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INTRODUCTION

I'd originally written the letter in Warbird Notes #01 to Bill Harrison, President of the E.A.A’s “Warbirds
of America” in March of 1993. At that time it was suggested that these be published as the first of what
would ultimately become a random series of notes/bulletins/contemplations/recollections concerning
the operation of warbirds as well as other aircraft utilizing large reciprocating engines.

These bulletins were derived from the collective experiences of many people operating and/or
maintaining these aircraft during that period during which they’d been the over-riding majority of the
industry. More than a few of those aforementioned people have subsequently “gone west” so I'd
imagine that this series probably represents the only record of their experiences. It's been my intent to
make every effort to faithfully record their recollections/experiences, along with those that I've
encountered during the years we spent with this equipment. In any endeavor of this type it seems of
great importance that any of these recollections/beliefs/opinions tainted by “Old Wives’ Tales (OWT’s)
be evaluated, and then sometimes, discarded.

As the reader surely knows, this industry is rife with OWT’s. Early on, it became clear to me that many
strongly held opinions were based on that alone, an impression that'd caused a strongly held opinion.
This became evident while listening to opinions expressed by many people with thousands of hours of
experience but, unfortunately, all in turbine equipment. Sad — but true — the two engines are NOT the
same and what may be valid on one may be totally invalid on the other.

Mark Watt and Tim Jackson have requested that | write this brief note of introduction/explanation at
the front of this series of Warbird Notes. For the reader’s information, the small number (within the
parenthesis), to the left of the date in the header, indicates how many times the original note was re-
written. The reader will also find that several of these notes have “things yet to write” at the end. This
is indicative of a “work in progress” and if one of these is encountered please view them as exactly
that!

Randy Sohn — 2008
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#01 HYDRAULIC LOCK ON ROUND ENGINES

| originally wrote this letter to Bill Harrison, President of the E.A.A. Warbirds of America on 21 Mar 93.
It has been suggested that | include it as the first of what will probably be a series of notes or bulletins
concerning the operation of warbirds and other large reciprocating engine aircraft. Also, after
publishing the original letter | became aware of some important additional information from Dave
Clinton which I'll add to the last page at the end of the original letter. These bulletins are distilled from
the experiences of many people with these aircraft over the years; I'll attempt to faithfully record their
recollections and experiences.

Dear Bill,

This past weekend at Galveston at the warbird conference left me with a feeling of concern about the
confusion that still exists regarding hydraulic lock on round engines. | guess what prompts this letter is
the questions people asked me after the meeting; apparently these were what several people were
afraid to ask in public in a seminar of over a hundred people. For more years than | care to think
about we've talked about this problem all over the country (or world, for that matter) and we are still
seeing HIGH dollar damage to the engines of our assorted vintage aerospace vehicles.

Jim Fausz and | discussed this the day preceding the conference and agreed we would re-tackle the
subject during the maintenance portion of the first day. When Jim got to this part we were interrupted
and never did really get into it as we intended. The next day we did have some discussion of it and
that is where | could see evidence of what happens when pilots with flat engine and/or turbine engine
backgrounds start operating radials. Unh - upon further reflection and consideration of the above
statement | believe I'l modify it and say that I've seen mistreatment of these machines by people
whose experience goes back (W-A-A-Y back) to WW Il. So, what to do? Maybe including what follows
in a subsequent issue of Warbirds Magazine would be helpful and prevent some expensive engine
damage and possible injury to someone. This is certainly not rocket science. | seem to remember
most of it from way back in cadets or instructor or test pilot school. It's probably available in some old
musty USAF mechanic training manual some pack rat saved somewhere. It was common knowledge
when jets were new and props were conventional. But back then tailwheels were conventional and
nosewheels were not, right? Things change, | guess!

What follows represents my experiences along with those of friends and associates over many years.
Other's experiences may cause them to have differing perceptions of some points. | hope the reader
views this as a form of "hangar flying" and will feel free to share his/her comments or questions. And
keep in mind I'm just an instructor pilot trying to communicate the things we've learned the hard way,
not a professional writer!

First, we should probably take a look at why this happens, and then later discuss how to deal with it.
Whenever a radial engine remains shutdown for even a short period of time the possibility exists of oil
draining into the lower cylinders. Obviously, the longer the period at rest, the greater the possibility
that the amount of oil will exceed the combustion chamber volume available at the limit of the pistons'
travel, also referred to as Top Dead Center (TDC). Upon subsequent rotation (in a forward direction)
as the piston approaches TDC of the compression stroke both valves will be closed. The
aforementioned oil (liquid) is incompressible and will stop the piston motion. If the crank continues to
rotate, something’s gonna give! In many years of association with Jack Sandberg at his engine shop,
we saw two manifestations of this, heads loosened or blown right off the cylinder barrel and, more
likely, bent or broken connecting rods (lllustration #1). Before you ever get to the point of flying the
thing, a good look at the engine on preflight can tell you all sorts of things if you are unacquainted with
the particular aircraft you are about to fly. A very close look at the area of the cylinder hold-down studs
may reveal either a broken stud or evidence of oil seepage. The same holds true in looking for
evidence of leakage at the cylinder barrel/head interface area. A loosened spark plug insert also is a
telltale of damage.
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A total lock (one which stops crankshaft rotation) while starting is going to result in serious damage to
the engine. Bad as this seems, given my druthers, I'd much prefer this to happen than what ['l
describe next. This would be the case of a partial lockup that wasn't detected (or, perish the thought,
was disregarded as not particularly important) at the time. The piston meets extreme resistance but
isn't completely stopped, the engine jerks and slightly hesitates and then completes the start as the
succeeding cylinders fire. That particular connecting rod can have a varying amount of bend which will
allow the engine to run. What we have here is the equivalent of a time bomb just waiting to fail; the
only question is, when? It would probably take a very mechanically oriented pilot attuned to that
particular aircraft to detect the slight difference in sight, sound or feel between a normally operating
engine and this one and, even if detected, the problem might be blamed on some other mechanical
reason. Howard Pardue and "Doc" Christgau come to mind immediately as examples of the above
situation, flying the same aircraft often, but very few of us can say the same. The failure will very likely
take place under conditions of high power and stress such as a take-off or go-around, just when you'd
least want to deal with it. So, if you're going to have it happen, hope it bends something enough to
make it obvious, then you won't ever get to the second situation. If you do have it happen, STOP.
Don't fly it and don't let your buddy fly it!

Now, what have we learned over the years about how to prevent the situation? In the fifties we had
about 160 B-25s at Lubbock. In the sixties we operated about 35 DC-3s (Wrights) and about the same
number of Convairs on the airline. Everyone was aware of the possibility and the simple procedure of
always rotating six blades with the starter on these engines prior to prime and ignition sufficed. As an
aside, on the Boeing C-97 Stratocruiser we always counted 20 blades first but this was touted as also
being for lubrication of the R-4360’s reduction gearing. At any rate we were taught from the earliest T-
6 days and in turn taught our students what we were looking for while starting. Practices vary
somewhat among different pilots. Probably it's been fairly commonly accepted that if an engine has
been shutdown for 30 minutes or so to check for lock. However, during the process of writing this |
talked to two pilots who experienced it after only 10 minutes. A word to the wise!

Pulling the blades through by hand is one way of detecting hydraulicing. What we are looking for here
is a feel of sharp or sudden resistance (unlike the buildup of normal compression) to continued
forward rotation of the prop. Right here we should mention a very common problem of untrained help
from the crowd whose assistance (they only want to help) can cost you, the owner, big bucks! You
need to know what hydraulicing feels like and make sure only you or someone who also knows is
involved in pulling the prop through. Don't make a gorilla race out of the process - the best description
| can think of is just leisurely walk it through while looking (feeling is actually a better word) for a
problem. We need to talk also about the number of people. I've always taught one person on an R-670
through 1340. Two people on an 1820 through 2800. Three people on a 3350 or corncob. If you think
more, just get a calculator and figure out the foot pounds transmitted to the connecting rod by that
many guys really laying into a 13 foot or so propeller (lever). Jack Sandberg could quote you the figure
off the top of his head (along with about anything else). | can't, but do know that he didn't want any
engines he built and guaranteed to be pulled through by hand. He figured he'd rather rely on the
starter clutch than untrained help in preventing damage. I've done and do it both ways, both have pros
and cons. While on the subject, | just remembered something else. On a four engine aircraft, don't let
people pull through #l and 2 or #3 and 4 simultaneously. One engine's blades will be descending as
the other one's are being pushed by guys with their heads down. This got us a pretty severe scalp
gash on the B-29 a few years back (yes Virginia, there are more blood vessels in the scalp than
anywhere else on the body's surface!).

If you're going to do it with the starter | think it should be done one blade at a time. This never lets
enough momentum build up so as to have to rely on the starter clutch. First, mesh the starter and then
intermittently energize the starter, "bumping" it through blade by blade while being alert for any blade
to jerk to a stop or stall.

You can figure out for yourself the number of blades using either man power or by the starter. For
instance, a 16:9 reduction on a B-25 says just over 3 blades will rotate the power section through a
complete power cycle. I'm probably conservative — on a 3 blade like the Hellcat | usually "bump" an
engine through about 6 blades and then go to continuous starter RPM for another 6 or so. On a four
bladder like the P-47, | use 8 instead of 6. My thought on this is that if any oil is residing in the intake
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pipe | might (see discussion later) suck it into the cylinder at that point while still relying on the starter
clutch to prevent damage. During all the aforementioned I've been acting as a mechanic. After this
process | stop everything, put on my helmet, harness and whatever, then function as a pilot and start
the engine.

Now - the important part. Let's say you detect a lock. Pull a spark plug and drain it! Just hope and
pray no one found it ahead of you and, out of your sight and knowledge, turned the prop backwards!
This is the equivalent of inserting a time bomb in your engine. As Jim Fausz said, "Where DO it GO?"
The answer is, the piston pushes it into the intake pipe where it waits like a "snake in the grass" to be
sucked out as the engine starts (lllustration #2). Then we're right back to the "something's gotta give"
situation. Once someone rotates it backward | don't know of any way to get it out of the intake pipe
except to suck it out. An engine shop foreman with years of experience put it in these words: "DON'T
ROTATE IT BACKWARDS OR LET ANYONE ELSE DO SQ". Some feel that a taildragger probably
accentuates this problem due to the angle of the intake pipe. If | knew it had been done, I'd pull a
spark plug out of all the lower cylinders, disconnect the other plugs on those cylinders, turn it through
with the starter several turns, then start the engine and clean up the mess afterwards. It'll blap and
snort while blowing oil all over everything but — that's the object, isn't it? I've only been around once
while this was done; you don't need to run it more than several seconds to clear it. Too much trouble,
you say? Well, O.K,, it's your engine and you can easily calculate the cost of pulling the cowling and
plugs vs the cost of an overhaul, you might even get lucky. John Lane at Airpower Unlimited (208-324-
3650) can tell you of some failures he's seen and repaired. For those who really want to deal with the
above problem professionally he is developing an improved "blowout" plug (rather than the country
boy approach we used) to deal with the above problem. The original (but now hard to obtain) version
of this plug dates back many years. It temporarily replaces one spark plug with a check valve which
allows the cylinder to create suction on the intake but lets the oil blow out on compression. Honest
disagreement exists over the need to start the engine. Some people feel that just rotating it through
with one plug out at cranking speed will do the trick and they could be right. However, | really question
if enough suction is going to be created at cranking speed since viscosity of the oil also enters into this
whole equation. On the B-29 a Tech Order requires heating the intake pipes when dealing with this
exact problem so we know it is (or was) a matter of concern.

Earlier, | mentioned that abuse occurs even by people whose experience goes back to WW Il. Several
years ago | remember trying to get to the bottom (pardon the pun) of an R-1820 failure. We, on the
investigative board of this particular museum, had heard several people testify that the engine just
self-destructed for no apparent reason, yet the teardown revealed a preexisting bent rod. You can
imagine our astonishment when a respected mechanic with long time experience on round engines at
a major military base said "Well, it couldn't have been hydraulic lock, | helped pull it backwards after
it stopped on the pull through!" (by the way, you're absolutely right, Commander “X” or Colonel “Y”, |
didn't mention whether he/she was Navy or Air Force — let alone Marine, now am | a model of political
correctness/inter—service rivalry avoidance or what?).

Jim Fausz mentioned two other items that apply. The first is obvious; make sure the ignition is OFF
before pulling the prop through. Anyone who's seen a crop duster/ag pilot/aerial applicator (same guy
- just different decades) start a 985 or 1340 on a Stearman with a half hearted leisurely tug on one
blade while walking past the nose would understand. The other is that many of these problems might
be avoided by using the recommended procedure in your aircraft's manual regarding scavenging the
engine crankcase at a certain RPM immediately before shutdown. This made me think of a caveat in
closing, after start and/or before shutdown you should ALWAYS do a mag grounding check at idle just
to make sure the ignition switch is really functioning O.K.

This has gotten much longer then | ever intended when | started. I've talked with a lot of people while
trying to write this. It seems that every time | dredged up something from my memory data bank
someone else said "Yeah, and while you're on the subject shouldn't you also mention XXX?". | guess
what has happened is that we've skipped a generation in passing on what was common knowledge at
one time. | hope you can find some place or forum to use it where it might prevent damage or injury
and we can "Keep’em Flying". I'll just assume you can sort out the tongue-in-cheek from the serious.

Best - Randy
EAA #2054, WB #71
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(15 Dec 93) After writing this Dave Clinton contacted me with some additional thoughts that | wish |
could have included in the original letter. He reiterates that the recommended scavenging upon
shutdown is, at best, not very efficient. Typically 2 %2 to 3 gallons of oil remains in the front sump and
lower cylinders/rocker covers. An additional problem he cites is the "bleed holes" drilled in the oil ring
lands of some pistons which will add to this problem. He mentions that most late Wright manuals he
has read prohibit moving the prop by hand in either direction. Instead of relying on possibly untrained
help they depend on the starter clutch which is typically set at 500-800 pounds of torque. Now, the
most important part of his letter! The installation of the Darton Int'l. "Clean Kit" (619-434-0701) would
eliminate the lock problem on these engines. This kit has been widely installed in the T-28 fleet over

the past few years.
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#02

DECELERATING APPROACH

This is intended as sort of a "to whom it may concern" or "hangar flying" discussion of a question
recently raised. Some comments have been noted that we should fly a "stabilized" approach in the B-
25 as we do in airline and other turbojet operations. Looking at it from a historical perspective,
apparently such a good job of training has been done that we now have what could be called an
"embarrassment of riches" or "over-success". Let me explain briefly (I hope) how we got here and why
we do what we do the way we do it (if you don't want to read through the "why", you can cut to the
"way" in the last couple of paragraphs).

Sometime around the turn of the century (in an aeronautical sense, anyway), actually in the late forties
and early fifties, the USAF was the not so proud possessor of an abysmal flight safety record. Jets
were new but piston mentalities and methods still predominated, after all, that was what had gotten
everyone through the war years and no "deskbound Flying Safety or Ops type can tell me how to fly
airplanes"! "Break left — power off — gear, flaps and boards; first one to the club is the hottest pilot"!
Sounds great, doesn't it? Made great movies, bar stories and — really b-a-a-d accident records.
Attempts to make pilots realize that no one was attacking their macho in asking for a change in
techniques were met with almost universal derision. The message transmitted was "the characteristics
of the machine have radically changed", the message was received/perceived as "those old guys can't
contend with these jets with their increased speeds and all". USAF flight safety publications of that era
are full of what now is recognized as sensible advice. "Loosen up your pattern, get the base leg far
enough out to establish a nice, high drag, 'spooled up' final approach, be prepared for a go-around".
Naval Aviation News magazine featured "Grandpa Pettibone" with his sometimes caustic, but always
sensible, first person advice. The jet engines of that era were notoriously slow to "spool up" from to full
thrust from idle, taking as long as ten seconds or even more in some cases, an eternity on short final.
I've talked to some pilots about this who wish to remain anonymous, even after all these years. I'l
cheerfully indulge them in that small favor since | can't do anything now about their first and most
fervent wish back then. That would have been for the contractor to have built the runway just a few
hundred feet longer — and all on this end! Many aircraft, such as the B-47, were equipped with
releasable "approach drag chutes" to allow a higher RPM to be maintained on final. We flew the T-33
with speedbrakes out on final. Little by little, reason and common sense prevailed when the
characteristics finally began to sink in. This change of attitude took years of training and haranguing
but, gradually, the broken airplanes and bodies began to intrude enough into the collective
consciousness of the pilots to get their attention. Jet engines were different and the stabilized
approach finally became the recognized safe way to get a turbojet on the runway safely.

The airlines, being the "Johnny-come-latelys" to jets were the beneficiaries and taught this from their
earliest days of jet operations onwards. Those who didn't believe often paid a terrible price, along with
their unlucky passengers, for their ignorance and unbelief. High sink rates and un-stabilized
approaches were "out" and represented one of the quickest ways for a recalcitrant pilot to be abruptly
shown the door, cutting short a promising airline flying career. Nowadays, whole generations of pilots
have been brought up with this concept and, in fact, probably have no reason to imagine any other
way of flying ever existed. Herein lies the reason | think we may be somewhat victims of our own
success! Anyone who has spent much time in the airline training business should feel pride in a job
well done, an excellent job has been done over the years convincing everyone that this is the only
safe way to do it, and, itis! W -e -1-1, for the jets anyway, it is.

Another change in the machine was occurring in this postwar era. New aircraft designs were required
to meet the specifications of the new Transport Category (T-Cat) regulations of the (then) Civil Air
Regulations. Wartime twin engine aircraft of the B-25/A-26/B-26 etc., genre were designed to military
specifications, engine failure flight characteristics occupied a much lower rung on the design criteria
ladder. This deficiency occurred both in the case of an engine loss on take-off and on final approach.
There was a period of time after liftoff where continued flight on one engine would not be possible.
This is due to the fact that below safe single engine airspeed (145 MPH on the B-25, for example) the
available rudder wasn't adequate to control the aircraft. This would necessitate reducing the power so
much on the operating engine to prevent an uncontrollable roll that a positive rate of climb could not
be obtained.
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Once Vsse airspeed is obtained, full power is controllable and the aircraft is capable of single engine
flight. Problems are also encountered in the approach regime in aircraft exhibiting this type of
aeronautical bad manners, more on that below. All aviation is a series of compromises. Give a little of
this to get more of that, etc. The genesis for an aircraft that could lose an engine on take-off, continue,
climb out and then land safely goes back to the initial airline requirements specified in a 1932 letter to
Douglas Aircraft from Jack Frye of TWA, engendering the DC-1/2/3 series. Further refining of these
criteria took a quantum leap during the war years, resulting in the aforementioned T-Cat. These
advances greatly benefited the postwar airline fleet and later the business aviation world. Aircraft had
to be controllable with engine failure, both on take-off and approach.

Now, as to why we do it and how we do it. Obviously, we aren't going to be able to do anything to
solve the problem of engine failure after liftoff if we want to fly these old military machines. The only
thing we can do is to give the best instruction we're capable of for this eventuality, insisting on full
rudder and aggressive use of controls in managing the aircraft. The other is to really stress what we
told our students back then when we were using B-25s in the USAF Basic Multi-Engine pilot training
program. "If an engine loss occurs after take-off and you don't have 145 MPH safe single engine
airspeed, pull back the power on the remaining engine and belly it in sort of straight ahead, better to
land under controlled flight than to try to fly and ultimately roll the aircraft and yourself into a ball".

Now then, on to something we can do something about, the approach phase. And remember, in this
paragraph we're talking about a normal two-engine approach. We don't need to fly a stabilized,
constant speed, high drag approach as we do in a jet because we have a piston engine capable of
furnishing instant power when needed. We are free to select a safer way of doing things, i.e., remain
at or above the safe single engine airspeed for a good part of the approach, gradually dissipating this
speed along the final approach. Figuring a Vso of 83 MPH in the B-25, 1.3 Vso would be 108 MPH. If
we flew it as we do a jet it would mean we'd slow to this speed several miles out. If 145 MPH is Vsse
airspeed we'd be operating more than 35 MPH below a safe single engine speed for this entire
distance. Nothing would be gained since we have instant power available from the engines but a lot
would be lost considering the time exposure at less than a safe speed. The way we want it is to
maintain above 145 MPH until on final. Lowering full flaps now will allow us to gradually taper off the
speed on a properly flown approach with only a small power reduction being required. We need to
cross the threshold around 105-110 MPH. Make no mistake about this however; the approach is still a
precision thing. It's just that the precision is applied to arriving at the threshold at a precise speed with
some power on, closing the throttles, then flaring and landing. The approach minimizes as much as
possible the time spent below Vsse but still puts you at the required speed and point to permit a
touchdown at the exact aiming point along the runway.

One final argument we should touch on is advanced by pilots whose sole experience lies in light
civilian airplanes with a published "blue line" airspeed. In these airplanes you maintain blue line
throughout the final approach until committing to land. Their blue line speeds are usually around 105-
110 MPH or very close to their 1.3 Vso where their normal approach speed would be anyway. We
don't have a published "blue line" speed for the B-25 but Vsse would be the closest thing to it. If we
were to maintain 145 MPH to the threshold we'd never stop on the 4000' runways that a lot of us call
home base.
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#03 RECIPROCATING LOAD (MP VS RPM)

This is intended to answer a question a friend of mine recently asked. It first was asked of me about
30 years ago during an airline annual recurrent training class of DC-3 and Convair 440 pilots. My
friend's question was phrased something like "seems to me a pilot can't go very far wrong by following
the military manual for the aircraft he's flying, so why don't we just advance the props to climb RPM on
downwind and not worry about using less than 1" of manifold pressure (MP) for every 100 RPM for a
couple of minutes during the rest of the pattern". Well, | guess that sounds reasonable, doesn't it?
Looking at my "good stuff" (old USAF dash ones) | see what we already know, we did it on T-6s, B-
25s, C-47s/C-54s/C-97s and everything the military owned. He continued "and another thing, | just
don't get that stuff about the prop driving the engine". | replied that | would try and explain it in writing
although it's a lot easier to show someone with a simple training aid or two. | will add the disclaimer
that | am not the maintenance expert, what follows is my experience from a cockpit perspective and
an attempt to relate what many of the real experts told me as | tried to put this into printed form. Oh, as
an aside. If after reading this you think you may have noticed a plug or two for the oft-maligned Wright
engine, well, so be it! At least for the garden variety ones, when you get into the later higher
horsepower 1820s and 3350s that may get to be somewhat of another story.

The first operator | encountered who didn't do it was when | was just out of the USAF and a newly
hired DC-3 co-pilot at North Central back in 1960. Those were Wright R-1820s, | can still recall my first
experience with them. Back then | pretty much had the idea that Pratt & Whitney was all it, most of my
recent experience had been with 1830s, 2000s, and 4360s. | guess | conveniently managed to forget
the dependable old Wright 2600 Twin Cyclone which had gotten me through over twenty-five hundred
hours instructing in B-25s with only two failures! So much for gratitude and yes, it does say something
about taking things for granted, doesn't it? Compared to the characteristically smooth P&W double row
of either fourteen or eighteen cylinders, the Cyclone's single row of nine jugs seemed shaky and,
undeniably, oilier.

Well, so be it This was the airline that hired me and, with 35 Wright powered DC-3s; they must not be
all that unreliable. Besides, the newly acquired Convairs with 2800s were far beyond my seniority.
With only two weeks on the pilot's list all | really cared about was not getting furloughed or fired. Both
loomed as very distinct possibilities throughout the probationary first year. The first captain | flew with
had flown Thunderbolts and Mustangs in WW |l and after. He hired on in 1953 and he made things
look very easy. During that trip | asked what he thought of 1820s and his reply was about as easy as
his technique. "Well, I've never had one get carb ice or fail". That succinct comment pretty much
describes the feelings | encountered those early months when | might still have been caught casting a
nervous glance or two at the slightly shaky cowlings and oil spots on the ramp.

Our company procedure was to leave the props at the standard 1900 RPM cruise setting throughout
the pattern and then, when closing the throttles during the flare, move the prop levers all the way
ahead. Of course, done this way, there was no RPM surge since the blades were already resting
against the mechanical stops and nothing changed. Quieter approach, too! It was a pretty effortless
operation but | hadn't yet acquired the knowledge to really understand the benefits. All this time I'd
been instructing on the C-97 Stratocruiser for the Air Guard and there, across the field, we operated
military style with 2350 RPM on downwind and all.

Time passes and after returning from the Berlin crisis recall to active duty with (then) MATS (later)
MAC or (whatzit now, ALC?) | was taken into the Flight Training Department to instruct on DC-3s.
(and, best of all, | couldn't get furloughed). There is where | started to get an education on a lot of
things including airline economics, reliability, maintenance and many other things. Earl Jackson, our
power plant engineer, really believed in working with the flight operations people. | was lucky enough
to spend a lot of time during those years with him in our hangars and our engine overhauler's shops.
Earl was responsible for over two hundred round engines and he could usually tell by looking at
something why it had failed. He kept various samples of engine abuse or neglect in his office. One |
remember was a piston that showed distinct evidence of ring land problems. One day he brought a
bearing and assembly over from his bailiwick to show me what master rod distress and failure looked
like.
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I'd compare it to a piece of steel that had been held to a grinding wheel until it turned varying shades
of orange and blue from overheat. He wanted to make sure that the people training the pilots knew,
and could pass along, those things that would prevent an engine from achieving the expected TBO or
cause a failure. In Earl's world reciprocating load was a maijor villain.

There are several names for this villain - "reciprocating load" / "anti-thrust side bearing loading" /
"negative thrust" / "underboost" / "detuning" but only one word clearly and unequivocally describes the
results, "B - A - A - D"! Looking back, "getting the word" on this must have been very slow for those of
us involved. We routinely pulled a throttle off on students in B-25s during the middle fifties, and then
left the prop synchronized with the good one for many minutes on end while completing the simulated
failed engine problem. We'd never heard of reciprocating load and that faithful old 2600 put up with the
abuse day after day and year after year. And that's exactly what it was, abuse. I'd like to be able to
know what | know now and go back in time to Reese AFB to look at what the records concerning
engine shutdown rates were. Also to be present at Aerodex or the Mobile and San Antonio AMA
overhaul shops when they tore the failed engines down to see what the removed parts looked like. |
imagine that possibly one hand didn't know what the other was doing or maybe it was a form of job
insurance for the overhauler not to say anything to the operator. At any rate, nothing was ever
mentioned about it to us that | know of.

After | had finished (I thought) this article | received an excellent, highly detailed report on this exact
subject written some time ago by Herb Steward. After reading it | went back and rewrote several
paragraphs to include the understanding gained as a result of the research described in his article.
One of the things he mentioned was that both Wright and P&W spent much engineering time and
money during the big radial's heyday trying to eliminate these faults. But economics intervened and by
the mid-fifties their best talent was already preoccupied with turbines. By the early sixties serious
research and development on the radial had all but ceased.

During the process of writing this | had a discussion with Al Morphew, one of our long time captains, to
whom | gave a B-25 type rating last fall and who now flies it regularly. Al is one of the many retired
captains here who never had to shut down an 1820 in anger, only in training (the 2800 was another
story). Al mentioned the experiences of his dad, Herb Morphew, who came from Douglas as a tech
rep right after the big war to work with Northwest setting up their procedures for the (then) new DC-4.
One of the first things Herb found was while adapting the military C-54 manual for use in airline
operation. The military called for 2300 RPM to be set on the downwind leg (as a side note | just
checked my USAF -1 for the C-54, dated 31 Mar 59, which was along about the last time | ever flew
one and it still called for 2300 RPM). Herb remembers saying to himself "well, that's something that'll
need changing, it's hard on engines".

In defense of the military we should remember that they were dealing with large numbers of three or
four or five hundred hour pilots when these high RPM on downwind leg procedures were first
promulgated. Given this level of experience they probably placed a higher priority on being ready for a
missed approach. Also, and probably more importantly, the military didn't exactly overly concern
themselves with cost or how many mechanics something took.

Another source | talked to is JRS Engines. They said that they can tell almost immediately upon
engine teardown the habits of the pilot. This is revealed by the condition of the piston ring lands and
by the backside of the master rod journal. Let's consider some of the thoughts they expressed.

First of all, what can you tell by studying the condition of the ring lands? When subject to a boosted
compression pressure the ring is designed to form an efficient seal between the cylinder wall and
bottom of the ring land. Most of the supercharged round engines have keystone (wedge) type
compression rings. With this design the boosted pressure forces the ring to stay in contact with the
ring land. With low MP the ring is relatively free to flutter in the groove. If sustained, this results in (best
case) damaged ring lands all the way up to (worst case) broken ring lands and rings. The higher the
RPM, the greater the damage potential in the above scenario.
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Now, on to the master rod problems. This failure is indicated to the pilot by rising oil temperature and
falling oil pressure. When you see it, it's already happened and nothing you can do will undo it. It's
bad enough that the engine has reduced itself to hash and a BIG buck overhaul. But, the oil cooler is
junk until its cut completely apart and cleaned. No amount of flushing is going to fix it. The same is
true of the oil tank. Unless it is of the very simplest design where every bit of the interior is visible, it
needs to be cut apart for cleaning before reuse. The whole system needs to be really cleaned of all
the associated metal contamination.

There are several common causes of master rod failure. I'll mention the more common, however since
all but one fall outside the scope of this letter I'll save an extended discussion for the future.

One is metal contamination, usually from some other failure such as a burned piston, broken valve
springs, etc.

Another would be improper or complete failure to pre-oil the engine after a period of inactivity or after
an overhaul. This is a long subject by itself, suffice it to say a strongly recommended procedure after
you have pre-oiled is to remove the front plugs, and then rotate it with the starter until oil pressure is
noted on the cockpit gage! Related to this is the case of an air lock in the oil pump after starting,
admittedly rare, but a real reason to check the oil pressure faithfully at startup.

For those operators who shutdown their engines with the prop in high pitch in order to prevent rust,
remember to get a really good oil pressure indication after start before selecting low pitch. This is an
excellent opportunity to oil starve the bearing, especially with cold oil.

A common one would be a rapid RPM acceleration with cold oil after starting. Here is one area where
my friend is absolutely right about not going far wrong using the military manual! They made sure they
had adequate oil temperatures before advancing RPM for run-up (as long as you don't get into that
stuff about oil dilution and scramble take-offs).

Now, the cause which we want to discuss in this bulletin. This happens when the pilot pulls the throttle
back to a very low MP. I'm trying to think of a good way to describe the damage that can occur.
Remember that on a four-cycle engine you'll have an intake stroke, a compression stroke, a power
stroke and finally an exhaust stroke. Under normal conditions the master rod thrust bearing is loaded
against the crankshaft from a multiplicity of directions as all the pistons progress through their
assigned firing order. Remember that all the other connecting rods are linked to this one master rod
and the pressures on this master rod journal are the constantly changing resultant of all the pressures
exerted by these pistons. The crankshaft is drilled on the thrust side allowing oil access to this area
when under power. The heat is carried away with the oil flow. No oil hole is drilled on the anti-thrust
side, it's not considered necessary since the hole on the thrust side provides constant lubrication from
pressurized oil flowing around the bearing. If this series of alternating forces is severely disturbed by a
large reduction in MP then the propeller in effect is turning the engine. It might be helpful here to
visualize the unloaded pistons trying to throw themselves out the top of the cylinders. In this case the
load is continuously applied to this one (anti-thrust side) area of the master rod journal where no oil
hole is located. In short order this "squeeze play" situation causes oil (lubrication and cooling)
starvation resulting in failure to dissipate the frictional heat. This rapidly progresses from overheating
to self destruction. In some cases during teardown the bleed holes have been found wiped full of silver
metal from the multi-layered plating of the master rod bearing.

They also say that, while it's bad for either, the Wright probably has a little better ability to withstand
this than the Pratt. This is due to the fact that the Wrights (comparing approximately equal
displacements) have more master rod bearing area than the Pratts. As an example, the journal
diameter of the 1820 is approximately 34" while that of the 1830 is only 23". The 2800 design was
improved in this area over earlier Pratts but it is still substantially less than a Wright of comparable
Slize.
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Before closing we need to consider another thing my friend mentioned. He said "and besides, it's only
for a couple of minutes maximum". Well, let's analyze that for a moment. At a nominal climb RPM the
engine would complete something in the order of 9200 to 9600 cycles during this period. Keep these
numbers in mind when you read the very last sentence of the last paragraph of this bulletin. Obviously
there are times when we simply cannot avoid operating at less than 1" of MP for every 100 RPM. One
of these would be on final approach even if we do leave the props at cruise RPM. But why not avoid it
whenever we possibly can? It looks to me that here is one opportunity we can easily take advantage
of when it's free (and quieter too). Actually, | think the last bit about quiet should probably be one of
the first things on everyone's mind these days. In the old days the military pretty much did whatever
they wanted and that was that! Nowadays, we are the minority, especially the warbirds. With
residential areas encroaching upon many of the airports we use everyone operating an aircraft that
might be considered out of the ordinary should constantly have this on his mind. I've spent time on the
telephone or ramp trying to explain a T-6 or B-25 to an irate airport neighbor and it ain't easy, friend!
So, staying at cruise RPM on downwind has a lot of advantages you might want to try.

| guess I'd be remiss in finishing this discussion if | didn't mention a situation that a very good friend
and highly respected aviator, Linc Dexter, has noted since this subject has begun to receive a
measure of attention. This has led him to believe sometimes the pendulum swings too far or fast in
pilots now attempting to avoid even a hint of underboost. While giving formation dual in T-28s he has
seen many times where the pilots have advanced the throttle without regard for the overboost
limitations of the engine. He states that if he hadn't been there to grab the throttle to limit MP the
limitations would have been exceeded to the point where an engine change would have been required
according to USN policy. | really have to strongly reiterate that, if you need the RPM, then get it
increased before you shove the throttle up. None of these pages is meant to condone or excuse
overboosting; the results of this could be rather instantaneous while the results of underboost is more
likely to be a longer term thing. Everyone has to learn and that was the reason for the initial WW I
policy of high RPM on downwind, they were playing the percentages considering their high
percentage of low time pilots. These pages are written so we can play the percentages also rather
than to blindly conform to some fifty year old manual but use your head!

Obviously the 1" of MP for every 100 RPM is only a rule of thumb since those are the only instruments
most airplanes have. If you've got a torquemeter or BMEP (Brake Mean Effective Pressure) gauge,
then you can really see what you're doing. But the 1" rule has served well over the years and enjoys
wide acceptance.

So, it's your engine and your pocketbook! A little planning should go a long way in avoiding the need
to pull the throttle off and point it at the ground. You've also got the gear and flaps and sometimes
another 360° turn doesn't hurt either. Another thing, if you really need less MP you can also pull the
RPM back to maintain the loaded balance. This is the same thing we do when simulating a feathered
prop, using 15" and 1500 RPM. Formation leaders, keep in mind what your throttle movements do to
your last wingman! Finally, in those rare circumstances where you simply can't avoid it, one of our
most experienced engine mechanics, Don "Jingles" Dufresne, has a thought you might want to
remember. He says every time you pull the throttle off you'd better remember the punch line to the old
joke where the engine says, "that's one".
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#04

MIXTURE MISCUES & MIX-UPS

This concerns the very prevalent habit, origin unknown, of placing the mixture(s) in AUTO LEAN while
taxiing (one more form of mental masturbation) to "keep it from loading up". I've seen this habit (I
really don't know what else to call it) in pilots with every possible level of experience and type of
background. Manuals published by the manufacturers, military services and the airlines (and I've
looked way back to just before WW Il) make no mention of this procedure. Every manual that | can
find — without exception — simply calls for RICH after start, then recheck it prior to the take-off. You'll
notice that I've used the word “manual” here, in some cases checklists may be a completely different
story! Everyone and his brother seem to have gotten into this act. Contrary to popular belief, a general
aviation checklist isn’t really examined or looked at for its accuracy by any responsible authority prior
to being placed in use. It very easily may be just a list of items by anyone, easily containing one — or
more — “old wives’ tales”. Such is the case of a number of “checklists” I've looked at on some vintage
airplanes; this article addresses just one of the more glaring mistakes seen in them. If my aversion to
old wives' tales were the only important thing, then | probably couldn't care less. However, this really
needs to be addressed as the FLIGHT SAFETY problem that it really is. Sometimes people forget
them for run-up but the following is the real problem! | can distinctly remember three times watching
pilots get busy, skip them somehow on the before take-off checklist and then start a take-off in AUTO
LEAN, causing them some amount of embarrassment when | mentioned it as they were advancing the
throttles.

| recently acquired an USAF Manual 52-12 (Powerplant Maintenance for Reciprocating Engines)
published in 1953 (it's surprising what you sometimes find at estate sales). In looking through it for a
description of how to accomplish an idle mixture check | found something that directly applies to the
subject | mentioned in the first paragraph. Quoting from page 182: "NOTE - On all carburetors, except
the Holley Pressure-Type carburetor, effective leaning of the idle mixture will not occur until the
mixture control approaches the IDLE CUT-OFF position. On Holley Pressure-Type carburetors,
effective leaning of the idle mixture is accomplished between the RICH and LEAN positions as well as
between the CRUISING LEAN position and the CUT OFF position". Everything that I've flown for
many, many years has had Bendix-Strombergs. The only Holley around that I'm aware of at this time
is the EAA's B-25, although a few others may become known as a result of this article. It would appear
that the only person who might offer some sort of an excuse for this might be an old time B-25 pilot
from back in the days when (mid-fifties) we had "J" models with Holley carburetors in the USAF. And
even then, only if he had a mis-adjusted carburetor. | don't, however, remember ever seeing anyone
do it back then when we still had a lot of those WW I pilots around.

A Bendix pressure carburetor functions like this. During the first 10° of throttle travel the mixture
control plates aren't really in the picture since the airflow at this low power is not enough to provide a
stable idling speed. Instead, back in this idling range, the idle spring contacts the diaphragm poppet
valve and holds it partly open, providing a fuel supply deliberately in excess of that required for idle
power. This rich flow is then reduced by the idle mixture control valve (manually adjusted with the idle
mixture setting screw, more on this later) and enters the engine's induction system. Properly adjusted,
this flow will provide a stable idle at a proper fuel / air ratio designed to avoid "loading up". So you can
move the mixture control back and forth between RICH and LEAN until the cows come home and
absolutely nothing happens. | agonized over how to paint a verbal picture of this operation and finally
tried to draw a couple of diagrams figuring a picture is worth a thousand words. Bill Harrison thought
about this for awhile and reduced it to a simple analogy. If you've got a river bed (flow of fuel) it doesn't
make any difference how many dams (mixture plates and jets) you place downstream if everything
has to first pass through a little culvert (idle mixture control valve).

While writing this a friend asked, "why don't you say exactly how you'd perform this idle mixture
check"? | think I'd be more comfortable telling how most mechanics I've known and talked to over the
years seem to want it done since they're the ones who'll have to adjust the idle screw based on the
information you provide them from this check.
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First, don't just read this and decide to go out and do a check after pulling the airplane out of the
hangar and running it for a few minutes. The engine and carburetor need to be at operating
temperature, cleared out and stabilized decently. So, do it after flying it if possible. Find an area on the
ramp where you won't have to look outside for a couple of minutes. Run the RPM up to around 1500
for thirty seconds or so to clear it out and then gently close the throttle (remember it's an idle mixture
check). During the next step you can save yourself a little time by placing the mixture maybe half way
between AUTO LEAN and IDLE CUT OFF (you could start way up in RICH but it wouldn't accomplish
anything, the rise in RPM is going to occur when you get the mixture to a position very near IDLE CUT
OFF). Note the idling RPM. If the tachometer needle jiggles a little bit "average" it in your mind to a
specific RPM. Then, slowly start moving the mixture towards IDLE CUT OFF and keep watching the
idling RPM. This is kind of like s-g-e-e-z-i-n-g a trigger during target shooting; it should surprise you
when something happens. | should mention here that in talking to Steve Hinton he's had good luck
with moving the control pretty normally but most manuals describe the slower method. All of a sudden,
the RPM will start a "perceptible" rise to reach a peak (best power) and then start dropping towards
zero. In the rare event that the RPM doesn't rise at all, you're idling at best power and the idle mixture
needs to be enriched slightly. Another thing that | definitely want to include here is an indication
favored by many professional mechanics I've talked to. They keep a close eye on the manifold
pressure, you should see a drop of about ¥4" while the RPM rises, and any more is too rich. At this
point you'll probably want to place the mixture back to a running position and catch the engine to
repeat the check; most people need to do so in order to really get a valid or good RPM reading. Or,
you can just let it quit if you've seen what you need and are finished.

Let's discuss "perceptible" for just a moment. To me this means that it is a very small amount, but you
are able to perceive it. The maintenance manual on your specific engine should tell you how much is
allowed. For instance, reading the USAF B-25 -2 for the R-2600 says a 10 RPM rise is allowable. I've
always thought that in general if you see anything beyond a 25 rise it's excessively rich and needs to
be adjusted. Before starting to write this | don't remember ever seeing one that would rise much more
than 50-75 or so but recently | experienced something that gave me a case of the round eyes. | knew
it was excessively rich since it was torching at idle, big time! | casually mentioned that we'd do an idle
mixture check before shutdown and we might see something like a 100 rise. In the last little bit (34" at
the most) of mixture travel towards IDLE CUT OFF | was astounded to see a rise of 250 RPM or
more. Absolutely nothing was happening — until that last little bit of travel.

Now, for those of you that've stuck with me this far, let's go back to the first paragraph. I've debated
whether to mention this or not. I think I'll have to briefly touch on this since some of the people reading
this possess a level of knowledge acquired from working on these carburetors or otherwise being an
long time observer of aeronautical trivia and will have caught it. Maybe I'll expand on it in some future
Warbird Note when there's more space. Whatever, I'm sure that someone will observe the last
sentence of the first paragraph and say "even if you did forget and leave the mixtures in AUTO LEAN
before take-off the fuel flow would be enriched by the power enrichment valve and the fuel flow would
be the essentially the same as if the mixtures were in AUTO RICH". This is true, the charts show at
high power the flows are the same regardless of whether the mixture control is in AUTO LEAN or
AUTO RICH. But, and this is a really big but, you're relying on a fifty year old mechanical device within
the carburetor to perform this function. I'm reminded of the pungent observation of a highly
experienced old naval aviator whose friendship "Connie" Edwards and I've enjoyed for many years.
Art Ward sez, "well, I'm old and sometimes | forget!" Maybe some parts of your carburetor might also
forget, | sure wouldn't want to rely on them in this case. Furthermore, after take-off just as soon as you
retard the throttles to a point where the power enrichment valve closes, you'll be in a detonation range.

| guess that's pretty much wraps up what | wanted to say about this habit. If something's wrong, then
fix it! But, if everything's working correctly, why wear out the mechanical components of the fuel
system for a paradigm that turned out to be untrue? It sort of makes me think of that old Johnny Cash
song, "bad news travels like wildfire, good news travels slow". I've discussed it with some really
experienced aviators and they also can't say where it really came from, it just started to happen
somehow over the years. Merrill Wien has a plethora of experiences to share, he agrees that we
never saw it in years past but somewhere along the line it started to creep into a lot of procedures. It's
amazing how many people cling, almost fanatically and with highly detailed justifications if asked, to
this perception in spite of manuals, illustrations and whatever. And this isn't just the inexperienced; it
includes people one would expect to know better.
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Might be enlightening the next time you see someone automatically moving it to AUTO LEAN after
start or landing to ask "would you mind sharing with me just exactly why you're doing that?" If the
answer is "to keep it from loading up", that'll tell you something about their level of understanding. If
this were true then you could see a noticeable difference in the idling RPM when the mixture control is
moved between AUTO RICH and AUTO LEAN. As a friend says, this habit has become pervasive and
people have honestly felt they were accomplishing something. But just like believing in ghosts and
goblins, it's an understanding thing.

PS — In the interests of trying to make this as technically accurate as possible | should probably add a
disclaimer to an earlier paragraph where | said | remember leaning only when | had an improperly
adjusted carburetor. When | was sent down to Lloyd Aereo Boliviano to give flight training in the mid-
sixties our flight engineers routinely had to manually lean while we taxied our DC-6Bs at La Paz. "El
Alto" airport was at 13,500' MSL, field barometric was about 17" of MP. The idle adjustment for
Buenos Aires or Lima at sea level obviously wouldn't work up there on the Bolivian altiplano. We had
to lean the mixtures to maybe %" or so short of the IDLE CUT OFF position to keep them running.
Putting them in AUTO LEAN accomplished absolutely nothing. At any rate, in this letter I've been
talking about airports at normal altitudes.
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#05 FEATHER BUTTONS & PROPELLERS

This subject keeps coming up when misconceptions are repeatedly encountered during discussions of
these systems on oral exams and/or flight checks. You probably aren't going to get much help from
looking at the pilot's manuals of that time period; these systems weren't explained in detail, either in
the "run-up" or the "emergency" sections. Probably because this was considered to be a basic part of
every aviator's experience or knowledge acquired in ground school. Maybe discussing what we're
looking for during the run-up of a piston engine airplane or dealing with while we’re attempting to cope
with an emergency would be of some benefit here.

| guess we could start with some of the things we should be looking for during a run-up of a typical
piston engine aircraft. Some flight manuals call for initially advancing the throttles to 1500 RPM; others
vary and may call for up to 1700 RPM for the propeller check. It seems to me that 1500 RPM should
be sufficient to provide an adequate governor function check and, at the same time, minimize any
engine heating. The important thing here is don't spend an excessive amount of time (the CHTs are
heating up all this time) getting precisely the right RPM’s, close is good enough for this check.

Once the RPM’s are set, pull the prop controls full back to decrease and let the RPM'’s decrease a few
hundred as engine oil is forced into the dome, thereby moving the blades towards a higher pitch. You
don't have to wait to reach the absolute lowest possible RPM'’s these first few times, just get a couple
of hundred drop and make sure the prop functions correctly as the oil is forced into the dome. Return
the prop controls to full increase and let the RPM’s recover as the blades again move towards low
pitch. Repeat this action as necessary to get a good prop response as progressively warmer oil from
the engine is introduced into the prop dome. Obviously with cold oil it'll take longer to achieve a rapid
and correct cycle but don't make a career out of exercising the props.

Then, during the last cycle you intend to perform (after you're satisfied with the response), leave the
prop controls in the full decrease RPM position and allow the prop governors to reach their full
minimum governing (high pitch) position. This RPM should be spelled out in your flight manual; usually
it's about 1100 - 1200. Checking this is important for the following reason. If you need to feather an
engine during flight you'll obviously need the feathering pump to do so. If the feather pump should fail,
which happens just often enough to make it more than a subject of idle conjecture, you'll have some
serious problems staying aloft. You'll have to establish a minimum drag configuration with the throttle
closed and the prop blades in the highest pitch you can obtain. If you've got a prop with a high RPM
on this check you're going to find the in-flight drag increased a bunch! Kind of like the old Bamboo
Bomber (UC-78) which didn't have feathering props. Following this check, return the prop controls to
full increase (as a side note, the low pitch blade internal mechanical stops are checked, in a round-a-
bout way, during the later engine field barometric power check).

Next, let's discuss the prop feathering check. After completing the previous check spin the red feather
button a few turns clockwise to make sure it's screwed tightly onto the feather button shaft. More than
one has come loose in the pilot's hand when pulled up to terminate the feather check (more on how to
deal with this later). Push the button down and note an increase in loading on the generators as the
electrical feathering pump starts to run. Depending on oil temperature and viscosity it may take a little
while for the feathering pump pressure to start driving the RPM downwards (during cold weather if this
indication doesn't occur within several seconds you would be wise to prevent possible feather pump
burn-out by discontinuing the check and re-exercising the props a few more times, introducing warmer
oil into the domes). It is only necessary to observe a small amount of drop (100-200 RPM) to confirm
the beginning of the feathering process; the holding coil should then be overridden by pulling the
feather button back up. At the same time remember to note a corresponding drop in electrical load as
the feathering pump is shut off. It's not unknown for the feather pump to keep running so look for this
to avoid big troubles. Now, what should you do if the button should pick this extremely inopportune
time to come off in your hand? First of all, don't try to screw it back on; you just aren't going to get it
done that quickly. Probably you'll find yourself temporarily stymied if it should happen to you but you
should keep your wits about you and remember that the holding solenoid is electrically actuated.
Immediately knock off all the batteries, then all the generators.
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That's all there is to it When you remove the electrical power from the holding coil (magnet) the button
shaft will pop up and voila’, the prop goes back to normal governing. Actually, there is one more
thought here. Even if you only turned the batteries off, if you then pulled the throttles back on the other
engine(s) to below generator cut-out speed the generator on the feathering engine would cut-out when
the RPM fell below that speed. The holding coil would then release. I'd strongly recommend that you
dry run this procedure for practice every so often, touching each switch so that it would be a matter of
second nature without any fumbling around - should you ever have to do it for real.

After you finish the feather check I'd advocate that you do one more check. We didn't do this in the
military but learned it on the airline. This check ensures that RPM control has been reacquired by the
prop governor from the transfer valve. This valve shuts off governor oil pressure during feathering
(discussion later) and, if it hangs up, prevents normal governing. Pull the prop controls back and note
an associated drop in RPM, telling you that the prop levers are controlling the prop. You'll only need to
see a slight RPM drop to confirm this.

Now let's get to the in-flight stuff. We can pretty much divide into three scenarios what might happen
in-flight when you push the feather button, one good and two bad! The good thing would be for the
prop to feather and rotation to stop normally. The bad things would be; (a) the prop starts to feather
but then doesn't finish or (b) it feathers but then comes back out and starts to rotate again. Almost all
the time the good scenario happens and everyone's happy. But, just often enough to make things
interesting one of the bad things happen and that's mostly the reason for writing this.

First, let's talk about the things that happen normally when you push the feathering button to feather a
prop. The magnetic holding coil is energized by an electrical switch and the button stays down by
itself. The feathering pump starts to run and its output pressure of approximately 1000 psi is directed
through a transfer valve within the prop governor to the rear side of a piston within the prop dome.
This pressure forces the piston (which is mechanically geared to the prop blades) towards the high
pitch position and then, going further, over a cam into the feathered position. As the blades reach the
fully feathered position the pressure (if you could measure it) would probably be a little less than 300
psi. The pump continues to run, building up more pressure. As it reaches about 400 psi this pressure
deactivates the switch which releases the electrical circuit to the holding coil. When this coil releases,
the button will "pop" up to its normal position. The prop blades will be nicely feathered, rotation stops
and everything's great. Well, at least as great as it gets with a loss of an engine! What I've just
described was the normal scenario.

Now let's discuss the second half of the good scenario, unfeathering. Push down on the feather button
and the first thing you'll notice is that you must hold it down. Why? Well, remember that the piston
inside the dome was shoved all the way over the cam in order to feather the blades and it took
somewhere around 300 psi to do that. As you push down on the button the feathering pump starts
running and immediately builds up to 400 psi, releasing the electrical circuit to the holding coil as
described in the preceding paragraph. As you hold the button down the pump continues to build up
pressure towards 600 psi (passing the nominal 300-400 psi it required to feather). That amount of
pressure then unseats the distribution valve (within the prop dome) and repositions it, redirecting this
pressure to the forward side of the piston within the prop dome. This pressure begins to move the
blades in the opposite direction (out of the feather position) and the prop starts to rotate. Pressure
from the feathering pump continues to drive (assisted by centrifugal twisting moment) the blades back
into the normal range and you'll need to release the button at 800 RPM. Next, ascertain that the RPM
stabilizes at the same RPM as you found on your run up check of the minimum governing speed. After
you see this indication of governing (because you don't want to start a potential runaway), move the
mixture to the AUTO-RICH position and finish your restart checklist.

0O.K., the above stuff was the normal way we'd like to see it everyday. But (as Art Ward says), these
machines are old and sometimes they forget. They pick inopportune times to become recalcitrant,
valves stick or other things happen to confound us with glitches not mentioned in the manuals. You
have to possess the mechanical knowledge that will allow you to intercede in the operation and obtain
the results that will keep you in the air (at least while you want to be there). Let's cover a few more of
those in the last few paragraphs.




©R. L. Sohn WARBIRD NOTES

Page 20

(17) 31 Oct 94

Let's say you push down on the feather button and the prop starts to feather. You didn't keep your
finger on the button and it pops up before the prop is completely feathered. Unless it's very nearly
completely feathered, the RPM (assisted by centrifugal twisting moment) will start to increase and go
right back to wherever you have the prop control lever set. This situation has occurred and has
caused accidents when the solution is so simple! What happened? Remember that the pressure
required to feather a prop is about 300 psi after which the pressure continues building up to about 400
psi, releasing the coil. If the coil switch is weak and releases prematurely the button will pop up before
the feathered position is reached. Solution? Just push the button down again and this time hold it
down until you see the prop stop rotating. The instant that occurs, release the button and everything's
fine!

Another bad thing might happen. If you pushed the button down and the prop feathered and stopped
normally but then, to your amazement, immediately started to rotate again and came out of feather,
what would you do? What happened now? Well, again, it took 300 psi to feather, the pressure then
built up to 400 psi and then the holding coil should have released, right? In this case the pressure
switch failed to cut the electrical circuit to the holding coil (or the shaft stuck), the button remained
down, and the circuit acted just as it would if you were holding the button down to unfeather. If you see
this situation developing, immediately pull the button up to terminate the operation and dump the
pressure. Then, push the button down again to begin the operation all over. This time, keep your
fingers on the button and, at the exact instant the prop stops rotation, pull the button up. Again, you've
interceded, overridden or whatever and everything's cool!

At least one other possibility exists here! If, in the above paragraph, you pull the feather button out but
it fails to have an effect, you have big trouble! Another way of determining this is if the electrical
loadmeter indicates that the feathering pump motor failed to stop when the feather button was pulled.
Most likely the contacts are welded by the electrical current or some other problem is causing the
feathering pump to continue running. You must act immediately and quickly turn off all the batteries
and generators in order to remove the electrical power to this feathering pump. This will have the
same effect as pulling the button out and will allow the feathering pressure to immediately fall to zero.
THEN, turn on a single battery or generator and allow that electrical power to again feather the
propeller. As soon as the prop stops turning, turn off the electrical switch. You must NOT
subsequently restore any source of electrical power since this would again power the feathering pump
motor and unfeather the propeller! I've always said that, to the best of my knowledge, no feathering
motor circuit protection is located within the cockpit and thereby being available to the pilot. I've just
found out that on a few early Beech 18'’s there were large circuit breakers protecting this circuit on the
forward glareshield beneath the windshield. It wouldn’t hurt to check YOUR airplane; this information
could save you or your airplane!

Now, one final thing. All the above applies to the basic 23E50 constant speed feathering propellers
used on B-25’s, DC-3’s, A-26’s, B-17’s, DC-4’s, etc. It involves a two position feather button that you
only push. When you get into the later props with reversing capabilities used on the Convairs, DC-
6/7’s, etc. the button is a three position push and pull unit. If we want to get into that we'll have to wait
until a later (probably much later, these bulletins take forever to write) bulletin, it's far too complicated
to include here.
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#06 GAUGE INDICATIONS ON A FAILED ENGINE

In many years of instructing in various piston engined airplanes I've found a misconception that, when
described, will leave most of you saying "l knew that", others may have to stop and think about it a
little bit, and then, the few individuals one really wishes would stop and analyze this situation. Whether
it's the pure turbine background or what, | don't know, but they somehow subscribe to a dangerous
fallacy, albeit a widespread one. This concerns a discussion of what happens to the indications on a
piston engine's gauges when the mixture is moved to IDLE CUT OFF or the fuel supply shut off for
training. And, obviously, this also applies to the indications on an engine that has actually failed.
Carried to the extreme, this has resulted in feathering the wrong engine and other equally bad
scenarios.

Back in the mid-fifties was the first time | remember hearing this question asked during a check ride
periodically given to all of us USAF B-25 instructors. | wasn't the recipient of the question but, sitting
on the jump seat | did hear it, along with the wrong answer. | remember picturing in my mind the fuel
pressure gauge dropping and, in all honestly, | know | would have also given the wrong answer if I'd
been the one asked. After thinking about the system for a few minutes | realized that the check pilot
was right but it really taught me a lesson larger than this small bit of aeronautica. At the time we
probably had less than a thousand total flying hours, most of it in B-25s and could probably fly that
aircraft better than nearly anyone with far more experience. But, we had very little practical experience
with really knowing the systems and the basic knowledge one gets while acquiring "some salt" in USN
parlance. In addition, once we've adopted a preconceived idea, it's sometimes very hard to let go of
that idea if we think we'll lose face. | don't know anyone of us in this business who was born "knowing
it all". Most of this stuff is acquired over the years the hard way, listening and observing, with varying
degrees of pain and sometimes with damage to the equipment. The preceding sentence is the reason
for writing these bulletins; if something is passed on here it sure beats trashing some very expensive
machinery!

Let's analyze the engine panel instruments one by one and look at just what they indicate and tell us.
For all of this, we'll assume we are in cruise flight at cruise power at cruise speed.

Since the fuel pressure was mentioned above, let's look at it first. Think about the system for a minute
and you'll remember that the gauge receives its pressure from a location in the fuel line after the boost
and engine pumps but before it enters the carburetor. So, if you turned off the fuel tank selector the
flow would be cut off and pressure would drop to zero on the gauge. Some instructors have been in
the habit of giving "engine failures" to a student by doing this. I've done it sometimes (at altitude) when
trying to make a point about the subject we're discussing in this bulletin or so that the student couldn't
look at the mixture to determine which engine failed. It does demonstrate, obviously and without
question that fuel pressure falls when supply is lost. However, a couple of problems are lurking here.
First of all, if you're close to the ground when you do this you'll need a fair amount of time to regain
pressure if you need to abort the training process, in other words, this is not a simulated failure, it's
real. Secondly, you need to know your aircraft, not just a generic aircraft, but the one you are
instructing in. For example, on some B-25's the firewall shut-offs are fuel shut-offs only. On others
they are fuel, oil and hydraulic shut-offs, the fuel is mechanical and the others are electrical
(interesting how many pilots don't know the answer to this question on the B-25 they're flying). You
can tear up some pretty high buck equipment if you try the wrong thing on one of these. There is one
other thing you can teach here, if all fuel pressure is lost for real always try the boost pump during the
trouble shooting process prior to feathering an engine.

Now, let's say you pulled the mixture to IDLE CUT OFF to initiate this practice engine shutdown. In
this case the fuel pressure would not go to zero since it is all accomplished within the carburetor.
Again, this is a common misconception when the question is presented "out if the blue" and almost
forty years ago | sure bit on it.

Well, we started this with the easy one, the fuel pressure. Now let’s go on to something a little more
controversial like manifold pressure (MP). What's going to happen here when you cut either the
mixture or the fuel supply? Cut a mixture and just leave the throttle alone where it was set at cruise,
let’s say, for example in this case, 27". If you can visualize a big air pump, that is exactly what the
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engine is, with the throttle located at the intake. After seeing for yourself that the MP stays unmoving
at 27" move the throttle forward some. MP gauge goes right up normally, doesn't it? O.K., now pull it
back some. Gauge also follows this reduction normally. Now, equalize the two throttles side by side,
and then move them together forward and back. They act the same, don't they? Only when you move
the throttle to a setting asking for more than ambient pressure will the indication act differently. Still
believe you can just look at the MP gauge and tell your instructor which engine failed?

How about oil pressure and temperature? Cut the mixture, and then take a look. The engine keeps
turning and as long as it does the oil pump keeps pumping, right? So the oil pressure stays up and
doesn't give you a clue about which one failed. Over the short period we're discussing here the
temperature stays up too. However, if the engine actually failed because of an oil pressure or
temperature problem, that's a different story and outside the area of this discussion about training.

Now we'll have to get to the real bone of contention. I've listened to people describe some weird
indications they experienced when they tried this. I'm reminded of one of the first things Andy
Anderson, our instructor in test pilot school, tried to get across to us about filling out a flight test
evaluation report. "Write down the test results you see, not the ones you expected or hoped to see"!

If we cut the mixture what's going to happen to the RPM? | listened to someone describing a
sustained decrease in a B-25 of several hundred RPM after the mixture was cut. | was most anxious
to see this for myself so arranged to fly that particular B-25, as well as one of our local ones. When we
cut the mixture at cruise airspeed the RPM sagged about a hundred and then went right back to
where it had been. Let's analyze that for a minute. The engine is still turning so the oil pump is still
putting out normal pressure. Where does the prop governor get its supply? That's right, from engine oil
pressure. So it keeps doing its thing according to your request through the prop control. You had the
control set to cruise RPM so, after a second or two of decrease followed by an immediate increase as
the blades assume a new angle, that's what it delivers. It will as long as it has oil pressure and, with
this proviso, that the cruise speed stays high enough so that the blades don't reach the pitch stops
while trying to maintain the requested RPM. On the PBY, if you're cruising above 105 KTS, the prop
acts like we described above. Slower than that the RPM will fall somewhat while the MP stays
constant. Think of it this way — the oil pressure stays up because the engine's still turning at cruise
RPM and the RPM stays at cruise because the oil pressure's still being furnished to the governor.
Quid pro quo, right? Oh, and just for the record, | recently tried this while flying B-17’s and A-26’s,
same result.

After all of the above, can you look at the instrument panel and guarantee you can know which engine
failed? W - e - | - |, yes. That is, if you're willing to wait, and wait, and wait, and wait, you'd finally see
the reading on the CHT gauge slowly decrease. Other than that, pretty much nothing! Looks to me like
the old standby we taught forever, "dead foot — dead engine" is still the best game in town.

Another thing just for the record. No, | don't cut the mixture willy-nilly as the paragraphs above would
seem to indicate, that was just for illustration. Any good student should be able to see what we're
talking about after one or two actual shutdowns so we don't have to abuse some very expensive
machinery. Usually retarding the throttle and prop works just fine, whatever we can do to minimize the
reciprocating load.

You know, | keep thinking before concluding | should mention something else the aforementioned
Andy Anderson taught us. Something else that isn't at all germane to this subject but probably saved
my rear end more times than I'll ever know and just seems worth passing on for those of you who
didn't know him. "Don't ever let an airplane take you someplace where your brain hasn't arrived at
least a couple of minutes earlier!" | guess it could be paraphrased as "Give it a lot of thought before
you try and expand the envelope!"
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#07

PRE-IGNITION VS DETONATION

This subject comes up periodically, causing a lot of questions by pilots who have mostly a turbine
heredity or background. | guess what precipitates this letter is the sometimes expressed opinion that
pre-ignition and detonation are sort of one and the same. Tain't so! Really, not so! Pre-ignition is
exactly that, ignition previous to the desired moment while detonation is an explosion (same as when
you detonate dynamite, B-A-N-G!) of the fuel-air mixture charge instead of the normal smooth and
progressive (productive) burning. While it's certainly true that one condition can progress into the other
that's getting way ahead of the story. In trying to include all the research material and accumulated
bits of knowledge that go into something like this | ultimately had to go way back to the first days of
ground school when we were hired at the airline. Our class of neophytes was, I've figured out over the
years, lucky. We, (1) were the first class of copilots who came under the new F.A.R. training
requirements and (2) had C. G. "Gordy" Amundson to teach us the DC-3. Under the increased training
required by the FAA, we got two weeks of ground school and far more actual flight training then the
"three bounces and send them out on the line" as had been customary up until that point. In trying to
write something that gets as technical as this, and still keep it readable, I'm lucky again to have Gordy
as a resource (both mind and library) to help out when | just can't remember everything we've learned
and taught since those early days.
(Draft copy)

| recently read a question in the American Bonanza Society's magazine to the technical editor from a
reader who used the word "predetonation". Now, picture a puzzled look on my face because that's
exactly what | am left with. What does he mean to convey by this? Is it the meaning one would get
from the literal interpretation of the term, damage occurring previous to the detonation process?
Seems to me there wouldn't be any damage if detonation hadn't yet occurred. Or does he mean
detonation itself? Or possibly pre-ignition? From some further description of the damage in his letter
we can make assumptions. But we just don't really know; any attempted answer to his question is
always a little suspect without further questioning. | only include this to emphasize how important
correct terminology becomes; | hear so much of comparing apples and oranges. Thus this attempt at
explanation. | say attempt because | can find letters and articles in excruciating detail about this matter
in various publications dating back to well before WW II. Truthfully, it probably never will be finally laid
to a complete rest.

Before we get into the technical stuff, for the purposes of this writing we need to describe the type of
engine that we normally fly in one of our warbirds. That is, a carburetor with IDLE-CUT OFF,
CRUISING LEAN, AUTO-RICH and (maybe) EMERGENCY-RICH positions (by the way, if your
aircraft has this last mentioned position you can forget it, it really isn't there, these were deleted on all
civil carbs by the equivalent of an A.D. note after the war when troubles with the mechanism made it
more trouble than it was worth). No provision is made for BMEP gauges or torquemeters on our types
of aircraft so the procedure of manually leaning to less than best power by reference to these gauges
is not an option and we won't deal with it here.

First of all, we'll need to define normal combustion within the cylinder. The combustion process is
rapid but it's important to realize that it is not instantaneous. The fuel-air charge burns evenly and
smoothly, the flame front advancing at a measurable rate, about 35 feet per second as combustion
begins, increasing to roughly 150 f.p.s. and then slowing down as the combustion process nears
completion.

With that said let's begin with detonation. If sufficiently heated and compressed, any combustible
mixture of gasoline vapor and air will catch fire. Accordingly, if the temperature and pressure of the
unburned portion of the fuel-air charge reach a critical value, a spontaneous and_simultaneous
explosion of all the remaining unburned charge occurs. This violent process is called detonation. You
very likely have noticed it in an automobile, especially upon acceleration. It's audible and you've
probably referred to it as "pinging" or "knocking". If you could filter out the myriad of masking noises in
an aircraft the knocking would be audible if detonation was occurring. Make no mistake, just because
you can't hear it doesn't mean it isn't there! It's important to realize that this spontaneous combustion
occurs AFTER normal ignition and after some portion of the charge has burned. The engine is unable
to convert this explosive energy into useful work and power is lost. Supersonic pressure waves are set
in motion producing harmful effects on combustion chamber parts and cylinder hold down studs.
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Examples of damage would include dished piston tops, collapsed valve heads, broken rings and ring
lands or eroded portions of valve heads, pistons or cylinder heads. Since light detonation cannot
usually be detected from the cockpit through roughness / sound / loss of power, any effective
protection from its occurrence must be provided in other ways i.e., prevention. Lighter cases of
detonation may not result in as noticeable an increase of cylinder head temperature (CHT) but
anything in excess of this causes a rapid rise in CHT and aggravates the conditions which caused it. If
visible from the cockpit, irregular puffs of dense, black exhaust smoke will be a warning.

Detonation, remember, is caused by either excessive temperature or excessive pressure of the fuel-
air charge. Control of these two factors is what constitutes avoidance of detonation. This control
consists of two parts, (a) design of the engine, installation and proper servicing / maintenance and (b)
operational, that which you can control from the cockpit.
(Draft copy)

In the design of the engine and installation, cylinder head cooling, fuel grade, compression ratio,
ignition timing, induction charge temperature due to the supercharger, etc. are major factors affecting
detonation tendencies. They all influence the temperature and pressure of the fuel-air charge just prior
to combustion.

Cockpit operational control of detonation also is directed towards keeping the fuel-air charge
temperature within those limits established through exhaustive testing as safe and by avoiding
excessively lean mixtures at high power. Although proper fuel grade is normally considered a preflight
item | do know of several operations where main and reserve tanks contained different grades or
octanes of fuel, in other words some tanks were to be used for cruise power only. This takes me back
many years ago to South America; however I've also seen a good amount of it since the advent of the
auto-gas STC. Limits (both time and values) of manifold pressure, RPM, CHT, carburetor air temp
(CAT) and blower selection must all be observed and respected. Maybe not from fear of outright
immediate failure but certainly with the knowledge that exceeding the limits will cause damage(s)
resulting in failure in the future (time unknown) or extremely high and/or premature overhaul costs.

Next we'll need to define pre-ignition, after that's out of the way we can then discuss how all this is
related and how it applies to us. Pre-ignition is the uncontrolled ignition, by an object heated to
incandescence, within the combustion chamber of the fuel-air charge before the normal ignition spark.
This premature combustion results in excessive pressure being exerted on the piston during the final
portion of its upward travel on the compression stroke with attendant destructive tendencies. The
same excess heat/pressure conditions that result in detonation are present when pre-ignition is
encountered. Unlike most detonation, pre-ignition will usually be detected by roughness and
backfiring, you might possibly also detect a rapid increase in CHT. Any sustained operation, even for a
brief period, in this condition can result in burned pistons, broken cylinder heads, scuffed cylinder
walls and damage to the valves and sparkplugs.

Pre-ignition can be caused by several possibilities, localized hot spots, carbon deposits, machining
irregularities, sharp pieces of metal, glowing spark plug electrodes or possibly an accumulation of
deposits from leaded fuels. And, although it's unlikely you'll encounter it, you should be aware that in
the past, valves ground with too sharp an edge at overhaul were known to initiate this malfunction.
(Draft copy)

Since some discussion of prevention was inherent in describing these two malfunctions, probably only
a limited amount remains to be said about how all this applies to our operation. Some indulgence in a
little "hangar flying" here with experiences of a variety of aviators who have spent lifetimes dancing
around these continuing aviation nemeses might be the best way of illustrating a few points. All these
are "real life" incidents and the main actors could sure tell you about it, if that were to add anything.

One of the things that might have helped cause the perception of these two being one and the same is
the fact that detonation can progress into pre-ignition, and vice versa. Let's talk about how. If you let
detonation exist long enough to cause damage, this damaged area (in the form of broken parts or
anything that causes a sharp edge) can be heated to incandescence. This is much like a knife or
chisel edge held against a grinding wheel, pretty soon it glows. Same thing here, now you've got an
ignition device inside the cylinder(s) and the whole situation will get worse — rapidly.
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Conversely, once the pre-ignition process begins, the rapid rise in combustion chamber temperatures
can raise the fuel-air charge temperature to its critical value, thereby initiating the detonation process.
Remaining stuff yet to write:

e cool the cylinder rapid
e sparks at night
e don't test or use carb heat before take-off to clean out

| need to mention something here while on the subject. In the early sixties, we used to operate our
DC-3’s on the airline maintaining a constant carburetor air temp of about 15 degrees. Or, more
properly, | should say that we attempted to maintain a constant 15 degrees. This duty fell to both
pilots, but the myriad other duties sometimes intervened, with this all-important operation sometimes
suffering. The theory was that this temperature formed the best possibility of efficient combustion in
the Wright 1820's cylinders, thereby delivering the most miles per gallon of fuel expended while also
avoiding carburetor ice. Only problem was, if your attention was diverted, sometimes this temperature
rose into a range where detonation became a distinct possibility. It didn’t take long for it to happen,
and it must have. Sometime later, we were advised to cease this procedure and attempts to maintain
this CAT and just leave the carb air controls in full cold. Then, if we needed carburetor heat, we could
apply it and get rid of the ice. Our detonation problems largely subsided after that.

We had always taxied out with the carburetor heat applied, attempting to keep the CAT’s in the 15
degree range. Then, just prior to applying take-off power, we’'d place the carb air controls in the full
cold position for the take-off. Lo and behold, we found we were asking the impossible of our
carburetor Automatic Mixture Controls (AMC’s), they simply could not contend with that rapid
temperature change and therefore we were risking detonation on our take-offs in cold weather, since
we had fooled the aneroids into thinking it was a warm day outside!

o the most immediate and sure counteraction for detonation is a prompt power reduction.

o remember that what combination of rpm/mp that will cause detonation at 91/96 would not at
100/130.

e it is possible that if preignition occurs at high power settings that a rapid power reduction may
cause glowing particles of lead or carbon to be chipped off due to the rapid cooling of the
cylinder.

¢ long reach could cause pre-ignition — Steve S.
e unapproved plugs- use chart, don't just remove/replace.
1630 degrees will cause pre-ignition.
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#08 FIELD BAROMETRIC POWER CHECK

The idea of discussing this subject has occurred to me from time to time. We routinely see some fairly
distorted ideas of just what we're attempting to determine by using this check. A search of the flight
manuals of the period seems to indicate that this check wasn't very well understood or used during
WW Il and for some time thereafter. That's probably been a major contributor to the confusion about it.

The basic intent here is to measure the power output of the engine against an established standard. A
normal aircraft engine is capable of delivering a given amount of horsepower at a given RPM and
manifold pressure (MP). This means that, with appropriate precautions, the MP can be used as a
measurement of power input and the RPM used as a measurement of power output. The propeller
blades must be against their low pitch stops, since this is the only blade position at which the blade
angle is a known and doesn't vary. In other words, at this point it's the same as a simple wood or
ground adjustable propeller. However, once the blades move off of their low pitch stops all bets are
off, the governor will take over and maintain a constant RPM regardless of power input or engine
condition.

At a standard air density this power can be measured pretty accurately, it will always require the same
RPM to absorb the same horsepower from the engine, day in and day out. If density changes, that's
okay, the prop will still require the same power to furnish the same RPM if the relationship between
power output and air density is kept constant. This constant relationship is maintained simply by
noting the reading on the MP gauge during the pre-starting checklist and then setting the throttle to
that reading when accomplishing the field barometric power check. After all this discussion some still
try to make this simple procedure a difficult thing, introducing complicated discussions of density and
other exotica. Just use what the MP gauge shows before start, period! Okay?

When you set this MP you should obtain a specified RPM on the tachometer. The later the date of
your pilot's manual the greater the chances that this specified RPM will be mentioned. Earlier ones
didn't seem to mention it; apparently the importance of it wasn't too well accepted back then. In fact, a
wide variety of methods seemed to be advocated. Whatever unit or group that wrote the manual or set
up the program seemed to do their own thing, along with a lot of the other procedures. Some
advocated what would be considered backhanded by the present method, but achieving the same
results, setting a certain RPM and then looking at the MP it required. Others just said to run the
throttle up and see if the engine seemed to respond well and felt like it was putting out good power. |
get the feeling that standardization didn't seem to occur until well past the post war period, probably in
the middle fifties.

Looking at the "J" model B-25 manual indicates this power check was included as a revision sometime
after the basic flight manual was published in 1949, probably in 1953. The required RPM was 2200
(£50). By the time we started operating the "L"s and "N"s it had been accepted as a standard
procedure and was included when that manual was written. By the time | came to North Central
Airlines in 1960 it had been pretty well accepted, 2125 (+50) was prescribed for the Wright R-1820-
G202As on those DC-3s. A headwind or tailwind will have an effect on this number i.e., any
appreciable headwind will have a tendency to increase your RPM due to the change in air load. If the
cylinder or carburetor air temperature is high because of factors other than atmospheric conditions,
this will tend to give a low RPM. Also, high viscosity caused by low oil temperature will cause a lower
RPM due to friction loss.

As an indication of what can be found with this check the following three items provide anecdotal
examples. After re-installing an overhauled R-1340 on a T-6 some problems were encountered in
getting it to run right and | was asked to take a look at it. After completing a run-up | offered a few
ideas and | then asked if the prop had also been worked on. | was told the engine was putting out
exceptionally good power, probably due to an excellent job of overhauling. As evidence, they offered
the fact that it was turning up about 2200 RPM at field barometric. My reply was, "Yes, and that's
exactly the reason | want to know about the prop, | suspect that the pitch stops are at something other
than normal for a T-6". That turned out to be the exact problem, the high RPM had nothing to do with
power output, a worn out engine would have done the same. Apparently the stops were indexed at a
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lower setting, more commonly used for a crop duster or a seaplane application in which some
operators consider an initially high RPM more desirable (albeit risking some initial overspeeding at first
throttle application). When subsequently re-indexed to the normal setting prescribed for a T-6 the
engine turned 2000 RPM and, incidentally, the engine has subsequently turned out to be a very good
one. But, the RPM was lying when the prop was first installed, it did not indicate a surplus of
horsepower.

The second case involved a PBY Catalina (R-1830) that turned about 2450 RPM when set to field
barometric. The manual for this particular aircraft doesn't prescribe a RPM, being from the "dark ages"
but I've used about 2300 (x50) as a benchmark. At any rate, suspects included short blades, improper
blade numbers or low pitch stops set for another application. Further research disclosed the blades
were indexed at about 16°, after re-indexing to 19° the field barometric check resulted in a more
normal RPM for that engine. This would probably be a good spot to digress slightly and discuss a
couple of flight characteristics exhibited by this particular aircraft. On take-off it required a rather slow
throttle application at first to avoid an initial RPM overspeed. Also, at a normal 80 knot final approach
speed this aircraft would become extremely nose heavy when the throttles were closed. | had to
advise my students on checkout in this particular Cat that they might find the use of two hands
necessary to raise the nose for landing; otherwise an inordinate amount of nose up trim on short final
might be necessary. This is not a normal characteristic of the other Cats I've flown. What's interesting
here is that, after re-indexing, the aircraft now flies completely normally, it's easily controllable with one
hand and doesn't want to overspeed on initial throttle application. All of which demonstrates what a
knowledgeable use of these checks can tell you. | would strongly suspect any aircraft with which I'm
unacquainted if | find a high RPM on the field baro check during initial run-up. It very likely will exhibit a
nose heavy tendency when the throttles are closed on short final due to a "disking" effect.

The third example involved a B-25 that had newly overhauled engines installed. The cores used for
overhaul were of indeterminate age and heredity. The supercharger controls were re-installed,
duplicating the installation exactly as removed from the old cores. Upon initial run-up the right engine
delivered less than 1900 RPM on the baro check. Although the complete story is too long to include
here, investigation revealed that the right supercharger control was reversed with the blower in HIGH
when LOW was selected. Loss due to the increased horsepower required to turn the HIGH blower
absorbed between 200-300 RPM worth of power.

One of the best "peace of mind" items derived from everyday use of this check is an awareness of
long term performance or "health" of the engine(s). Let's say you're operating a B-25 and every time
you've flown it both engines have given you a nice 2200 RPM on run-up. One day you're sick or busy
or out-of-town or something, whatever. A friend of yours is operating it and he sees that, while it's
running as smoothly as any B-25 could ever be accused of, one engine turns up only 2100 at field
barometric. If both of you are routinely using this check, the machine is trying to tell you something.
The mag check may be O.K. but 100 RPM has gone somewhere from the last time it was flown. It at
least provides a starting point, the base line leading up to that point has been constant and now
something's wrong. Without both of you using this check the second guy wouldn't really have a clue,
this is the only common point of reference between the two of you. Another situation would be if you're
the only one that flies this aircraft, in this case you'll be in the position of easily noticing that
something's gone wrong since the last time you flew it.
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#09 HYGRAULIC LOCK — REVISITED

In the year and some months since | first wrote about the recurring hydraulic lock problem with our
engines I've found out some things | wish I'd known back then. Other things have been questioned.
We should talk about those things and just kind of revisit this subject. It seems to me that enough time
has passed to permit anyone that wished to comment on a developing mini-controversy to have sent a
letter to the magazine editor. Unfortunately, every answer seems to have engendered two more
questions, so this may become as long as the original.
(Draft copy)

WARBIRD NOTES # 01 was written as a result of the first National Warbird Operator's Conference
(NWOC) at Galveston in 1993. | think these meetings have been even more valuable than Bill
Harrison envisioned when he almost single-handed put together that first one. However, we
encountered the natural reluctance of some to speak up from the floor, either to ask questions or to
tell about some experience that they'd had with this problem. That's too bad since almost all the
people who've spent any time in this business or who were interested enough to travel that distance
probably had something valid to share that would've added to our collective wisdom. Anyhow, that's
how these notes originally started. | mentioned in the original bulletin that | hoped others would share
their comments or questions, that's how we all can learn. In trying to chronicle the hard won
experiences of those (before they've all gone west) who had to deal with these problems I'd hoped to
encourage people to recount some experience or insight that might save us all some aeronautical
grief.

One fly in the ointment, however, might be that once we've adopted a preconceived idea it's
sometimes very hard to let go of that idea if we think we'll lose face. There must have been a lot of red
faces around when Columbus didn't sail off the edge of a flat earth. Another false maxim that comes to
mind is "never turn into a dead engine". This is one more old wives’ tale | observed still being taught in
all seriousness a few years ago at a flight instructor renewal course | attended. Another is "climb it a
litle above cruise altitude and get this thing on the step”, thoroughly discredited years ago but still
receiving affirmation today, even among those who should know better. A whole litany of items could
be cited here but, suffice it to say, the word “dogmatism” is probably apropos here. The danger in all
this is in the passing on, through a bombastic "I was there" attitude, of things once accepted as
certainties but unable to stand the scrutiny of knowledge acquired later on. To someone just getting
started it's very easy to listen to "a voice of experience", because many times they talk the loudest. |
can remember years ago when Jack Sandberg and | were visiting a now defunct operation in Chino
hearing an "old head" expounding on some problem. | commented that this guy must really be the
guru with his thirty years of experience. One of his fellow workers quietly observed that what the guy
really had was "one year's experience — repeated thirty times". | don't know anyone of us involved in
this business who was born "knowing it all" for all time. Most of this stuff is acquired over the years the
hard way by listening and observing and thinking, sometimes with pain and unfortunately sometimes
after damage to equipment or worse yet, injury or loss of life. And later research might then cause
these perceptions to change. The preceding sentence is the reason for trying to sift through and sort
out enough recollections to write this stuff, if something valid is passed on here it sure beats trashing
some very expensive machinery!

Now, regarding John Mitchell's letter to Air Classics in which he says they'd still be fighting the
Japanese if they hadn't turned hydraulic locked engines backwards all the time on Tinian / Saipan /
Guam or wherever to make schedule. Yeah, | know, that went on back then. | also know that the
Wright 3350 didn't have a very good reputation. Matter of fact, we'd have to admit it had a terrible
reputation. Maybe after all these years John has finally revealed part of the reason. Last summer a
former W.W.II B-29 pilot and | were discussing this problem. His comment, cleaned up for publication,
was that he'd like to talk to the "#*!1+(@%" S.O.B. that had turned the "&)@*">$" prop backwards on
the "%&*+(~*#" aircraft he had to ditch with engine failure right after take-off. I've spent a lot of time
with the guys who flew it on the raids against Japan, entire books could be filled with what they've told
me about those days when the weapon was deployed with the test program uncompleted. Valve
problems, cylinder problems, fuel consumption, blister windows, etc. and always — the fires! | am loath
to get involved in any dispute between maintenance and flight people. I've done my share of both.
Both sides enjoy freely telling their war stories containing, in most cases, a measure of validity. What
they disclose mostly, | guess, is a tendency for some folks to feel the other guy's experience, or lack
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thereof, just doesn't provide enough data base to have a clue. I've been on both ends working; | can
really remember using about every word alluded to above about the "dishpan" on # 2 while trying to
recowl! "FIFI" after a maintenance inspection. | was absolutely convinced, after trying screwdrivers, pry
bars, tapered punches and finally a small hydraulic jack, that that particular aluminum assembly had to
have started life originally on some other B-29. So | do have experience with removing the spark
plugs. Ever since | flew her home from China Lake I've also had the experience (along with countless
other volunteers) of trying to sell cockpit tours, a couple of bucks at a time, to generate funds to keep
this ancient 400 gph bird (archaeornis?) funded so the public can see her. Several of us volunteers
could testify how it gets real personal, real quick, when it's your own VISA or Phillips credit card
involved.
(Draft copy)

One could make the observation that the Brits knew as early as 1943 not to turn it backwards, their
Fortress Il manual specifically prohibited it. Most of the other U.S. military manuals also told our guys it
was a no-no. However, a while after | wrote the bulletin | did find one USAAC magazine of that era
that had mentioned doing it. It'd be hard to sit here and say some old top sergeant line chief didn't
come along and tell his people to do it but, that was then, this is now. These round engines are
costing anywhere from 20 to 60 thousand bucks a pop to overhaul and, as Mike O'Leary said, "we're
not fighting a war anymore". If John really believes turning one backwards won't hurt it, could he send
his VISA card number along with the next letter?

Something we really need to mention are the photos of a bent link rod used as a training aid at the
1994 NWOC in Ft. Worth. These pictures of a P&W 1830-94 provide graphic evidence for any
doubters of the destructive possibilities after an engine has been turned backwards moving oil from a
cylinder into the intake pipe. This was after the lock had been detected during pull through, the spark
plug pulled, cylinder drained, engine turned, plug reinstalled, engine rotated six blades with starter - no
more lock and then, switch on and a couple of cylinders begin firing — BAM! By the way, the force
behind the backwards rotation wasn't human. It was a tornado, days earlier! This nighttime storm
struck from the rear with enough force to damage the elevator hinges of the C-47 aircraft. Later
detective work disclosed the props had been seen moving backwards.

One thing that | think now may have been partially in error in the original WARBIRD NOTES # 01 was
that | said that oil in the intake pipe would be sucked into the cylinder when the engine started. The oil
would remain in the intake like a "snake in the grass" defying all efforts to coax it out by subsequently
turning the engine in the correct direction, no matter how many blades! It'd just wait until the engine
began firing to strike! In a subsequent discussion with Sam Torvik at the 1994 NWOC | suddenly
realized that | had disregarded an important factor while writing the original. Sam had originally
discounted to some degree the possibility of damage from the intake pipe theory. However, after
looking at the bent rod and reviewing the associated circumstances at the NWOC he changed his
mind. Originally we pictured the oil being sucked into the cylinder. | think that equally important weight
should be given in explaining the dynamics involved to the plug of oil being shoved out by the force of
a ten-to-one impeller coming alive at start-up. | think this is one of the few things | would disagree with
in Fred Helmick's letter in which he says oil displaced to the intakes would be returned to the cylinders
but would be diluted by the fuel-air mixture. Wish it were so but, unfortunately, there is a high
likelihood that glob will be shoved back full strength, incompressible and malevolent. Then, BAM,
gotcha! Gasoline is a liquid and just as incompressible as oil. However, the original thought still may
not be totally in error since | do know of several cases of hydraulic lock in the smaller Jacobs,
Continental and Lycoming engines. Since none of these engines have an impeller, that force is
obviously absent as a problem source. In these cases | just don't know whether they were the result of
not finding the lock prior to start or from turning backwards when one was found. Now, the question is,
did the blown cylinders and bent rods on these smaller (but still expensive, just ask the owners)
engines come from failure to pull through prior to start or from the intake pipe problem? Or, could they
have come from a backfire (in some cases) through the intake system which shoved the oil into the
cylinder. We just don't know and | haven't found anyone who wants to try it on his engine just for the
sake of experimenting. At any rate we do know that the end result is disastrous to the checkbook! Bill
Jones probably said it best the other day, "who cares whether it sucks or blows out of the intake pipe,
the damage is still the same".
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Also, in retrospect, | may have tried to oversimplify something. The illustration showing a piston
forcing the oil into the intake would be the next in a backwards cycle from a lock but would only force
that oil in excess of the combustion chamber volume at TDC into the intake pipe, the chamber will still
be totally full at TDC until an exhaust valve opens. Then, to be really technical, you'd have to consider
whether intake and exhaust valve locations are on the top or bottom of the cylinder on opposite sides
of the engine. And you'd have to consider the placement and design of the pipe's curves. And is it
installed on a taildragger? So not every cylinder may be a candidate. Clear as mud? Yeah, me too!
This is the area where | question Marty Hall's analysis of where the oil goes. Lock can only occur on
the compression stroke and the first valve to open when you start moving the prop backwards from
that stroke is the intake. Once you put it in the intake pipe its all luck from then on. | know that people
have gotten by with it for years - but it just looks like a poor bet to me. | just have to agree (since we're
not at war) with Marty's final comment, just — pull — the — plugs! And | fully appreciate the magnitude of
what he's saying, thinking of a Fairbanks, Anchorage or Shemya tarmac! Fred and Marty obviously
are both highly experienced and make several valid points between them. It would have been easier
to follow their discussions if they had read the original letter along with Mitchell's. Anyway, the bottom
line and what's really important - judging from the pictures and descriptions of damage sent to me
since the article, the possibility/probability of backwards rotation damage is only too real.
(Draft copy)

Not too long after the bulletin was published Doug Rozendaal sent me his computations of the
resultant mechanical forces imposed against a lock. It was based on the piston's position in the
cylinder and it really impressed me. Doug takes pains to emphasize that the figures aren't accurate to
several decimal points but they are certainly adequate for our purposes. He used a P&W 1340 so as
to eliminate gearing complications. Computing the volume of the combustion chamber at top dead
center (TDC), calculations show that just over % pint of oil would cause a hydraulic lock. Applying 50
pounds of hand force at the prop tip would result in a 900 pound force being generated in the cylinder
at 90° before top dead center (BTDC). This would increase to about 11,000 pounds force at 10°
BTDC. As the piston approaches TDC the force generated approaches infinity. This last sentence is
the killer! If the quantity of oil in the cylinder is only slightly more than the above amount you can see
that the force generated by someone (read: unknowledgeable help) really laying into the prop is
almost unbelievable.

I've gotten many copies of procedures used by various organizations and museums since the original
bulletin was published. Probably one half advocate or specify a pull through by hand and the other half
advocate or specify use of the starter. The latter camp is then further about equally divided, half
"bumping" it through and half turning it continuously. I'm acquainted with one grizzled old maintenance
chief (of long and unquestionable experience) who reminds me of the salty Joe Patroni in the movie
"Airport" in vehemently insisting that all engines must be pulled through by hand. After several years of
this "shtick" may the Lord forgive me for imploring Him to please let me show up on the tarmac with a
Catalina (maybe all rules have exceptions, hmmm?).

Seriously, my core belief remains that the people responsible are more than welcome to their strong
feelings about how they want the prop pulled through, just so long as the bottom line is,
knowledgeable people! If you let volunteers from the crowd "help", the chances are that they won't
know a hydraulic lock from a hay bale. Almost invariably they'll gang up on the prop with as many
people as can get hold of the prop blade while seeking to amaze you with how fast they can run it
through. We already know the results of that number of people's unbridled enthusiasm from reading
Doug Rozendaal's calculations. It scares me half to death. Now then, doing it with the starter presents
a completely different set of potential problems. Is it an inertia or a direct drive? If you can't "bump" it
through while diligently watching for a stalled blade and, instead, have to use full starter speed then
you're relying on a starter clutch that you hope is set to a low enough torque value to protect your life
and investment. Also, | always look at the inertia of that big prop and it also scares me. As for me and
mine, | have to admit | still do it both ways depending on the aircraft and situation. If I'm going to do it
by hand | want to do it alone or with the absolute minimum of help and slowly walked through. If with a
starter, then bump, bump, bump, a blade at a time. Note to me; what about inertia starters?
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I've heard people remark that they've never encountered a hydraulic lock in order for them to know
what it would feel like. Well, risking being shot for blasphemy, you could induce one for training under
strict control some time when the people who need the training are all around. You could pull a plug,
put your thumb over the hole and bring it up to near TDC on the compression stroke. Then squirt it full
of oil and put the plug back in. Then let everybody turn the prop and let them feel the resistance.
There isn't any question in anyone's mind after they feel it that they then realize how sudden and
sharp the lock feels compared to normal compression. Then, remove the plug and drain the jug! I'd
also leave the plug out and start it to guarantee it was cleared out. And stand way back! After the first
bulletin we found a lock on an A-26. When they decided to pull the plugs and run it as described |
managed to get oil on me even while standing a good 25-30 feet away.
(Draft copy)

To illustrate the futility of pulling it through blade after blade consider this scenario. A BT-13 sits in a
hanger all winter. Pulled through regularly, a drip bucket hangs under the stacks. Springtime comes
and the oil is very low in the tank, enough oil is added to bring the level up. Everybody around the
hangar sort of contributes to pulling it through, and through, and through by hand. Many blades later, it
has to be clear since no hydraulic lock occurs, right? The battery is known to be low so someone says
"You'd better turn the mag switch on first so it'll fire on the first couple of cylinders, else we'll have to
hunt around for a power cart". Inertia starter winds up, prop turns and fires, BAM! $16,000 later, his
sad comment, "l wish you'd written WARBIRD NOTES # 01 a couple of months earlier so we'd of
pulled the lower plugs and ran it".

Are we learning anything here? Well, I'll guarantee you the Soviets have. The M-14 engine on the
YAK has removable plugs installed in the lower intake pipes. If you get a lock on one of these, DO pull
it backwards and force the oil into the intake. Then unscrew the drain plugs, drain, reinstall and go fly!
Of course, if you don't know about these plugs and turn it backwards, oh well, new engines for these
are fairly cheap and you could sell the cores (two that I'm aware of, one in Tennessee and one in
Texas) for boat anchors!

Recently | received a totally unsolicited comment from "Boxcar Willie", a name many of you country
music fans will immediately recognize. What follows is probably going to surprise most of his fans.
While reminiscing with him in his tour bus before he went on stage | asked him if he'd ever
experienced a hydraulic lock on a 3350 or 4360. He said sure and then surprised me with this follow-
up — "and I'll guarantee you that anyone who wants to get rid of it by turning it backwards is going to
end up with a bent rod". Now | must confess that, no matter how much | admire his ability to finger the
hard (for me) “G” chord and sing train songs that make me cry, what has my utmost respect is his real
life experience and ability as a B-29/C-97 flight engineer. As Paul Harvey says, "now you know the
rest of the story". The guys | flew with in the Air Guard who were running the panel of a C-97 were
professionals who had, beyond any doubt, reached the top rung of their ladder. The "Stratocruiser"
and the "Connie" represented the pinnacle with spark advance, water injection (ADI), turbo-
superchargers or PRTs, ignition analyzer and a host of other complicated devices never to be equaled
again. It represented art as much as it did science. After he made this observation | told him about the
letter to the editor of Air Classics stating “it (hydraulic lock) wasn't a concern”, therefore it was
interesting to hear someone else's unsolicited opinion. "Willie" then added a last succinct comment,
"friend, if you don't want to bust something when you get a lock, just get out your wrenches and start
pulling some spark plugs!"

Things yet to write about:
o frost on wing - step/terms: cratered/failed/hatched/hashed/totaled/gave up/shelled/trashed/blew.
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#10 PRE-OILING WITH THE FEATHER PUMP

A subject that may be a "sacred cow" with several people came up during a discussion this afternoon.
Thought it might be of some interest to discuss how different people view the use of this procedure
and how their perceptions may influence their viewpoints. Some perceptions may be valid and some
not, let's discuss them in turn and see where we end up.

(Draft copy)
First of all, | don't think much serious disagreement exists with the need for pre-oiling of a engine if
you're hoping to get anywhere near the projected hours between overhauls we've been told were
possible/probable. We touched on failure to do this in WARBIRD NOTES # 03 as being a possible
cause of master rod failure. This is especially true nowadays where we usually see a low amount of
time being put on an engine compared to the time the military or airlines used to accumulate in the old
days. Even back then, very detailed requirements were specified after overhaul or for preserving and
then returning to service engines that were to be unused for a period.

One question asked is "does the oil pressure generated by this feather pump pre-oiling furnish
lubrication to the rear bearing". To answer that we'll need to look at a schematic of a typical engine.
When using this procedure we've seen about 50# indicated on a B-25 engine after the prop traveled
through its full cycle reaching its unfeathered position. So, it x.

Another question asked is "what's the prop doing during this process?" If you refer back to WARBIRD
NOTES #05 you'll see that as the feathering pump builds up oil pressure it initially moves the blades to
feather. As you continue holding it down more pressure builds up and somewhere around 600# it
unseats the distribution valve in the prop dome. At this point the pressure is re-directed to the forward
side of the piston within the dome, moving the blades towards unfeather. They will continue to move
towards the low pitch stops until bleed holes drilled in the xx valve are uncovered, dumping the
pressure and blade movement ceases. As you continue holding the feather button down the resultant
oil under pressure is directed back through the prop shaft to the internal engine passages, ultimately
ending up in the crankcase sump.

Finally, we could address one last perception, to me the most important. We all want to furnish clean
oil to the bearings of our engines, right? That's why we install filters on smaller engines where it's
practical and when it's not we sure try to prevent any foreign material from entering the lubrication
system. While reading this are you by any chance drinking a cup of coffee? Good, go ahead and
finish it and then look at the bottom of the cup. See any sediment or grounds from just this one filling
of coffee? It was filtered to some degree, wasn't it? Now, let's say that you didn't wash this cup for
many years but just kept refilling it with coffee. Where does the feathering system get its supply of oil?
Yup, that's right. From the bottom of the tank so as to always be available as a last resort for this task.
Don't you think you might want to contemplate for a minute or so how much foreign material and
sediment is at the bottom of that standpipe before purposely forcing it through the bearings of an
engine you intend to fly afterwards? Of course, you must balance this against the observation that you
are doing the same thing every time you check the feather pump before take-off, just not as long or in
as high a quantity. Guess all aviation is a compromise, right?

Yet to write:

e press indications/after o'haul recs, air loc/real external pre-oiler does/installed pre-oiler
probs/military/airline recs were.
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#11 FULL RATED POWER FOR TAKE-OFF

This is another subject that is almost certain to create a fair amount of controversy among the
operators of old "piston-pounders". The most often heard explanation is, "Old Joe told me to always
baby my engine!" Good idea! But sometimes with unintended results, sometimes financial, sometimes
tragic and sometimes both. Or else, commonly heard, "This 100LL is lower in octane than 100/130 so
| need to reduce the power because of it!” Again, just another example of an Old Wives' Tale leading
to misguided thinking, and (likely) more unintended results!

One particular operator, the CAF, instituted its requirement for the use of full power for take-off many
years ago. This is in the form of a flight regulation but, even after being in effect for all those years, it
seems to be either forgotten in many cases, or worse, disregarded! This regulation was adopted many
years ago specifically due to a take-off accident involving an engine that knowledgeable observers
knew was malfunctioning. However, it wasn't detected during the take-off roll by the pilot
(unintentionally, I'm sure) since it succeeded in masking its troubles, until very shortly after liftoff!

If one has occasion to visit a carburetor overhaul shop to talk to the person responsible for
accomplishing this work, it'd probably be enlightening in obtaining a “feel” or understanding of the
gasoline flow rates. And remember, the flow rate is NOT dependent upon throttle position (as some
have erroneously stated), it is simply dependent upon the mass airflow through the carburetor.

Also, a perusal of the Pratt & Whitney / Curtiss-Wright / Bendix-Stromberg / military / airline
handbooks of that era dealing with this exact problem may prove to be truly instructive! In addition,
P&W published a letter/operating bulletin to all operators back in xxxx. This letter stated very
specifically that, while they realized that in the past some operators may have misconstrued P&W’s
policy, they specifically wanted it known that they DID NOT support or condone in any way the use of
reduced take-off power. They then went on to list several reasons where they saw very definite
problems if a reduced manifold pressure was used on take-off in a misguided/misinformed attempt to
“baby the engine”.

Still to write:

¢ We also need to mention here that we’ve seen this on almost every kind of engine and airplane,
Fords, B-25s, Connies, Twin Beeches, DC-3s, etc.

e Fuel enrichment valve at what point? Power enrichment valve. Economizer.
e Piston ring miles.

e Who does — doesn't.

¢ Sandberg got PO’ed.

e Fuel grades — Glenn Goldman.

e Carb overhauler’s specs/testing.

o P&W Service Bulletin.

e Precision Engines letter.

e Old pilot’s “I know better”.

o New mechanics (usually turbine experience) "l know betters".

o “Researching” done with limited experienced people of OWT training or experience.

e Turbine experienced people’s well-meaning ideas, creep occurs at the higher EGT's, therefore
we can do the same thing with the pistons, apples and oranges, turbines aren’t pistons and v/v.

e OWT’s are always a reinventing of the wheel, a new idea that no one else could possibly ever
have thought of before or investigated before!

o Everyone in this biz wants to save a buck and operate these airplanes as cheaply as possible!
“Save our engines!” Not new, but a thousand OWT’s are enabled by it.
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Reminds me of what Ray Stits told me a long time ago, “Randy, I'd ten times rather have a
preacher or a librarian re-cover an airplane with my stuff, he'll follow the book!" "But if a Grade
A mechanic does it, he’ll always “know better” somewhere and then blame me when it doesn’t
work out right!”

Experienced operators might say — “xxxxxxxx”! Unh-huh, they make any other changes at the
same time — like pre-oiling?

Does anyone here know what the performance is with an arbitrarily reduced power setting?
What is the certification basis for using it? What altitude would you be at with normal power if
an engine fails and you’ve been using reduced power? Who's gonna have to explain it to the
FAA when an accident happens?

Once this mentality or idea is induced, then it is only natural for many to assume that “the
engine will blow up if | go to full power!”

Idea also that engine will disintegrate if the 1 minute take-off power limit is exceeded by even
one second!

| think that the factory, the overhauler, the engineer, etc., are far smarter than Lt. Sohn is in this
matter! I'll bow to their combined knowledge.
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#12

ROUND ENGINE BACKFIRES

This subject came up during a recent conversation with an experienced pilot at a large museum. This
subject suddenly became highly personal to him when he experienced a catastrophic engine failure
shortly after take-off in a single engine aircraft. Ability (along with some fortuitousness, most likely)
resulted in a forced landing with no damage. A subsequent tear down strongly suggested that impeller
damage, very possibly the result of backfire(s), had precipitated the failure. It may be that the
importance of this highly stressful loading on an aircraft engine hasn't been fully realized or has been
minimized to some extent. For that reason, this attempt at pulling together some of the known facts
about the problem may be useful.

First of all, an aircraft engine with a gear driven internal impeller (supercharger blower) becomes
somewhat of a different animal than one without this mechanism. Probably most pilots don't really give
much thought to the impeller's RPM when all that’s visible to us is the tachometer. Probably we
wouldn't multiply the tach reading we see by a factor of anywhere from 6 to 12 times. But in truth this
is what’'s happening, sometimes a few feet ahead of us or little more than an arm's length off to each
side.

Things to write:
e sneeze with oil plug in intake, rhythmic- what means, blown pipes.

Roy Erickson remembers watching a DC-3 startup on the tarmac at the terminal, then hearing it
audibly backfiring on the ramp turnout. This resulted in ruptured diaphragms. Roy said he then
watched the pilot attempt another start. It was apparent to him that the thing would run on prime but
would stop just as soon as the mixture was used. He tells me that this was along about the time of our
last operation of DC-3’s at North Central, he remembers telling another mechanic to get a spare
carburetor from stock, and they’d need one. Using the special wrenches and tools that'd been
developed for that particular job, they were able to change the carb and button it up again in exactly
46 minutes. This must be an all time record but given the experience of our mechanics | am not really
amazed, pity that other things could not have resulted in this small of a delay for a carb change. All
this makes me wonder about the - wonder what diaphragm?

Larry M has now ckd the PBY and is seeing loose intake pipes and busted or cracked rocker box
cover at exh side all the way around the fins and we don’t know if loose due to backfire or it was
before.
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#13 CABURATOR ACCELERATION PUMP

During several ground schools lately we've gotten the feeling that some misunderstanding exists
about how a carburetor's accelerator pump works on an aircraft engine. And, here we’re talking about
carburetors on 1820’s and larger, the float carburetors on 985’s and 1340’s are a different story. Some
believe that a rapid throttle movement (with the engine at rest before start) causes a "squirt" of fuel
into the throat of the intake, in much the same fashion as your 76 Belchfire V-8 automobile parked out
in the garage.

Actually, you just might be tempted to ask, “Why do we need or have an accelerator pump in the first
place”? Well, without one, every time you advanced the throttle, you'd likely be confronted with a
“stumble” or hesitation, as well as experiencing a backfire almost every time.

Let’s take a look at just how the pressure injection xx carburetors accomplish this task.
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#14 CHECKING THE MAGNETOS DURING RUN-UP

The reason for this bulletin becomes increasingly obvious when the many different ways of checking
the “mag drop” (the most basic of piston engine checks) are observed. Taught from the very beginning
of an aviator's career, the disparity of intents and results is simply amazing to observe. Along with the
answer to the question afterwards, “well, what'da you think?”
(Draft copy)

Before we really get into the subject, we probably should touch upon the commonly misunderstood
question of which magneto we’re actually checking during this test. Obviously when the switch is on
BOTH we’re operating both magnetos, and when it's on OFF both magnetos are grounded and the
engine quits. Now, however, to the interesting part - for some! When you position the switch to LEFT
remember that the RIGHT magneto is grounded and you are operating on, and checking the
performance of, the LEFT magneto. And vice/versa. While on the subject here, another truism, the
LEFT magneto fires the rear (four letters) plugs and the RIGHT magneto fires the front (five letters)
plugs. From reading some log book write-ups I'm afraid these simple facts aren’t universally
understood by everyone operating these airplanes.

The reason we check the furthermost position first on the magneto switch during the run-up is the
possibility of returning the switch only one click when we intended to return it to BOTH. If we selected
the nearest position for the first check, we could later end up taking off on one mag if we happened to
only return the switch one click when we had intended to return to BOTH. Some pilots advance the
theory that xxxxxxx TBD. Clear as mud? Try it and see, that’s easier than trying to describe it here. By
the way, I'm only sharing the "why” here with you, nothing more. | guess you can do whatever you
want if you have a strong need to be different.

Something to keep in mind for the rest of your career, “when” you inadvertently move the magneto
switch to OFF, when you’d only intended to move it to LEFT, resist the temptation to immediately
return the switch to the proper position. | deliberately used “when”, not “if’, because | don’t know of
anyone who hasn’t made this mistake at least once! If you fall victim to the almost irresistible impulse
to attempt to cover up your mistake you’ll only succeed in drawing unwanted attention to the mistake, |
guaran-dang-tee it! I'd guess that in every instance I've seen it's resulted in a healthy backfire! What
you need to do is “don’t flinch”; just say to yourself that this is another case of “big deal — so what”!
Leave the switch off, get your hand well away from it and put it to use in retarding the throttle to the
idle position. Allow the RPM to fall naturally to the idling speed of approximately five hundred RPM.
Then you can return the mag switch to BOTH and allow the engine to regain its footing at idle. Now
you can restore the power and return to the check you had originally set out to do. You'll need to
practice this or at least strongly think about it in order to be able to resist the temptation to “flinch”
when it happens to you. And it will!

Now, regarding the time you’ll need to spend on one magneto while accomplishing this check. The
military maintenance manuals for a number of these engines and airplanes all indicate that operating
on one magneto during this check for periods of up to one minute is not considered excessive or likely
to damage the equipment. This is decidedly in contrast to the conventionally held wisdom (read “old
wives’ tales’) that this will damage the engine. | don’t really think that anyone needs to leave it on a
single magneto anywhere near this long in order to determine everything he/she needs to know. This
is not an exact thing, so get what you need to know (all that’s needed is for the RPM to stabilize), then
go back to BOTH. Some pilots might prefer to gently “tap” the tachometer's glass face to eliminate any
possible tach binding. If you do this, be aware that the glass can be broken by an excessive knuckle
force. On the other hand, the “click - click” drill isn’t really going to tell you all that's needed, either.
Jack Sandberg used to just sort of “flip” through the magnetos when he was doing this preflight check.
He allowed almost no time for the mags to exhibit any “drop”, in my mind it'd have detected a “dead”
mag and that’s about the best | could say.

I’'m going to describe the mag check procedure we use for the B-25 here, since that “single pilot”
operation lends itself to a good way to describe the whole procedure. If you haven't referred to
Warbird Notes #08 (Field Barometric Power Check) lately, then you need to look at it first since the
power check is done immediately prior to, and along with the mag check. As soon as you notice the
sustained RPM on that check you can then begin the mag check.
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Look at the RPM drop, the rather instant drop you'll see first is what can be referred to as the “fast”
drop. Then you can turn you head and briefly look at the nacelle and/or prop dome to determine if any
excess engine shaking is noticed. Then, return you attention to the tachometer and notice any further
drop in RPM since you first looked at it. This is usually known as the “slow” drop. Now repeat the
procedure for the LEFT mag. The maximum allowable drop is given in the pilot’s flight manual. While
we’re on the subject, it probably isn't necessary in this particular situation but on any two pilot airplane
you need to call out the engine and switch positions as you select them, so that the other pilot can
direct his attention to the appropriate engine i.e., “#2 - RIGHT - BOTH - LEFT - BOTH”. While doing
this, note the engine temperatures and pressures for correct indications.

Now, just what were we looking for or checking while accomplishing this check? First, if you see
absolutely no RPM drop on the mag you select, don’t congratulate yourself or the mechanic, if it stays
absolutely the same it means that you have a bad “P” lead and that switch has no effect on the
system. In other words, that mag is hot and unable to be grounded! Get it fixed — all engines are going
to have some amount of drop on a single mag.

Although it might be true that you usually are unable to “fix” something from the cockpit, you should be
able to adequately describe the characteristics of the “mag drop” later to the mechanics. This,
hopefully, might minimize the time they have to spend on trouble shooting. Military manuals for these
purposes indicate that when the “drop” is excessive, (1) generally the fast drop is indicative of a
fouled/bad plug(s) or a defective ignition harness. On the other hand a slow drop (2) is generally
indicative of faulty timing (magneto or distributor) or incorrect valve adjustment i.e., fast-fouled, slow-
timing. If you have a fairly definite idea that you have a fouled spark plug you can try one of several
time honored methods of clearing it out. A method given some credence over the years is to operate
the engine at field barometric manifold pressure and aggressively lean it until it is very nearly ready to
die. Be cautious since it will rapidly overheat in this condition. Attempt to burn it out in this fashion for a
period of time, observing the CHT, of course. Then enrichen it and do the mag check again. Another
thing we used to do in a attempt to cure a fouled plug was to do the procedure immediately above and
then simultaneously (1) enrichen it, (2) depress the primer switch, (3) depress the carburetor alcohol
switch and (4) retard the throttle to idle quickly. All this was an attempt to “thermal shock” the
offending sparkplug, “hopefully” loosening its lead deposits.

Comparing the amounts of the two “drops” is a part of the check; they should be roughly comparable
to one another. Let me quote from a particular manual | just have to have handy here as an example
only. “The normal drop is 75 while the maximum drop is 100, with a difference between the two mags
of not to exceed 40”. In other words, if you see only a 10 drop on one and a 100 drop on the other,
then there’s probably something wrong, even though both are permissible according to that particular
airplane’s manual. It's a good bet that the timing is xxxxxxxx TBD.

Remember these to write:
e airborne

We should mention somewhere here that we used what was referred to as a “running mag check” on
the airline. This entailed a complete standing mag check upon the originating run-up, as discussed
(ad-nauseum) in this article, then a quick lower power one on all subsequent stops of that flight. The
“running mag check” involved finding a convenient taxiway while taxiing out, then running both
engines up to approximately 1900 RPM on the R-1820 DC-3's or 2100 RPM on the Convairs.
Sometimes one might have to ride the brakes slightly to avoid an unwanted acceleration. Then quickly
cycle the mag switches through all the appropriate positions before gaining too much speed. In truth,
while it was FAA approved, this procedure probably would have accomplished little more than to
detect a “dead” mag! But it remained in existence for as long as | flew the “piston pounders” at North
Central Airlines.

The preceding paragraph reminds me of something else we need to discuss here; a manifold
pressure that is provides an adequate internal cylinder pressure for a valid mag check. However, if
less is used, the firing of the spark plug is probably not going to be indicative of much of anything. My
feeling is xxxxxxxxx TBD.




©R. L. Sohn WARBIRD NOTES

Page 39

(25) 03 Apr 98

If you haven’t been routinely doing an “idle mag grounding check”, you need to start right now - on
your very next flight! You owe that much to the mechanics working around your airplane, or anyone
else for that matter! If the magneto doesn’t stop firing when you turn the switch off, then all that's
needed for a terrible accident is for someone to just move the prop blade a little bit with a “hot mag”.
Someone “pulls the props through” before starting, right? Or you turn or “bump” the prop through a
number of blades with the starter? Be a big surprise, either way, to discover a “hot mag” when you
didn't know it, right? Three times during my career I've seen the engine fail an “idle mag grounding”
check. Just a quick word of advice, though, do it at idle, otherwise you may get a fair backfire if you're
up at a thousand RPM or so. Also, minimize the time spent with the ignition off, as soon as you can tell
that it's grounded the magneto, return the switch to BOTH in order to minimize any possibility of a
backfire.

Some have advanced the theory that they didn’t want to do the “idle grounding check” right after start -
until the engines had warmed up. | think that they are confusing two different scenarios here,
sometimes an engine doesn’t want to keep running right after start and you might have to “squirt” it
with the primer a few times while it's cold. However, this has absolutely nothing to do with the “idle
grounding check” in any way! This check can be done at anytime, start, middle or shutdown, it doesn’t
make any difference at all. Just another “old wives’ tale”, | guess. We did agree to do it right after start
on the B-17 while all four are running because so many times the inboards are cut when turning off
the runway upon terminating. That way we’ve gotten it at least once during the flight, even though it'd
be preferable to do it just prior to shutdown upon termination. One point here, scavenging, in the near
future this all may shortly become a moot point since we are contemplating leaving all the engines
running, then to do a complete scavenging at 1100-1200 RPM immediately prior to shutdown.

Randy:

I'd like to throw something in here about the mag checks. | was reading JD's response to that item and
| suddenly realized why | had an uncomfortable feeling about it. Since day one | was taught by two old
grizzled pilots, Lyle Mungeon and Ken Lynde (may they both rest in peace. | think Ken's license had
been signed by Orville) to go one click, check the mag, back to both, and then two clicks to check the
next mag, and then back to both. It was always "One-one, two-two". | personally never had a problem
with this and didn't realize there was another way till you started advocating the other way. | now
remember Lyle, who was the first to explain it, | think, saying that you checked the first one so that you
didn't pass over a dead mag with the resultant "bang” on the way to the good mag. That was the piece
| was missing. This summer | have made a conscious effort to do it your way.

I've had to stop before each mag check, look at the switch and think about what I'm going to do. It was
like batting right handed all your life and now being told to hit "left". We've occasionally had dead
mags. Could JD's point be valid enough to change your mind?

I'm thinking how your mind works. You'll say that each mag selection should be a deliberate move and
if the engine dies on the first mag, throttle to idle and then reselect both. | think the chances of
someone rapidly cycling through the mags and "missing" or not reacting quickly enough to the dead
mag are better than someone leaving the mags in some position other than "both" at the conclusion of
the mag check. Besides, everyone that follows your procedures also uses a checklist that calls for
rechecking the mags in "both" during the take-off check. If someone doesn't have the discipline to use
the checklist properly what are the chances they'll do the mag check properly? And vice-versa.




©R. L. Sohn WARBIRD NOTES

Page 40

(26) 21 Feb 95

#15 PROP FEATHERING SEQUENCE AND ACTIONS

Whenever this becomes the "subject du jour" it's guaranteed to create an intense discussion (and
deservedly so) among experienced aviators and pilot examiners. And this sequence is inevitably going
to be far more important to some pilots than it is to others. It must also be noted that the sequence has
undergone a change in focus and intent (to some degree) as flight training methods and objectives
changed over several decades. We've undergone sort of a metamorphosis from that of operating
round engined airplanes every day as a business to one of operating them more as a hobby. And the
pilots have also changed both in their level of knowledge and in the training procedures they’ve been
exposed to. At the same time, however, we can't simply abandon flying safety in this equation simply
because the pilot finds it "more difficult" in the current or modern world. Not if we still want to operate
these old propeller airplanes. In other words, we may not be able to expect an airline level of
competence or performance, as in years long gone by, but we certainly can (and need to) expect a
safe one.

(Draft copy)

Some of the older flight manuals are likely to describe a feathering sequence that differs substantially
from one contained in the more modern manuals. Back in those earlier days, little thought was
apparently given to this. As experience was gained and standardization became more important, it's
obvious that more thought was applied to this subject. Later, the jet mentality came along and that
philosophy also had an effect on the procedures. With the advent of the jets, we easily took full
advantage of their different design philosophy. The jet engine was enclosed within a pod or a nacelle
that'd burn or break away from the airplane's structure. Accordingly, the training philosophy then
became "don’t worry about it this instant”, it just wasn't as important in the overall scheme of things as
it had been earlier. "You don't have to deal with it immediately", as had been the case of a propeller
where it had to be feathered (either manually or by auto-feather) if you were going to have any hope of
surviving an engine failure shortly after take-off. Accordingly, we happily acquired the luxury of using
the checklist as a "do list" for the failure instead of having to immediately feather it to provide a hope of
salvation. There's a big difference between the jet engine and a prop that must be feathered in order
to extract even a modicum of performance from an airplane whose performance has been suddenly,
and radically, reduced by an engine failure with a windmillling propeller. Even in the more current
manuals some differences in procedures are likely to exist, depending upon the author's background.

Stuff to write:

An airplane with propellers always has, and always will, demand an extra amount of proficiency from
the pilot, especially if the engine fails at a critical time on take-off. Jets have spoiled people over the
past few decades, because of this difference. With props, you simply cannot "dawdle" as some might
describe the prescribed drill in modern day jets; the best description | can think of is to "proceed with
all deliberate haste!"

Many propellers utilize an electrical "step-head" motor mounted on the prop governor for blade pitch
control. This was installed in a few early airplanes, one of which happened to be the Consolidated-
Vultee C-87. If you've read "Fate is the Hunter" by Ernie Gann, this is the four engined aeronautical
contraption that Ernie wrote about with such undisguised affection (tongue-firmly-in-cheek-mode)! In
his personal descriptions to me, this beast certainly occupied a position of respect, intermingled with
contempt, in his memories. In spite of its early teething troubles, after the war this method of prop
control became almost universal. With this arrangement (in its most basic form), the prop had a three-
position electrical switch on the console for controlling the propeller's pitch. The switch utilized
electrical wiring to control the step-head motor on the engine's nose case mounted hydraulic prop
governor. On the upside, this eliminated the unwieldy system of cables and pulleys; the downside was
that this system took much longer to traverse between the governor's limits than just manually moving
the prop lever. It also relied totally upon having electrical power available. In a typical installation, the
switch might have to be actuated for a total of TBD seconds for the step-head to traverse the entire
distance between governor limits (low lights to high lights or vice-versa). Obviously this time factor
makes it impractical to move the prop control to the LOW RPM setting as a routine precondition for
feathering. Also, if one anticipates a possible loss of electrical power, then one might wisely prepare
for this eventuality by setting the RPM setting to something higher right away, thus not limiting one's
options later. A form of insurance, if you will.
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<« Mixture, prop, throttle, drag reduction, throttle, prop, mixture, feather. Easy to remember, but it also
seems to help because it makes a little more time to think available. This is the way it was done at
Capital Airlines. | should mention that | describe those last four steps as an "increasing degree of
irrevocability".

By the way, right up front here, we should discuss or mention always taking care of the drag reduction,
as "retraction of gear and flaps, unless otherwise required".

T Mixture, prop, throttle