crankshaft stronger for several reasons. The rolled radius assures concentricity and uniformity in the radius which helps to distribute journal loads more evenly. The rolled radius reduces the likelihood of stress risers (microscopic surface cracks). All turbo engines (1978 - 1987, 1989) and all 4.1 liter engines (1981 - 1984) have their crankshafts manufactured in this manner. Standard 3.8 cranks have rolled fillets on the main bearings only and will fail if used in a turbo application. 

We do not recommend cutting these crankshafts more than .010" in any high horsepower application. When you have your crankshaft cut, make sure it is cut on the "high" (tight) side…we recommend main bearing clearance of .0015" - .002" (.0015" preferred) and rod bearing clearance of .0018" - .002" (.0018 preferred). 

Connecting rods:
The connecting rods used in all Buick V6 engines are of a strong cap screw design. This type of connecting rod design has been used in racing and used by Ford in their NASCAR & drag racing engines. When introduced in 1975, these connecting rods proved to be 50% stronger than previous designs. In most applications, the stock connecting rods are more than sufficient. 

We recommend the use of ARP rod bolts in all applications. They are superior in strength to the original bolts…and offer cheap insurance against catastrophic failure! Please be aware that you must relieve the rod cap bolt holes; you need to take a 7/16" or ½" drill bit and slightly chamfer the bolt holes in order for the bolt’s under head radius to clear. Sometimes a rounded file is necessary to de-burr the rod bolt holes in the rod caps. If you do not relieve the rod caps, the rod bolts will bind or not sit flush and they may not provide the proper clamping force….(please read that as a disaster waiting to happen!) 

Once the bolts have been properly installed, we recommend that you consider having the connecting rods resized. 

Balancing:
We recommend all engines be balanced regardless of application…from stock to all out race motor, get it balanced! It has been our experience that balanced engines even idle smoother! 

Pistons & rings:
One area that cannot be compromised in these motors is the pistons. The pistons in these motors are exposed to extreme temperatures and pressures. Do not use non-turbo pistons in a turbo engine! The ring lands, pins and piston crowns are just some areas that are strengthened to handle the loads encountered in these engines. We recommend the use of a forged piston; we do not feel that a cast piston have adequate strength for most applications. Also, do not run more than 8:1 compression. We recommend piston to wall clearance of .0045" with TRW forged pistons. 

Piston pins must be thick enough so as not to distort under high boost (if the pin distorts under high loads, they will loose press fit and walk out the side of the rods & into your cylinder walls!). We don’t recommend thin wall, full floating pins for street applications; this arrangement is better left to all out competition engines. If you decide to use a full floating pin arrangement, you must have the connecting rods fitted with bronze bushings. 

Piston rings should not be compromised. While standard moly filled rings will work, I question the choice as their life expectancy will be limited in severe use. We recommend the Federal Mogul "Plasma moly" rings, although there are several premium ring brands on the market that will work for these applications. These rings will better tolerate heat/cylinder pressures encountered in these engines and will have a longer service life than standard moly rings. We recommend a minimum ring end gap of .018" - .020" (top) and .014" - .016" (2nd). If you run extremely high boost, you might want to make these gaps .001" or .002" larger. Currently, Federal Mogul is suggesting the 2nd ring have a larger ring end gap than the top compression ring… for specifics on this concept, I suggest reading the Speed Pro "Performance Parts Catalog". 

Bearings:
This is another area that can make or break this engine. Don’t short change yourself…buy good quality bearings! Remember, this engine places a higher load on its bearings than most. Its making all of that power with 6 cylinders…not 8! 

We recommend the Federal Mogul "Super Duty" alloy main bearings for this engine. These bearings are stronger than standard replacement bearings; the steel backing is stronger and the facing material is higher strength, resulting in a bearing that won’t distort or deform as easily as the stock bearings. These bearings do not have the tin overplate (the shiny, light gray finish on bearings). Dirt won’t imbed in these bearings…so if you use them, keep your oil clean! You will find that the oil hole in the bearings is smaller than the feed holes in the block. We recommend enlarging the oil hole to 5/16" in all applications to promote higher oil volume to the main and rod bearings. These bearings should be deburred after enlarging the oil passages with a small round file and then cleaned with "Scotch Brite" and motor oil. 

We suggest Federal Mogul rod bearings for this application, part number 6-3755APA. Please note that there are two different bearings available for the Buick V6: 3755AP and 3766APA. The difference between them is width, the 3755APA is wider and has more load carrying capacity than the 3755AP. These bearings should also be cleaned with "Scotch Brite" and clean motor oil before installation. 

Gaskets:
We recommend the stock head gaskets for all but race only applications. These gaskets utilize a pre-flattened steel wire to help seal the combustion chamber and will be more than adequate for all but the most extreme applications. 

We suggest using a cork oil pan gasket. These gaskets, when properly installed, will seal as well as any gasket available. The key to cork gaskets is to install them dry, as any oil or foreign material will create a wicking condition and promote leaking. Also, torque the bolts to 88 in. lbs. 
The block should definitely be bored and torque-plate honed if you expect to motor to have good cylinder seal.  The heads should have a good 3 angle valve job...don't waste your money having someone "port" or smooth them.  I only know of a handful of guys who can port these heads correctly (our flow numbers are as good as anyone's).  Believe it or not, just changing to the Manley valves will pick up airflow (roughly 20cfm).  Your application doesn't warrant any more than the valve upgrade.  We have Comp Cam custom ground 206/206 cams in stock, this cam makes lots of torque in these engines and provides a smooth idle...and they call for the LT1 spring you plan to use (installed @ 1.700").  

 

 

I would recommend the TRW forged pistons, Speed Pro plasma rings, Federal Mogul bearings, Fel Pro gasket set, Speed Pro or Cloyes double roller timing chain, 206/206 cam.  If you use the high volume oil pump, you need to modify (enlarge) block passages and bearing feed holes, or you will run into problems with excessive pressure.
 
	The Beginners Guide to Performing A Basic Rebuild on the Buick 3.8L Turbo Engine

	Art Keene

	Disclaimer

	"This information is a result of some time and research by the author. I am not a machinist, nor a subject matter expert. Be aware that anytime you increase the performance of your car you run the risk of damage. Be smart about modifications. -editor"

	

	Purpose and Scope

	The purpose of this article is to help the guy that is concerned about having his 84-87 3.8L turbo engine overhauled correctly because of it "uniqueness". This article also focuses on a basic stock rebuild that is strong, street-able, and will last 100K miles, on a budget. This article does not cover stage blocks, girdles, or anything that is for track only or other specialty things (get my drift?). This is not a complete article, as it is meant to get you started, point you in the right direction to get the information you need, and help fill in any holes that manuals, articles and other resources may leave out.

	

	Pre-requisites

	Do your homework! There are excellent sources of information available online. If the answer you need isn't on this page, review the archives, browse the gnttype.org tech pages. Odds are you will come across the answer. I can't emphasize this point enough! There are articles on everything from how to remove the engine to setting sensors and tune-ups. 

You should print out the Parts List, it lists several miscellaneous items that you may need.
Make all of your decisions before the work begins. Deciding you want different pistons after the shop ordered what you first told him to won't go over well.
I also highly recommend buying the Buick Power Source Manual. Some of the information is outdated, but most of it is very good reading, with good pictures and explanations. You can call Tuar Corp at (810) 239-5552 and order it over the phone with a credit card, should arrive in about four days. Cost was about 6 or 7 bucks.

	Dealing with the Machinist

	Contrary to what you may think, any well-qualified and competent machinist can perform the machine work on the Buick 3.8 turbo engine. If you cannot get a good referral from a friend, just talk to some of the shops, ask questions, and see how well you get along with them. Pick one you can be comfortable with and communicate with. Beware of know-it-alls, and others that seem to treat you as unimportant. While most machinists have probably "overhauled 100's of those V6's" and act as if yours is not special, he is half right! Hopefully you can find a guy that will be open-minded to your desires and willing to deal with the less knowledgeable. There is little difference in the basic machine work, just a few extra considerations that will be discussed later in this article. Also, DO NOT LIE to the machinist. If you overheated the block, or let it run low on oil, admit it! He will respect you more for it. He will know what happened when he sees the engine anyway, because he will have all the evidence right in front of him! 

The shop would also appreciate if you buy most of the hardware/parts from him (excluding some specialty items like a roller cam kit, or front cover, etc.). He has a set rate for labor, so his only other form of "profit" is by selling you parts. It will also make it easier if there is a problem with the parts ordered, one person to deal with instead of five.
If you don't like a machinist after talking to him, don't use him. You are not obligated to him just because you walked through his door.
You should also ask about warranty..... Find out what is and isn't covered. Get it in writing. They may even require a radiator inspection (which is a good idea anyway)
With a good machinist, you may expect turnaround times of about a month. You are not his only customer, so be patient! If he's a good machinist, you can bet he's busy.

	Cylinder Block


	The shop would really appreciate it if you print out the Engine Specifications Page for him. That would leave out any question on what the requirements are. 

The Power Source Manual has a very good description for chamfering oil passages and enlarging them (if needed). All good things to do if you have the time. Make sure the block is tanked and cleaned after any of this work is done.
Most machine shops should have a torque plate for the motor, since it's the same one for any 3.8-V6. A torque plate is used when honing the cylinders to re-create the stresses that a head bolted to the block would create. This improves ring seal. Practically a must.
Visit the Buick V6 Photo Guide for differences in the blocks available.
Factory Engine Specifications
Brian Sowle - gnfast@together.net
Introduction
This document contains all the dimensions, clearances, and spring pressures for the VIN 7 87 Turbo motor. These are directly from the GM manuals not Chilton's. Now I know that certain engine builders use looser or tighter clearances so don't start a huge thread on how this or that clearance is wrong. Like I said these are from the GM manual. If I were doing a rebuild I would stick with the Factory clearances. How many 140,000 mile cars do we have currently running???
Notes
Engine Dimensions and Fits
General
Piston Clearance Limits
.
Top Land
.046 in. - .056 in
Skirt Top
.0008 in. - .0020 in
Skirt Bottom
.0013 in. - .0035 in
Ring Groove Depth
.
#1 - Compression Ring
.185 in. - .194 in
#2 - Compression Ring
.186 in. - .194 in
#3 - Oil Ring
.188 in. - .196 in
Ring Width
.
#1 - Compression Ring
.077 in. - .078 in
#2 - Compression Ring
.077 in. - .078 in
#3 - Oil Ring
183 in. - .189 in
Ring Gap
.
#1 - Compression Ring
.010 in. - .020 in
#2 - Compression Ring
.010 in. - .020 in
#3 - Oil Ring
.015 in. - .055 in
Piston Pin Length
2.900 in
Diameter of Pin
.9391 in. - .9394 in
Pin Clearance in Piston
.0004 in. - .0007 in
Pin Press Fit in Rod
.0007 in. - .0017 in
Pin Direction and Amount Offset in Piston
.040 in
Major Thrust Side
Connecting Rod Specifications
Bearing Length
.654 in
Bearing Clearance (Limits)
.0005 in. - .0026 in
End Play
.003 in. - .015 in
Crankshaft Specifications
End Play at Thrust Bearing
.003 in. - .011 in
Main Bearing Journal Diameter
2.4995 in
Crankpin Journal Diameter
2.2487 in.
- 2.2495 in
Main Bearing Overall Length
.
#1
.864 in
#2
1.057 in
#3
.864 in
#4
.864 in
Main Bearing to Journal Clearance
.0003 in. - .0018 in
Camshaft Specifications
Bearing Journal Diameter 
1.785 in. - 1.786 in
Journal Clearance in Bearings
.
#1
.0005 in. - .0025 in
#2,3,4
.0005 in. - .0035 in
Valve System Specifications
Rocker Arm Ratio
1.55 to 1
Valve Lifter Diameter
8420 in. - .8427 in
Valve Lifter Clearance in Crankcase 
.0008 in. - .0025 in
Minimum Valve Margin
.025 in
Intake Valve
.
Head Diameter
1.715 in. - 1.705 in
Seat Angle
45 degrees
Stem Diameter
.3412 in. - .3401 in
Clearance in Guide
.0015 in. - .0035 in
Exhaust Valve
.
Head Diameter
1.505 in. - 1.495 in
Seat Angle
45 degrees
Stem Diameter
.3412 in. - .3405 in
Clearance in Guide
.0015 in. - .0032 in
Valve Spring
.
Valve Closed
90 lbs
+or- 4 @ 1.727 in
Valve Open
245 lbs
+or- 10 @ 1.340 in
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1979 Block 3.8 Liter
Casting number 1261438
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Features of Note: 

· Rough casting in the lifter valley area. 

· Holes in the lifter valley are broken out for oil drainage. 

· The top of the rear bellhousing does not have the pad or hole for a knock sensor. 

· The block casting number is on the top of the bellhousing area instead of on the driver's side as it is on later blocks. 

· Casting for the water jackets and deck surface, for the head gasket, more closely follow the shape of the cylinders. 

Features of Note: 

· Hollows behind the water jackets of the rear cylinders. 

· No pressed in freeze plugs in the rear cylinder walls. 

· Face of the rear cam journal is flush with the oil galley plug holes. 

· Rear cam bearing plug is very shallow. 

· Large casting bump visible for the oil drain behind the rear cam bearing. 

· Does not have the support webs on the top outsides of the rear main bearing. 

BOTTOM
FRONT
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Features of Note: 

· Pad on driver's side (top right) says 231 instead of 3.8 as on later blocks. 

· Support webs from main bearings to pan rail have a flat cross brace cast in. 

· Oil pickup hole is smaller. 

· There is barely visible, in the slot behind the rear main bearing, an oil drain from the back cam bearing. 

· The inner crankcase area is much more open around the lower cylinders 

· The main bolts have 13/16" heads. 

· The exterior of the block is cast smooth down to the sides of the crankcase and not stepped as it is on later blocks, also notice the triangle shapes out from the lower bellhousing. 

· The small holes on each side of the front exterior of the block were drilled for water drains. Not the GM recommended location of between the frost plugs. 

Features of Note: 

· Front cover area is flat, not recessed. 

· Water inlet holes are squarer shaped. 

· Opening to the lifter valley is broken out, not machined. 

· Front outside of the lifter valley is mostly smooth with two raised flat areas on the sides forming a wide "V" shape. 

· Look closely and you will see the oil feed hole is plugged. This motor was last run with an exterior oil pump. 



	Cylinder Heads

	Read the Head Sealing Tips article for differences in head gaskets. When the shop orders the gasket kit you can specify which head gasket you want included. The Fel-Pro 86-87 3.8-7 gasket kit comes with the Fel-Pro 9441-PT's (formerly the 9441-B) head gaskets which are factory replacements. 

Head Sealing Tips
Scott Simpson - Scott231@Juno.com
Introduction
I'd like to start by stating that any head gasket will usually work fine IF you keep detonation under control. More often than not, a head gasket failure is due to excessive detonation. The extreme forces present during detonation can actually cause the gasket material to weaken or disintegrate allowing either water into the cylinders or exhaust gasses to leak out into the atmosphere, between cylinders or into the lifter valley. Atmospheric air can also leak into the cylinder during the intake stroke if the gaskets blow out to the atmospheric side. 

The bolts or studs used to hold the cylinder head can also play a large part in sealing the cylinder heads. The head fasteners are usually not the main topic of discussion when changing heads, but the incorrect use of the bolts you have can lead to disaster. The most frequent problem that occurs, due to improperly torqued head bolts (studs,) is an occurrence of the head lifting up off the block momentarily. Some installation tricks are listed at the end of this page.
Head Gaskets
First, let's look at some of the options for head gaskets... 

Stock Gaskets
Installed on more Turbo Regals than anything else, obviously, yet this also includes many 11-second cars that have never had the motor opened. Made of a composite material these gaskets are not very forgiving when detonation occurs (unless factory installed,) but lots of people have gone tens with these gaskets. The gaskets installed by the factory were done with much more sophisticated tools than you are going to find at Sears.
Fel-Pro Gaskets (p/n 1000)
These gaskets are more detonation resistant than stock thanks to a stainless steel fire ring. According to a list member that spoke with Fel-Pro, the new fire rings are a little too thick for use on a stock-configuration head bolt arrangement and the rest of the gasket tends to "come apart" in areas other than the fire ring. This allows water to eventually get past the fire ring and you've got problems. Gaskets are blue in color and have a stainless steel fire ring that goes around the combustion chamber. These gaskets have the extra 6 bolt holes for use on the Stage II engines. Whereas these holes are unused on a stock block/head configuration, it is the use of these extra bolt holes that provides the necessary clamping force to get the thick fire ring to seal properly on the Stage blocks. Then again, we've got a list member who has run 10.74 with these gaskets on a stock block/head configuration and has had no problems.
Stacked Steel Shim Gaskets
Due to their thickness being about half of the stock gaskets, you should use two of these gaskets on each side of the motor when installing. When properly sealed with some strong sealant, these provide one of the strongest, most detonation resistant gasket setups available. The installation sounds a little tricky, but they don't blow, and they will be your cheapest option (as of 1997 these gaskets are about $9 a piece.) Unfortunately, if the motor is detonating heavily, they won't blow...something else might.
Copper Head Gaskets
Require an O-ring groove be cut into the block (you add the O-rings) and will provide great detonation resistance just like the Stacked Steel gaskets...with one less mating surface to worry about. The O-rings cut into the copper, leaving a fingerprint if you will, to provide their strength. These are becoming harder to find as a major distributor has recently decided to stop making these gaskets. Once again, if the motor is detonating heavily, they won't blow...something else might.
Fel Pro p/n 1007 Wire-Loc Gaskets
Require an O-ring groove be cut into the head. These gaskets look just like the 1000 but already has the O-ring "built into" the gasket surface for superior sealing abilities. However, several people have found problems with getting the groove cut 100% correctly and the gaskets eventually leak. Then again, many of the top TR engine builders use these (Duttweiler, Precision Turbo) with much success.
Fasteners
Next, let's look at some of the options for head fasteners... 

Stock Torque-to-Yield (TTY) Bolts
These work fine up to 22psi of boost. Beyond that you are pretty lucky if they stay together. These bolts MUST be replaced every time the heads are removed. They reportedly "stretch" under boost easier than aftermarket fasteners, mostly because they are designed to stretch or yield a little bit when torqued into place.
ARP Bolts
Stronger than stock and are NOT torque to yield, thus they are not designed to stretch. These bolts are reusable, but should be retorqued after a couple warm-up cycles. They come in two different strengths, which I believe are 80,000 psi and 120,000 psi breaking points.
ARP Studs
Strongest clamping force for the turbo Buick cylinder heads. Their superior clamping force comes from the fact that the strain placed on the fastener is distributed along two surfaces instead of one. The studs are threaded into the block, the heads on placed on the block and nuts are then threaded onto the studs. These should be also retorqued after a couple warm-up cycles. If you retain the Air Conditioner/heater blower core, you have to remove the engine to remove the heads as the heads now have to be lifted up over the studs to get them off.
There are GNTTYPE list members that have run in the 28-30 psi range with stock gaskets and studs. Others have hit the same boost with the Fel-Pro 1000's and studs. Similar results have been achieved with stacked steel gaskets and studs.

Torque Sequences
Finally there is the head fastener torque sequence. First, make sure that both the threads of the bolt (stud) and the underside of the bolt (or washer and nut if using studs) are properly lubricated. The threads require some sort of Teflon sealer as the bolts/studs protrude into the water jackets of the block. The other end needs to be fully lubricated with engine assembly lube to reduce friction. The factory manual shows a pattern which is basically a criss-cross pattern starting in the middle and working outwards. The proper way to install the fasteners is in 10-pound increments. (This is much easier if you have a clicker style torque wrench with a dial adjuster.) Check with your gasket or cylinder head supplier for the best pattern and their recommended torque values... don't forget to tell them if you are using head studs, bolts or TTY bolts which have a specialized installation procedure.

Tricks and Tips
Last but not least, there are several tricks that people use to install head gaskets. These include torqueing the fasteners down, waiting an hour, breaking the bolts loose and re-torqueing (assuming you are not using TTYs) one bolt at a time. Some people actually like to run the motor without the headers attached for a short stint and then re-torque. Another trick is to install the head fasteners finger tight, install the intake manifold, fully torque down the manifold and then fully torque the head fasteners to the desired torque spec. This will draw the heads up closer to the intake if there is any slack in the head pins. This helps to eliminate the possibility of the heads shifting later, like at the track. ;-) 

To summarize, you need to follow a recipe for your specific cylinder head, head gasket and fastener combination. There are other gaskets (for both aluminum and iron heads) and other fasteners, but the above should cover a majority of questions and/or get you up to speed for discussing the proper head gasket recipe for your combination. And if you are a GNTTYPE mailing list subscriber, you can always ask your questions on that list for further opinions.
The cylinder heads are casting number 8445 that can be found on nearly any RWD 3.8L engine. Check out the Cylinder Head Photo Guide.

Early Heads 3.8 Liter
Casting number B1257661
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Features of Note: 

· Intake ports look very similar to later heads 

Features of Note: 

· Notice the tall exhaust ports 

· Notice how narrow the exhaust ports get on at the top 

COMBUSTION CHAMBER
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Features of Note: 

· Notice no "bridge" on the end of the head water passages 

· Four bolts per cylinder 

Quote from the power source manual - "Seat width is not critical to flow or horsepower. Width determines how long the valve job will last - the old saying 'the longer the race, the wider the seat' still holds true." The manual recommends an intake seat of 0.060-0.090-in. and exhaust seat of 0.090-0.110-inch. The manual also describes port and polishing the chambers and ports very well and includes templates. If you have the time you should at least polish the combustion chambers and remove casting imperfections from the runners.
The head bolts from the factory are called TTY (torque to yield) and are a one-time-use bolt, which means they cannot be re-used. Again, I refer you to the Head Sealing Tips article for more information about fasteners. I believe the common practice is to use the ARP Head Bolt Kit (P/N 123-4003). These can be re-used. Also, beware of the head stud kit, as this would prevent the removal of the heads without removing the engine first (due to the heater box).

	Crankshaft

	If your crank is bad and can't be turned, then it's time for a new one. The original GN crank (P/N 12350247) is no longer available, but you might get lucky and find a Turbo T/A (P/N 25535742) crank hiding in a warehouse or dealer somewhere. It's the same but has cross-drilled main journals (which is better for journal oiling). Visit the Crankshaft Photo Guide for a description of our cranks. 

If all else fails and you need to purchase a re-manufactured crank, be very picky! You may get one that has rolled fillets on all but one or two journals that were repaired. The machine shop may prefer that you get the part yourself through an automotive parts place, so that he doesn't upset his suppliers by returning what is deemed a “good serviceable part” (which may have to be done more than once). Ideally, get one that has been turned no more than 0.010" and has not had any rebuilt journals. If you're feeling adventurous, search the archives for references to which motors the crank was used in and search the junkyards!

	Balancing

	If any of the rotating pieces have been replaced (highly likely), have the motor balanced! Balancing of the rotating assembly is a common machinist's task. A balanced assembly simply runs more smoothly (i.e. less vibration). You should be encouraged to stick with the stock balancing specs (which are listed in the Power Source Manual). On the subject of vibration, with the motor removed is a good time to inspect/replace stock motor mounts. There are poly-mounts available for higher HP use, but for a street driven car you will have to make the choice if you want to put up with the added vibration.



	Bearings

	For a description of the different kinds of bearings available visit Clevite 

List consensus is to go with the following bearings:
Cam Bearings –SH1448S-XX
Rod Bearings - CB1398H-10
Main Bearings - MS960H-10
Bearing part number example: MS-960-10-P. MS=main set, 960 is the part number, 10 is the journal undersize, and P is the type of bearing.

	Pistons, Rings, and Connecting Rods

	TRW Forged 3.8 Turbo Piston
Part number L2481F


SIDE
TOP
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Features of Note: 

· This is the side view of the TRW forged 3.8 piston # L2481F. 

· It has a longer and fuller skirt than a cast hyper piston. 

· It has the thickest and heaviest piston pin of the 3.8 pistons. 

· There are no oil drippers from the bottom ring to lube the piston pin. 

· You can see two grooves that are cut in the piston pin bore to lube the pin. They are at the 10&2 o clock positions around the pin. 

· It has more support under the pin than the hyper pistons. 

Features of Note: 

· It has a dished top with a machined finish. 

· There are small drain holes drilled from the bottom ring land to the inside of the piston. 

BOTTOM
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Features of Note: 
· The full skirt can be seen quite clearly. 

· The bottom of the piston is smooth 

· Pin support is pretty beefy 

· Skirt doesn't extend 360 degrees; it's flat around the pin area. 


For the connecting rods, stock is the best you can get for the street. If you need to replace any of them, a reconditioned stock rod is fine. Make you sure get the right part number. Check the Connecting Rod Photo Guide to help with identification of the correct part.

	Valvetrain

	There has been a lot of discussion of cam failures on the list. One reason was quoted as being the number 3-exhaust lifter bore being slightly off-center from the factory causing premature lobe wear of aftermarket flat-tappet hydraulic lifters. Also stay away from cast “budget rollers” kits, as the only thing to use on roller lifters is billet steel. This is another item that you may want to get yourself and not go through the machine shop. Talk with any good TR vendor and they should recommend a good cam to use. I bought a billet roller kit which included the cam, roller lifters, double-roller timing chain and gears, valve-springs, and thrust button. This kit required no modification of the block! My machinist was very impressed with the kit. 

This motor does not have adjustable rockers, so exact measurements and clearances will have to be made in regards to push rod length. It will be different from motor to motor, depending on cam, head gaskets, how much the head was surface or milled, etc. Don't skimp on this part. Review the Lifter Preload Article for more information.

Lifter Preload
Procedure
Since this has been coming up lately, here's a practical solution to all the related questions about either pushrod length or lifter preload. 

In general, the proper lifter preload for a LC2 motor is .030 - .035 inches. More preload will give you a stronger top end and less preload, a stronger lower-mid range. One easy way to measure this is to A) remove intake manifold, B) rotate engine to TDC on any one cylinder, and C) using a wire-type spark plug gapper, measure how far the plunger of the lifter has been pushed down from its seat (thanks to John Pearcy for this one.)
On a motor where you have changed something in the valvetrain (camshaft/lifters, head thickness, new/different head gaskets, new rockers or roller rockers), you need to determine the proper length of pushrod to attain the amount of lifter preload you want. To do so requires that you buy some .010" shim stock (available at machine shops, larger NAPA's, etc.) to make some shims (cut out a rectangle and drill hole in middle.) Using the pushrods you have now, install the rocker shafts with X number shims between the rocker shafts and the mounting bosses on the heads. Torque the shaft bolts to 25 ft/lbs. X will be the number of shims required to attain zero lash. This is attained when the rocker does not move around on its own and there is zero preload on the lifter. If, for example, this occurs with 5 shims (.050") installed and you want lifter preload to be .030", then the proper pushrod length will be .020" shorter than the pushrods you are using presently.
Note most (all?) Roller Rockers are adjustable so the above procedure can give you the rough estimate and you can adjust from there. Yes, you can run the motor with the shim stock installed, but it isn't the wisest thing to do.
For street use, the stock shaft and rockers are more than adequate, supposedly down into the 10-second range. But visually check your used one well for wear before you re-use it, and replace it if necessary.

	Front Cover

	Aftermarket front covers are available from most TR vendors with externally replaceable front seals (stock cover uses a rope oil seal, which is included in the gasket kit). Some will even de-burr the cover innards for you. If the small hole for the oil pump drive shaft (the cam sensor shaft) on your original front cover is wallowed out...the whole thing is junk. There are also high volume oil pump kits available if you can't afford a new cover.

	Engine Assembly

	There isn't much I can add here that isn't already in a Chilton manual. I would like to say that if you are going to assemble your own engine, you should do a few test mockup assemblies to make sure all of the parts fit together correctly, nothing binds or interferes, etc. Also refer the Torque Specification page for proper bolt torque values. There is a host of chemicals that are needed. Acetone for cleaning, engine assembly grease, various RTV sealants, Anti-seize compound and Loctite first come to mind. A Tap & Die kit can be a life saver!

Torque Specifications for 1986/87 Turbo Regals
Chris Fasulo
Torque Values
***** All Specs are for clean and lightly-lubricated threads only ********* 

Description
Ft-Lbs
N-M
Spark Plugs
20
28
Main Bearing caps to block
100
135
Balancer Bolt to Crank (min)
219
297
Connecting Rod Bolts
40
54
Serpentine Belt Pulley to Balancer
25
33
Flywheel To Crank
60
81
Oil Pan Drain Plug
30
41
Oil Pump Pressure Regulator Retainer
35
48
Oil Gallery Plugs
25
34
Oil Pressure Switch to Cylinder Block
24
32
Oil Filter Assembly to Pump Cover (center bolt)
18
24
Timing Chain Cover to Block
22
30
Water Pump Pulley
21
29
Thermostat Bolt to Intake
13
18
Intake Manifold to Head (in proper sequence), see below
32
44
Exhaust Header to Head
37
50
Engine Mount to Block
59
80
Timing Chain Sprocket
31
42
Rocker Arm Shaft to Head
25
35
Accessory Bracket to Head
37
50
Alternator Mounting Bracket Through Alternator to Head at Pivot Location
44
60
Starter To Block
35
48
Cam Sensor Hold-Down Clamp
20
27
Transmission to Block
35
48
Bolt-Special Movable Timing Chain Dampener
14
19
Knock Sensor to Block
14
19
Fuel pump block off to Timing Cover
22
30
Turbocharger Inlet Adapter to Turbocharger
17
23
Turbocharger oil drain pipe to Turbocharger Center Housing
22
30
Turbocharger Compressor Housing to Center Housing
13
17
Turbocharger Turbine Housing to Center Housing
15
20
Exhaust Manifold to Turbine Housing
20
27
Power Steering Pump to Accessory Bracket
20
27
Turbocharger Mounting Bracket to Head
37
50
Turbocharger and Elbow Heat Shields to Mounting Bracket
20
27
Turbocharger to Mounting bracket
20
27
Throttle Body to Intake Manifold
20
27
Front Vacuum Line Bracket to Intake Manifold
20
27
Engine mount to frame mount
48
65
Engine frame mount to frame
33
45
Air Conditioning Compressor to accessory bracket
37
50
Power Steering Pump to accessory bracket
20
27
Shifter cable bracket to transmission
20
27
Flywheel to torque converter
46
63
Transmission mount to transmission
25
34
Transmission mount to frame
40
55
U-joint strap at rear axle
16
22
Torque Values (in INCH LBS)
Description
*INCH lbs.* 
N-M
Oil Pan to Block
88
10
Oil Screen Pick-up to Block
96
11
Oil Pump Cover to Timing Chain Cover
141
16
Water Pump to Timing Chain Cover
115
13
Valve Cover to Head
44
5
Flywheel Cover
48
6
Vacuum Harness to Throttle Body
35
4
Throttle valve cable to transmission
80
9
Torque converter cover to transmission
53
6
Torque To Yield (TTY) Cylinder Head Bolt Assembly Procedure
This procedure is specific only to STOCK Torque to yield head bolts and should be strictly followed! Never reuse old TTY head bolts!!! These bolts MUST be replaced. If you are using AFTERMARKET head bolts, follow the manufacturer’s recommendations. 

1. Ensure ALL Cylinder Block bolt holes are clean and dry. Use a bottoming tap as required. 

2. Lightly lubricate bolt threads and under the bolt head surface. 

3. Torque ALL head bolts in PROPER SEQUENCE (see below) to 25 Lbs. Ft. 

4. Set Torque wrench to 60 Lbs.Ft. 

5. Turn each head bolt 90 degrees (one quarter turn) in PROPER SEQUENCE but do NOT complete the turn if 60 Lbs.ft is reached. 

6. Repeat step 5 AGAIN DO NOT EXCEED 60 Lbs.Ft. 

NOTE: It is very common to reach 60 lbs.ft during step 5 in less than the specified 90 degree turn. The same is true for step 6 

Bolt Torquing Sequence Diagrams
                       Intake Side                          ---------------

                  ---------------------                    | 7  3  1  5  9 |

                 | 6     1     3     7 |                   |     Intake    |

<Front of engine |    Cylinder Head    |  <Front of Engine |    Manifold   |

                 | 8     4     2     5 |                   | 8  4  2  6 10 |

                  ---------------------                     ---------------

                        Exhaust Side



	Miscellaneous

	I would also suggest replacing the water pump at this time; it's cheap and easy with the engine removed. Seams like every engine I overhaul, I end up replacing the water pump anyway in the first 500 miles, so get it over with :-). 

If you use measurements from your micrometers or any other measurement equipment, compare your gauges to the machinist. They check theirs, we generally do not. If you say turn to 3.008 and he does, if yours were off the problem really was yours and not the machinist. 
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