
COOLING SYSTEM - WATER PUMP
If you notice any noise or leaking from your water pump it is probably bad and should be replaced right away.  If the pump fails entirely the fluid may leak on your belts and they will need to be replaced as well, or if the pump seizes it will destroy the timing belt as well ‑ which could lead to very expensive valve damage.  

The water pump replacement is particularly unpleasant because it requires pulling the timing and balance belts to get to it.  You may want to consider replacing the belts at the same time.  

Changing the thermostat at this time is also a good idea as it's very difficult to get to otherwise.  The water pump has been updated several times. The current New factory part number is 951 106 021 10, the factory exchange water pump is 951 106 921 X ($100.00 core charge).  If you update to the latest pump, you will also need the updated thermostat (p/n 944 234 160 00), otherwise you can use the old style thermostat (p/n 944 106 129 05).  The rebuilt pumps may not be the bargain they appear to be, and some mechanics will refuse to even install a rebuilt pump because they've had so many fail. (see section 7.3 for information on removing the thermostat snap ring.) 

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

From: Gregor Diseth gsdiseth@efn.org 

Subject: Water pump woes.

It appears that the water pump bearing is failing.  It is not leaking, but there is a sound at the front of the engine that is not normal, kind of a rattly, grating sound ‑ somewhat subtle.  I confirmed the location by using a short section of hose as a stethoscope.  The sound is coming from the water pump where it emerges from under the plastic belt cover. 

The moral of this story is that this water pump is 16 months old and has 15,000 miles on it.  What! you say.  I stupidly used a rebuilt water pump, since $100 was much cheaper than the $400 factory pump at that time.  Sigh.  Well, now I have learned.

I am getting the belts retensioned next week, so when we are in there, we can get an accurate idea of what is going on.  For the list's information, I purchased the rebuilt pump from Tweeks in Indianapolis, so you may want to think hard before considering a rebuilt pump from them.  It is warranted, but it doesn't cover the labor to R&R the pump, the major cost. 
Gregor ‑ 89 944 2.7

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

The following technical information is reprinted with permission from "Import Service" magazine, April 1993 issue.**

There have been a number of bulletins about water pumps. Many pumps were replaced when a small discoloration appeared around the pump housing weep hole (arrow). This dampness does not necessarily mean the pump is bad. Our photo shows a disassembled pump replaced for a more serious leak.

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

Subj:
Re: Drive belt replacement

From:
gsdiseth@efn.org  (Gregor Diseth)

To:
     Bora450@aol.com

On Wed, 6 Aug 1997 Bora450@aol.com wrote:

>In reference to the water pump, can anyone answer whether it is better to >purchase a new pump versus a rebuilt one?  Since the pumps seem to have a design >weakness, does anyone rebuild to a higher standard?  Better bearings perhaps?

----------

I would be wary of non‑factory rebuilds.  I just spent a fortune on labor to replace a rebuilt pump from Tweeks that only lasted 15,000 miles.  The pump was guaranteed, but labor was not covered.  Factory rebuilt pumps should be ok, and don't cost much more than aftermarket.  The aftermarket pumps all claim to have 'improved and larger roller bearings for long life.' I would buy a new factory pump.. the extra expense pales in comparison to the labor (hired out or your own) to change a prematurely failed one .. please learn from my mistake.

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

>How about the water pump?  I've heard that expected life is 30k.  Is there any >reason to change this thing preventatively?  Or should one not mess with it if >there are no leaks or noises?  

----------

My expectation of the 944/924S water pump is in the 70‑100K mile range.  My 83 944 received one at 75K miles.

George Beuselinck, georgeb@mhv.net , 944 Ecology

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

Michael Belfoure

mbel4@america.net 

Subject: Water pump replacement

The cross member is what I use to support the car for this job. Consider removing the radiator since it is easily done.  Although not required, the extra 6 inches of room will be appreciated while doing your work.  You can flush the radiator with a hose while it is out.  Maybe even replace the thermo‑switch ($15) while you at it since they fail at the worst times.

I don't know what A.A. includes in their seal kit but you should have 4 seals, 2 O‑rings and 2 paper thin clear seals.

Make sure you have the twelve point triple square tool for the cam bolt.

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

From: Douglas Holtsinger dsh@crl.com 

Subject: Re: The Cooling Problem from Hell (long)

To: jeasley@jove.acs.unt.edu  (Easley Jerry W)

There's one other thing you might look into.  In the February issue of Excellence magazine, Jim Pasha has an article about the 944 cooling system and he mentions an inner seal inside the water pump.  The seal is apparently designed to help block off the flow of recycled coolant from the engine when the thermostat is fully open. 

In the article Jim says, "if it is missing or damaged, the normal operating temperature will be affected.  Fully cooled coolant will not enter the system, thus making it run hotter."   He also says, "Many service people do not realize it is there. [..]  I have seen some rebuilt and new pumps with that seal missing."

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

From: Frenna@aol.com 

Subject: water pump question

I'm sure this has been beaten to death in the past, but I just got back 3 fax quotes from Zim's, McGill, and Vertex on a list of stuff for my 924S.  McGill and Zim's indicate that Porsche no longer provides "new" water pumps, but rather remanufactured units (presumably by the OEM) Zim's claims, which I have heard before, that the rebuilt units which they offer have better seals and bearings than the factory units. Vertex offers the new unit, but I suspect it is just the OEM rebuilt plus the core charge. Since prices for these vary widely among suppliers there must be more than one rebuild source. I can see the seals being better, but the bearings? Seems like only 1 size bearing would fit the application, and it’s hard to imagine much room for improvement there. I have to admit I am still tempted to stick with the factory rebuild, since they may have a lower tolerance for wear on the parts, and me less economically motivated to avoid replacing things like shafts. Any opinions?  BTW, Zims and Vertex are very close on price except for the transmission damper plate, where Vertex is lower by 90 bucks. McGill is not much more either, and being a dealer may be better at providing the right current parts, though they are almost 200 bucks more on the damper. All three returned my faxed quote request within a few hours. Its a nice and efficient way to shop, I would think they even prefer it, since they can bid it during lulls in work.

Frank Renna

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

From: Bill Shook skydven@ibm.net 

To: wild5@flinet.com 

Subject: Re:  water pump

My mechanic told me that one way to check a water pump is to grab the pulley on the front (the big one that drives the pump, not the other) and try to move it side to side, and up and down.  If there is any play in that bearing at all, you're on borrowed time.  Mine had play, not it's new.  Too much money riding on that damn water pump not seizing so it's OUTA there.  By the way, Bill, 85.5 944

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: Bill Shook skydven@ibm.net 

To: bart.herring@mdmnetwork.com 

Subject: Water pump checking

>1.  Water pump replacement.  I am not certain how old/miles the existing pump >has.  I have put about 30K on it.  Is there a way to test (eyeball it) to >determine condition?  Should I just change both the pump and the stat while I >am in there?

----------

I asked the same question of my mechanic when I had mine apart last month.  He said grab the belt driven pulley and try like hell to move it (up/down/left/right).  If there is ANY play WHATSOEVER in that bearing, replace the pump.  Mine had some play, the new one did not...

Bill

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: Matthew Kramer mkramer@netonecom.net 

Subject: Water Pump Pricing

From: "Menelaos N. Karamichalis" 

>I had the impression that all 944 water pumps these days, even from their dealer >were rebuilt.  I felt robbed when the shop mentioned $280 for what I thought was >a rebuilt pump.

----------

There are indeed new pumps available, and I wouldn't recommend anything but.  The Porsche pump rebuilding program tends to yield poor results (on the other hand, I've never heard or had a problem with Merced‑Benz rebuilt pumps), building pumps with very short life spans.  Some rebuilders may do a great job, granted, but there's no way of really knowing if your pump is one of the good ones.

As for the price...  I don't know if this is average or not, but I just got a quote on a new water pump for my 85.5 944: $400.  Still, $280 might be a little high for a rebuilt.  Although Performance Products sells rebuilts for $129.50.  What confuses me is they say an additional core charge of $100 will be refunded upon return of your old pump....  I can't imagine their pumps end up being only 29.50, so that $129.50 figure is probably AFTER core return.  And remember that if you have an older 944 (pre‑1986 I believe) that has not had a pump replaced since 86 (again, I'm winging it, don't remember for sure), you will need a water pump update kit for the newest pumps to fit.  I believe the kits run about $60. 
Matthew, 85.5 Guards Red 944

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

From: Marv De Beque debequem@rcinet.com 

Subject: Water Pump World (cont)

I see Vertex has a special on new Porsche water pumps (these are not high heel shoes!) for $189.00 for the Turbo 944s.

Marv

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

From: Marv De Beque debequem@rcinet.com 

To: jefffischer@ibm.net 

Subject: RE: Water Pump

You may want to reconsider a rebuild versus a new water pump.  I just bought a brandy new one from Vertex for $189.  Vertex assured me that they get Factory OEM pumps direct from the manufacture.

The pump should be here any day and I was treated very, very well.  You may need to order the update kit (center guard rail, nuts, and a roller) as well as modify your rear plastic shroud for the update.

Marv

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

From: Marv De Beque debequem@rcinet.com 

Subject: Warning!  Watch What Water Pump You Buy!!!

After buying the second water pump (a brand new one from Vertex) it seems that some of the rebuilt pumps and the "new" Vertex pumps will not fit the standard Porsche thermostat (part number 944 106 019 00 and the support washer 900 234 169 00)!

I have not finished this nightmare, but as soon as I get it resolved I will post the results.

The solution may be purchasing the old version thermostat.

Thermostat  944 106 129 05

O' Ring     944 106 132 02

Snap Ring   900 042 025 01

Both the length of the thermostat, and the distance between the snap ring groove and the shoulder of the water pump thermostat mounting is not the correct dimensions for the Porsche thermostat (part number 944 106 019 00).  



‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

Subject: Re: Seized Water Pump, 5/31/98

From: "Clark Fletcher" fletch@twave.net 

When I replaced the water pump, I used a rebuilt pump. My friend who works on a lot of 944s never uses rebuilt pumps and recommended that I get a new one. However, the company he recommended was out of new pumps so, I settled for a rebuilt one. Recently, when I started accumulating parts for the 2.8L I decided to start with a fresh water pump.  I found a decent price on a new one so, I got a new one instead of a rebuilt one. The impeller on the new one turns much more freely by hand than the rebuilt one did when I got it. I'm not sure if that's good, bad, or if it even makes a difference.

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

Subject: Re: 951 Water Pump, 7/8/98L

From: "Clark Fletcher" fletch@twave.net 

The new style pump has a belt guard as you have already stated. It also has a belt roller that was not part of the old pump. If your car has never had a new style water pump installed, the rear timing cover will have to be modified to use the new style pump. You should also change the thermostat at the same time. On the new style pumps, the snap ring groove for the thermostat is further away from the ledge where the thermostat sits. This requires a spacer (900 234 160 00) to keep the thermostat from moving around. The gasket (944 106 929 08) for the new style thermostat (944 106 019 00) is also somewhat different. Also, the o‑ring for the supply nozzle off the pump going to the turbocharger will need to be replaced. The part number in the 944 Parts and Technical Reference Catalog has been superseded. The most current number I have for the O‑ring is 900 174 049 40. I don't recommend trying to reuse the old o‑ring. The nozzle is plastic and I've seen several people crack the nozzle trying to torque it down to stop an old o‑ring from leaking. When I pulled my old nozzle off, I found the turbocharger thermostat was broken. The part number for it is 951 106 311 00. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑----------------

<!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 3.2//EN"><DIV align="center">Water Pump Replacement

</DIV>
<DIV align="left">Tools Needed

Floor Jack 

Jack Stands or Ramps 

Drain Pan 

Metric Socket Set 

Metric Combination Wrench Set 

Timing Belt Tensioning Tool (P9201) 

Balance Shaft Spanner Wrench (P9200) or equivalent 

Flywheel Lock (P9206)

Parts
There are two different styles of water pumps used on the 924S and 944 (including Turbos). The new style coolant pump has a guardrail for the timing belt and a larger idler roller (46.2 mm vs. 32.0 mm). The new style was installed on all cars produced after July 1986. I recommend installing the new style pump when replacing the water pump. For cars that previously did not have the new style pump installed, this requires modifying the rear timing cover and purchasing a belt guard and larger idler roller. Some of the new style pumps will come with the belt guard already installed so ask your parts supplier when ordering. The groove for the thermostat snap ring has also been moved. Previously, it was 4.5 mm from the sealing surface and is now at 7 mm. This requires the use of a new thermostat and spacer. 

On Turbocharged cars, there is a nozzle on the water pump that supplies cooling water to the turbocharger bearing housing. On Normally Aspirated cars the nozzle is a block-off plate. The block-off plate / nozzle is sealed to the water pump by an o-ring which should be replaced when the new pump is installed. On some pumps, the block-off plate / nozzle is mounted using a 6 mm stud and nut and a 6 mm x 20 mm bolt. However, most of the new pumps come with two boltholes. This requires transferring the 6-mm stud from the old pump to the new one or purchasing another 6 mm x 20 mm bolt.

Part Numbers
PRIVATE
<!-- Row 1 Column 1 -->Model <!-- Row 1 Column 2 -->
Old Style Pump <!-- Row 1 Column 3 -->
New Style Pump 

<!-- Row 2 Column 1 -->924S, 944, 944S <!-- Row 2 Column 2 -->
944 106 021 13 <!-- Row 2 Column 3 -->
951 106 021 10 

<!-- Row 3 Column 1 -->944 Turbo <!-- Row 3 Column 2 -->
951 106 021 01 <!-- Row 3 Column 3 -->
951 106 021 10 

Other Parts
PRIVATE
<!-- Row 1 Column 1 -->New Style Pump <!-- Row 1 Column 2 -->
Part Number 

<!-- Row 2 Column 1 -->Guard Rail <!-- Row 2 Column 2 -->
944 105 213 01 

<!-- Row 3 Column 1 -->Guard Rail Lock Nuts (2) <!-- Row 3 Column 2 -->
999 084 092 02 

<!-- Row 4 Column 1 -->46.2 mm Roller <!-- Row 4 Column 2 -->
944 105 241 03 

<!-- Row 5 Column 1 -->Block-off Plate / Nozzle <!-- Row 5 Column 2 -->
Part Number 

<!-- Row 6 Column 1 -->Block-off plate (NA cars only) <!-- Row 6 Column 2 -->
944 106 313 00 

<!-- Row 7 Column 1 -->Nozzle (Turbo Only) <!-- Row 7 Column 2 -->
951 106 313 00 

<!-- Row 8 Column 1 -->Thermostat for Turbocharger <!-- Row 8 Column 2 -->
951 106 311 00 

<!-- Row 9 Column 1 -->O-Ring (NA or Turbo) <!-- Row 9 Column 2 -->
900 174 049 40 or 999 707 283 40 

<!-- Row 10 Column 1 -->Washer (2) <!-- Row 10 Column 2 -->
N 011 524 7 

<!-- Row 11 Column 1 -->Bolts 6 mm x 20 mm (2) <!-- Row 11 Column 2 -->
N 014 704 1 

<!-- Row 12 Column 1 -->Thermostat <!-- Row 12 Column 2 -->
Part Number 

<!-- Row 13 Column 1 -->Thermostat (New) <!-- Row 13 Column 2 -->
944 106 019 00 

<!-- Row 14 Column 1 -->Thermostat (Old) <!-- Row 14 Column 2 -->
944 106 129 05 

<!-- Row 15 Column 1 -->Spacer (New Style Pump) <!-- Row 15 Column 2 -->
900 234 160 00 

<!-- Row 16 Column 1 -->O-Ring (New Thermostat) <!-- Row 16 Column 2 -->
944 106 929 08 

<!-- Row 17 Column 1 -->O-Ring (Old Thermostat) <!-- Row 17 Column 2 -->
944 106 929 05 

<!-- Row 18 Column 1 -->Thermostat Snap Ring <!-- Row 18 Column 2 -->
900 042 025 01 

Procedure 

Place car on jack stands or ramps. 

Disconnect battery positive lead. 

Place engine at TDC on cylinder number 1. 

Turn the crankshaft by hand (24-mm socket) until the mark on the camshaft sprocket is aligned with the pointer in the round hole on the front of the distributor housing. 

Check that the "OT" mark on the flywheel is aligned with the tab in the bell-housing window. The window can be seen at the back of the engine looking down from the "oil fill tube side" of the car. 

Turn the crankshaft by hand until the "OT" mark is aligned with the tab in the window. 

Remove the starter and install the flywheel lock (P9206). 

Remove the balance shaft belt, timing belt, rollers, balance shaft sprockets, crankshaft gear, and rear timing cover as described in the BELT REMOVAL procedure starting at Step 4. 

Drain the radiator in to a catch pan by removing the drain plug at the bottom left-hand side of the radiator (looking from the back of the car to the front).

Note: Coolant will probably run onto the lower radiator support to the opposite end of the radiator. Position an extra catch pan or small bucket at the opposite end of the radiator.

Disconnect the coolant hoses from the water pump. 

Loosen the water pump retaining bolts and nuts (10-mm socket) and remove the water pump from the car. 

Tip: This is a good time to inspect and replace the crankshaft and balance shaft oil seals. 

Install thermostat on new water pump using Snap Ring from old pump. 

On Turbocharged cars install the turbocharger thermostat and thermostat nozzle with o-ring on new water pump. 

On Normally Aspirated cars install the Block-off nozzle with o-ring on the new water pump. 

Install the new water pump using a new gasket (normally supplied with the pump).

Note: The factory manual has you install the water pump fasteners using Loctite 270. This is fine for the nuts. However, I prefer to not use it on the bolts as is increases the probability of stripping the boltholes during the next removal.

Tighten the water pump nuts and bolts to 8 Nm (6 ft-lbs). 

Install the rear timing cover. 

Install the water pump idler roller. Tighten the idler roller retaining bolt to 45 Nm (33 ft-lbs). 

Install the timing and balance shaft drive gears onto the crankshaft. Ensure that the lip on the timing belt gear is facing toward the front of the car. 

Tighten the crankshaft gear retaining bolt to 210 Nm (155 ft-lbs). 

Remove flywheel lock (P9206) and install starter. 

Install the timing belt idler roller (between the camshaft sprocket and the crankshaft timing belt gear. Tighten the mounting bolt to 45 Nm (33 ft-lbs). 

Install the timing belt tensioning roller and locknut. Do not tighten locknut. 

Install and tension timing belt using the CAM-BELT INSTALLATION procedure. 

Install balance shaft idler roller and locknut. Do not tighten locknut. 

Install balance shaft tensioning roller and locknut. Do not tighten locknut. 

Install balance shaft sprockets and belt (and tension) using the BALANCE BELT INSTALLATION procedure. 

Install the crankshaft pulley to the crankshaft gear. (Four bolts) 

Tension the pulley mounting bolts to 13 Nm (9.5 ft-lbs). 

Install the front timing belt covers. 

Install alternator and power steering belts and retension. 

Install the air filter assembly. 

Reconnect battery. 

Install radiator drain plug. Fill coolant system with properly mixed coolant and vent using the COOLING SYSTEM VENTING procedure. 

Subject: Re: Water pumps, 2/21/99L

From: Jim Cooper xdecman1@earthlink.net 

Just found the tech bulletin about coolant pumps. It is Group 1, number 8615. It states:

"A small leak from the coolant pump breather hole during the first approximately 1,000 miles of vehicle operation is normal.  The coolant pump only needs replacement if there is a noticeable leak like coolant on the garage floor or coolant level drops below minimum mark with a cold engine"

I wonder if this small leak turns into the brown stain that leads to pump replacement.  Also says that sweating at sealing areas does not justify the replacement of the coolant pump, cylinder head gasket or coolant hoses 

Subject: Istook: Re: Labor to change Water Pump, 3/5/99L

From: Don Istook istook@cyberramp.net 

Chilton's 1995 labor guide states to change a W/P:

8.1 hrs. for 924S/944

8.7 hrs. for 951/944S2

6.5 hrs. for a 968

All the belts come off first, so there should be no labor charge to reinstall them.  This labor figure to not include any seal replacement.  

We charge 8 hrs. for a 944 @ $60, so I quote $480 labor to do the pump and Belts.

Subject: Re: RTV Silicone on water pump? 2/8/00

From: Markus Blaszak mblaszak@kos.net 

If you installed the thin paper type gasket that comes with rebuilt pumps you have identified the leak.  This aftermarket gasket is garbage and will only seal if used in conjunction with a silicone material or equivalent.  The Porsche rebuilt or new pumps come with a much thicker fiber type gasket (like business card stock) which do not require silicone or gasket maker material since it is compressive in nature and has a specially coated surface.  If you have a factory gasket installed properly and it is leaking then you either have a damaged sealing surface or the pump is incorrectly torqued down.

Subject: [951] RE: No power to turbo coolant pump, 1/2/01

From: "George Beuselinck" georgeb@944ecology.com 

The circuit for the turbo coolant pump is fairly simple.

1) There is a thermoswitch in the pipe coming from the turbo. If you ground the contact, you should activate the relay that provides power to the pump. The relay should pick and hold for about 30 seconds, even when the turbo is cold.

2) The relay should provide 12vDC and ground to the pump, check it at the connector to the pump.  If no voltage to the pump, check the relay.

3) If voltage to the pump connector and the pump doesn't turn, the pump is bad.

Each of the three items above has about the same failure rate, so it could be any or all of them...

Subject: Re: sealing water pump?? 4/13/01

From: nc-reichema4@netcologne.de 

Water pump gaskets vary in thickness depending on the supplier I found out when I changed mine.  I would apply Hylomar as a function of the surface look of the contact area, engine- and pump-wise.  I used Hylomar cause the water had bitten deeply into the engine surface.  I didn't want to even that out.

Subject: RE: Porsche Fasteners, was Re: Help w/ Cam Pulley Bolt! 12/31/01

From: "Roger D. Albert" ralbert@austin.rr.com 

<< been fooling around with these bolts for quite some years now and, even when done as above, managed to strip a couple of them. >>

----------

I think Hans' procedure is spot on.  It's worked for me on similar situations on bikes many times, however, even it can fail.

Having been warned on the list, I approached this bolt (just last month) with a lot of caution.  I used a good, brand new K-D bit and socket and a little screwjack between the back of the socket wrench and back of the front frame to apply some pressure to the wrench so it _couldn't_ back out, even partially, and contribute to stripping.

Anyway, I kept slowly adding force 'til the bolt turned, or so I thought. Pulled the wrench out and I'd managed to shear all the teeth (very neatly, if aesthetics count :)

I tried a splined extractor too, no luck. Probably lucky it didn't break off.

Then I decided to drill it.  Only problem, couldn't fit any of my drills in. Had to go pick up a right-angle (actually only 70degrees) head Milwaukee drill from sears to fit in the area.

Picking a bit about 1/16 _under_ the size of the _shank_ (not the head) of the bolt. I started drilling (1/32 or 1/64 would be better, but it's too hard to center that accurately).  Anyway, if you do this very slight undersize routine, and center it well, you won't so much as scratch the inside of the cam or anything else.  You basically end up with a bolt with a very thin outer shell still in tact, which just causes the head to pop off of its own accord (the tension being too great for the thin, now 'tubular' bolt to bear)

When this is done right, the head will pop hard and run itself right up the bit.

Even if you don't execute exactly, it will usually turn out fine.  It honestly

only took a few minutes.  It was so easy, I'm tempted to just drill the next one

out from the outset  :)
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