Maximum Torque Specialties Inc.

13641 John Glenn Rd #B
Apple Valley, CA 92308

(760) 247-2533

 Thank you for your engine purchase. To insure peak engine performance and longevity, we recommend these final assembly and start up procedures. 

Required components to complete long block engine for start up:

· Oil pan and pickup screen – Pickup screen to block O-ring gasket
· Dipstick block tube and dipstick- Steel ball block plug for unused dipstick hole
· Two oil filters and 10 to 12 quarts of oil.  See oil system priming section for filter type and pan capacities.
· Intake manifold with correct gasket 

· Distributor and ignition wires – Spark plugs AC brand part # R45XLS6 for engines equipped with HEI ignition. Engines equipped with points type distributors use AC brand sparkplug AC brand part #R44N.
· Carburetor – Fuel pump 

· Water pump and new correct Cadillac type water thermostat 

· Exhaust manifolds and gaskets

· Valve covers - PCV system

 Prior to installation, engines shipped as long block assemblies will require further assembly. In many cases components required to finish the engine will come from the engine being replaced. Any part you choose to re use should receive a professional hot tank or modern bake style cleaning. 

 Parts such as factory intake and exhaust manifolds often require corrective machine work to eliminate wear or warping.  Worn, warped, or cracked factory castings can cause engine damaging vacuum or exhaust leaks. 

Oil pan, pickup screen, and dipstick installation procedures:

· Check location of oil pickup bracket to main cap bolt/stud mount. If bolt/stud must be moved, loosen both bolts on that main bearing cap.

·  Loosen both bolts on new main bearing cap location.  Install bolt/stud in correct location to match pickup screen mount bracket. 

· Torque all four loosened main cap bolts to 90lbs. Bring the bolts to this spec in 30lb increments. Alternate between bolts as you tighten in 30lb increments.

· Install new or professionally cleaned oil pickup screen. Screen attaches with a two bolt flange at block and a bracket to main cap bolt/stud.  Install “O” ring seal to tube before bolting flange to block.  Torque bolts and nut to 15lbs.

·  WARNING!  Installing and oil pan from a 425cid or 368cid Cadillac engine on a 500cid Cadillac engine requires additional work! The longer stroke of the 500 engine can cause interference with the oil pickup screen used with these pans. You must also check for contact from the front set of rod bolts on the pan floor. The floor of pan may need a trough dimpled into it for rod bolt clearance. This can be done with a ball peen hammer. 

· Use of above described 368 or 425 oil pans will also require that you check clearance of the oil pickup screen.  You must verify that you have at least 1/4” to 3/8” clearance from pan floor. Bend tube as needed to obtain this clearance. Without this check, the screen can lay flush on the floor of the pan. This will starve the engine for oil. 

· Install dipstick block tube next. This MUST be done with the oil pan off.  Engines using 1968-1976 RWD front sump oil pans should install tube in forward block hole.  All mid and rear sump pans use the tube in rear block hole.
· Plug unused block tube hole with the round steel ball punched out from your old engine or engine core.
· The dipstick tube now needs to be bent to aim for the oil pickup screen foot. Install dipstick after tube is bent. Rotate crankshaft and verify that dipstick tube or dipstick do not contact or tangle into the rotating assembly. Adjust tube until proper clearance is obtained.

· Install oil pan and gasket. Use a dab of silicone sealer at the gasket junction where the rail gaskets meet the rubber end seals.
· Torque oil pan bolts to 10lbs. 
Intake and exhaust manifolds, water and fuel pump installation procedures:

· CAUTION!  Used intake manifolds should receive a professional boil out or baked cleaning process. 
· Test fit intake manifold to engine without gasket. Check for flat fit at head mating surface. Manifold should sit tight in “V” of engine. There should be no gap at either upper or lower edges of manifold at the head contact surface.  Have manifold machined to correct if needed. New intake manifolds can also require this correction. Do not skip this step when working with a new manifold.
· Test fit intake gasket and manifold together. Install manifold and gasket to engine with out any gasket sealer.  Install all bolts into intake by hand. If bolts bind in holes this indicates manifold needs corrective machine work.  Do not elongate manifold bolt holes to fit intake. Have intake machined for proper fit and seal. 
· Once intake fits correctly its time to final install it. Iron intakes should use a factory style metal valley pan intake gasket. After market aluminum intakes should use MTS part # GSK22 composition intake gaskets. 
· Prior to final installation, I prefer to block off the intake manifold exhaust heat passages. We have found it can help eliminate engine detonation on hot summer days. There is almost no loss of cold start drive ability from this modification. I do this to stock or performance engines alike.

 The intake heat passage is the small port in the center of the intake surface of cylinder head. Cut a rectangular patch from some thin sheet metal. A used factory intake tub gasket is a perfect source for the patch material. Size patch to cover the whole port. Leave a good overlap for gasket cement to grip too. Gasket cement these patches over both heat passages. 
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 Factory style valley pan gaskets will include rubber front and rear block rail gaskets. You can use them or a bead of silicone engine sealer. Critical point here is junction where head, block, and intake manifold meet. See photo below. 
· If using silicone sealer as shown above make sure it gets deep into the junction shown above. If using the rubber rail seals make sure the tapered ends of seal tuck into junction correct. I like to use a dab of Permatex brand High Tack gasket sealer on the ends of the rubber rail seals. Rubber rail seal has locator pins to drop into hole in block rail shown above.  This point above is a common oil leak point if not sealed correct. 
· Once rail gaskets or silicone bead has been applied to engine, the 1ntake gasket is next. Whether using factory valley gasket or MTS composition intake gaskets I wipe a finger wide bead of Permatex brand #2 non hardening gasket sealer around top and bottom sides of gasket intake ports. 
· Install sealer coated intake gaskets to head surface. You are now ready to install intake manifold. It is important if using silicone sealer to place the intake down correct the first time. Try not to slide it around too much. Rubber type rail seals are much more forgiving here. 

· Once manifold is on, install all bolts by hand. Start bolt torque procedure in center of intake. Torque in an “X” pattern from the center of intake out to edges. Torque bolts to 30lbs. If using a stainless steel bolt kit, make sure to use anti-seize compound on bolt threads.

· Install fuel pump gasket onto fuel pump with gasket sealer. Insert pump arm into block hole. Torque bolts to 12lbs.
· Install water pump gasket to water pump with gasket sealer.  Water pumps use three size bolts to mount.  5/16” bolts are torqued to 10lbs. 3/8” bolts are torqued to 22lbs. 1/4” bolts to 4lbs.
· Install correct Cadillac type water thermostat into block. Proper type has a small stopper on bottom of thermostat. This stopper will drop down to block the hole in block below thermostat. This type of thermostat will retain the Cadillac factory quick engine warm up feature.  195 degree thermostat MTS part # CS02.
· Clean and examine both exhaust manifolds for cracks. They were VERY prone to cracking. It is also a good idea to have the exhaust manifold gasket area re surfaced. This is very important if manifolds had leaks. The hot gases leaking tend to distort the gasket surface. 
· Bolt reconditioned manifolds with gaskets to engine. Torque bolts from center of manifold out. Torque to 35lbs.
Install transmission flex plate:

· NEVER use a flex plate with the three almond shaped cut outs as shown in below photo. This early style plate was very prone to cracking. Replace with late style solid style plate. MTS part #DT14.  This is especially critical for Eldorado’s due to extreme difficulty to replace unit. Changing a broken flex plate will require engine and transmission removal.
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· Used flex plates should be thoroughly cleaned and examined. Check for signs of cracks at all bolt holes. Examine ring gear for chipped or missing teeth.
· Install flex plate with concave side of plate toward engine block. Torque bolts to 75 ft. lbs. torque.
· Flex plate is installed correct when outside edge of ring gear is .75” from transmission mating surface of block.
· Rotate engine and watch ring gear for excessive run out or wobble. Replace unit with a new one if there are any signs of cracks or run out. 
· Prior to engine installation verify that transmission torque converter is installed correct. If converter is not full engaged to transmission, it will bind against flex plate when transmission is bolted up. This can cause severe engine or transmission damage.
· When engine is installed to transmission, torque converter should rotate freely by hand. If it will not, the converter is not fully engaged in transmission. You must remove engine and get converter seated correct. 
  Install crank hub, crank pulley, and verify timing mark accuracy:

· Clean and inspect the press on crankshaft hub. Check groove for crank key for burrs or galling.  Examine hub surface where timing cover oil seal rides. Run your finger nail over this surface. If your nail catches in a groove, hub should be sleeved to provide fresh surface for seal. Use MTS part# EP107 hub repair sleeve. 

· Apply thin coat of engine oil to inside and outside hub surfaces. Place hub on crank and rotate it to engage crank key. Press hub on by hand as far as it will go. 
· Do not drive crank hub on with a hammer! Severe crankshaft or thrust bearing damage may occur!
· Use a 9/16” diameter fine thread bolt and several washers to pull crank hub on. Hub is fully installed when crank snout is about ¼” from end of hub.
· Install proper crank pulley or pulley & Balancer combination on hub. Hub and pulley have one hole offset drilled. This allows for pulley to only be installed one way. 

· Install timing mark tab on engine front cover. 

· Rotate crankshaft in clockwise direction and observe #1 cylinder intake valve. This is the second vale from front of engine on passenger side. As this valve begins to close, the #1 cylinder is approaching top dead center. 
· Carefully insert a clean long thin screwdriver into the #1 cylinder sparkplug hole. Use it to follow the upward travel of piston as crankshaft is rotated. 

· When piston reaches top of its travel, compare timing marks on pulley and timing tab. They should be close or right on. The piston stays at top dead center for several degrees of rotation. If you can get the timing marks to align within this few degrees, no correction is needed. 

· This check is very important if you have changed pulleys. Timing mark locations varied on different year engines. The timing tabs were also different from year to year. If your pulley and timing tabs are not an original matched set, you will need to make a fresh mark on the crank pulley to indicate top dead center.
  Prime oil system, verify dip stick accuracy: 

· Select correct oil filter for your application. Oil pump part number is cast on body of oil pump. Engines using part #M58G pumps use AC brand filter #PF45. Engines using pump part #M58F use AC brand filter #PF24
· Fill crankcase short 1 quart of oil.  All styles of Cadillac oil pans except the 1968-1978 Eldorado pans have a 5 quart capacity with a new filter.  The Eldorado pan has a 6 quart capacity with new filter. 
· Install oil pressure sending unit in engine. Proper location is at rear center of engine by transmission mating surface.
· Hand prime engine oil pump. Use a speed handle with a flat blade screw driver socket attachment. You can also modify an old distributor for this task. 
· Prime oil system until oil flows from all rocker arms. Stop hand prime of system. Allow 5 mins. For oil drain back into oil pan.
· Insert oil dipstick into engine. Check accuracy of marks. Stick should read 1 quart low. If stick needs to insert deeper, top of dip stick tube may be trimmed. You may also just make your own new file mark on stick. Add final quart of oil to engine. Check or file mark stick for correct full level.

Install distributor, spark plugs, valve covers and ignition wires:

· If engine is still set at top dead center the distributor may be installed. If you have rotated engine you must turn it over until you see the #1 cylinder intake valve begin to shut. #1 cylinder is then preparing to fire and approaching top dead center. 
· Photo’s that follow show correct position of  HEI distributor housing in engine.
[image: image2.jpg]s -
R s





HEI distributor correct location viewed from driver side of engine toward passenger side of engine 
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Point distributor correct location viewed from passenger side of engine towards driver side of engine.
· Distributor photo’s show #1 cylinder terminal marked on each type of distributor.
· Photo’s also show distributor in a general position useable to start engine. Engine timing will be set after engine break in. 
· Mark body of distributor directly in line with #1 terminal. Remove distributor cap and point rotor to align with mark.
· Slide round distributor gasket up onto distributor body from bottom of distributor.
· Install distributor in engine. Rotor will turn as distributor drive gear engages cam gear. 
· Bottom of distributor must also engage slot in oil pump drive shaft. Distributor will not fully drop down into engine until it does.  Distributor can also bind on gasket. Make sure gasket is seated flat on distributor base.
· Rotate engine clockwise until distributor drops down into engine. Continue to rotate engine clockwise until intake valve begins to close. 
· Rotate engine until timing mark aligns with top dead center mark. Verify that distributor rotor is pointed exactly at #1 cylinder terminal in distributor cap. This is a very important step to insure desired immediate engine start up.
· If distributor rotor is not pointed in correct direction, remove distributor and repeat above procedure.  
· Install distributor hold down clamp. Tighten clamp so distributor is secure, yet can still be rotated with some effort. You may need to rotate distributor slightly to get engine to start.
· Attach vacuum advance hose to distributor. Attach required wires to distributor or coil as required.
· Install valve covers and gaskets. Hook up PCV valve and valve cover breather.
· Gap and install spark plugs. Torque plugs to 25 ft. lbs. Engines equipped with HEI Ignitions use AC brand plug # R45XLS6 or equivalent. These plugs should be gapped at .045”. Engines with point type distributors use AC plug # R44N or equivalent.  Gap is .035”. Point dwell angle range of 28-32 degrees.
· Install spark plug wires in correct firing order into cap. All engines use the same firing order of 1-5-6-3-4-2-7-8. This order follows a clockwise rotation from the #1 plug wire terminal of distributor cap.  #1 terminal is located in different positions on point style or HEI distributors. See prior photos for correct locations. 
· Cylinders are numbered from front of engine to back. Passenger side of engine has cylinder #’s 1-3-5-7. Driver side of engine has cylinder #’s 2-4-6-8.
· Double check wire placement and firing order. 
Install carburetor, fuel lines, throttle linkage, vacuum hoses and fill cooling system:

· These components are added using standard workmanship. Verify tight fuel line connections. Operate throttle and linkage by had. Verify good throttle motion with no binding or sticking. Make sure throttle return springs are in place and working. 
· Vacuum hose connections vary from year of engine. Follow drawings from correct year shop manual for your application. 
· Verify that all vacuum ports or openings are used or sealed on both intake manifold and carburetor. Factory intake manifolds have A/C bracket mount bolt holes that enter manifold runners.  An open bolt hole or fitting can cause a severe lean condition. This can overheat and damage engine during break in. 
· Install all belts, hoses, cooling fan and shrouds, exhaust system and so forth to bring engine to complete running condition. Engine must be completely assembled so it may run for 25-30 minutes non stop. DO NOT START AN ENGINE THAT IS NOT FULLY HOOKED UP WITH ALL REQUIRED COMPONENTS!
· Fill cooling system. Allow time for air pockets to disperse. Add coolant again as needed.
· Check engine oil level, power steering fluid level, transmission oil level, and cooling system. Engine is now ready for start up.
Start engine and test run for camshaft break in:

· Initial engine test run should always be considered a two person job. Your helper should be seated in the vehicle. They will control the ignition, throttle and engine RPM, monitor oil and water temp, and time the break in period of 25-30 minutes from start up.
· Temporary installation of an inexpensive aftermarket gauge set is highly recommended. You would like to monitor engine RPM, oil pressure and water temperature.  
· The cost of these gauges is negligible in comparison to the problems they can detect and prevent. Even if you never use them again.  Photo below shows these gauges placed in cowl area with hood closed. Make sure tubes and wires to gauge set are secured away from all linkages. Leave slack for gauge set to rest in cowl area. Hood gauge set clear when closing hood.  I leave these gauges installed for initial start up and the first 100 miles of road testing. 
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· Have helper prepare to start engine. Pour a splash of gasoline down carburetor to help engine start.  Turn key to crank engine. Engine should either start right up or backfire from carburetor or exhaust. 
· In case of backfire, stop cranking starter. Distributor can be rotated approximately either 1” or so forward or backward from initial setting. Turning distributor body toward front of car advances spark. Turning toward rear of car retards spark. Engines that are cranking hard indicate too much advance. 
· Try starting engine again with new distributor position. Engine should start with distributor rotated no more than 1” or so in either direction from initial position. If engine will not run, firing order or distributor installation is incorrect. Go back to those sections of instructions and re-check your work.
· IF ENGINE FAILS TO START, KEEP CRANKING TIME TO A MINIMUM! CHECK ALL IGNITION CONNECTIONS AND FIRING ORDER. 

· Once engine starts immediately raise RPM to at least 2000. 
· DO NOT LET ENGINE IDLE. ESPECIALLY ENGINES EQUIPPED WITH PERFORMANCE CAMSHAFTS AND VALVE SPRINGS. CAMSHAFT FAILURE CAN OCCUR!!!

· While engine runs at 2000-2500 RPM person inside vehicle should monitor oil pressure, water temp, engine RPM and start up time. 
· Initial start up oil pressure may register as high as 60lbs. These readings will begin to drop as engine warms. Oil pressure should stay above 40 lbs. at all times at 2000 or more RPM. 
· Person outside vehicle should be inspecting entire engine and engine compartment. Look for and signs of oil or water leaks or other obvious or significant problems. 
· IF PROBLEMS OR LEAKS ARISE, TURN OFF ENGINE!! DO NOT ALLOW ENGINE TO IDLE UNTILL CAMSHAFT BREAK IN IS COMPLETED.

· Correct problem and re start engine. Continue to observe engine and compartment for signs of trouble. 
· As engine warms it is normal for some smoke to rise from engine. Engine paint will discolor and smoke from tops of exhaust ports on cylinder heads. This discoloration is normal if it happens in a uniform manner to all exhaust ports. 
· Ports that discolor much faster or burn paint very bad are an indication of extreme lean condition in those cylinders. Glowing exhaust manifolds or header tubes are also caused from the same condition. Turn off engine immediately and fix the trouble. Check for vacuum leaks, incorrect carb settings; advance timing with slight turn of distributor to front of vehicle.
· If there is no indication of overheating, major oil or coolant leaks, or unusual noise continue to run engine at 2000-2500 RPM for the remaining 25-30 minute period. Monitor gauges for at least 40psi oil pressure and no more than 220 degree water temp. Shut engine off immediately if engine does not maintain proper oil pressure. Turn engine off if coolant temp rises above limit.
· If engine exceeded 220 degree coolant temp, allow to cool down completely. Check cooling system level when safe to do so. It is quite common to have an air pocket trapped in block on initial system fill.  Add coolant as needed. Restart engine and bring to 2000-2500 RPM.  Continue break in running for remaining time period.
· Engine may also have overheated from severe timing retard. After engine has cooled, rotate distributor toward front of car. Turn it far enough so that engine is hard to crank when starting. Turn distributor back until engine will just start. This will favor a cooler running advanced timing.  Immediately bring engine back to 2000-2500 RPM. Finish remaining break in time at required RPM.
· Should you see a minor coolant or oil leak sometimes engine shut down will not be necessary. Continue to watch the leak. Turn off engine if leak appears to get big enough to lose enough fluid to compromise engine.  Otherwise continue run in and repair leak after test run.
· After 25-30 minute high RPM break in, try to idle engine. Install timing light and set engine to 6-8 degrees initial timing. Do this with vacuum hose disconnected from distributor. 
· Adjust carburetor for approximate 800 RPM idle speed in park or neutral. 
· NOTE: Engines equipped with performance cams and valve springs may have slight mechanical sound from valve covers. This is normal. Many performance cams use a very high rate of valve train motion. This adds sound from the faster seating of the valves against head. A sound like a well adjusted set of solid lifters is normal with these cams. 
· Once timing and carburetor are adjusted to allow for proper idle, engine is ready for road testing. 
· Shut down engine and drain out oil while engine is still warm. Replace filter with new. Refill crankcase to correct capacity. Change oil prior to road test. Camshaft break in lube in oil can hinder proper piston ring sealing and seating. 
Engine road testing and piston ring break in procedure:

· Allow at least for one hour of uninterrupted engine run time. I prefer to run car up and back a loop of four or five exits on the interstate. DO NOT BABY THE ENGINE. ACCELERATE AT OR NEAR FULL THROTTLE ONTO HIGHWAY.
· Your goal is to bring engine up to full operating temperature. This can be from 180-210 degrees depending on outside air temperature. If you can take a test route that includes a steep hill to pull up, this is an excellent place to make the engine work. 
· You are trying to keep engine temperature at upper safe limits as described above. In other words take it out for a good hard ride. Vary your speeds. Romp on the gas pedal and let engine rev to peak RPM shift points a few times. Also do some periods of steady state cruise.  This will help the piston rings to seat properly.
· A fully warmed engine should maintain at least 15psi of oil pressure at hot idle in gear. Oil pressure at cruise speeds should be 35psi or more. 
· Never let engine exceed 250 degree coolant temps. Shut down engine and correct problem. 
· After 100 miles of break in use you can remove temporary gauges if installed.
· Change oil and filter again at 1000 miles. Oil and filter changes at 3000 mile intervals from then on.
· Re check all belts, hoses, fittings, and wires. Check all fluid levels. Installation and break in are complete. Hope you enjoy your big Cadillac engine for many, many miles.
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