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THE GERMAN SUBMARINE DIESEL
ENGINE

By Lieur-Com Hovrsrook C Gmsson® U S N

The author describes the type, size and general char-
acteristics of the engines with which the German sub-
marines were equipped at the time of the surrender,
after having personally inspected 183 of them at that
time, and then presents the general details of construc-

. tion of these engines, inclusive of comments thereon.

: The maneuvering gear for such engines receives

_lengthy consideration and the reliability of engines of -
this type is commented upon in some detail, the author -~
havmg confirmed his opinion that the German subma-
rine engine is extremely reliable.
~ One of the controlling factors in the design is that
the Germans had investigated steel casting to the point
where the successful production of steel castings was
an ordinary process, and the author believes this to
have been largely responsible for the success of the
German submarine engine. -

Much to the surprise of everyone present at the
-time of surrender, the German submarines came up
to their moorings, maneuvering entirely by using their
engines. This performance caused much favorable
comment. An inspection was made of the various boats
“and in the majority. of cases it was found that the
"~ engines were of Machinenfabrik-Ausburg Niirnburg
(M.A.N.) four-cycle reversible type. A few other types
were found, such as.the Vulcan, Bolhm-Voss, Koerting,
Benz, Niirnburg two-cycle and Krupp two-cycle but, com-
paratively speaking, they were very few in number. In
our own submarine service, before the war we had heard
much about the Krupp two-cycle engine and naturally
supposed that this was the best engine in Germany. How-
ever, the Krupp interests were so powerful at that time
that they had had their engines adopted for the German
submarine service. Out of about 183 submarines which
I personally inspected at the time of the surren_der, there
were only five or six boats that had Krupp engines and
they were out of repalr These engines also had one
serious objection in that the cylinder-heads and some
other parts were made of bronze, which metal became very
scarce during the war. As soon as the war was well

1Submarine Repair Base, League Island Navy Yard, Philadelphia.
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under way, the German authorities had to listen to the
operating personnel and it became necessary to adopt the
M.A.N. four-cycle engine, which can be considered as
the standard for the German submarine. However, this
type of engine was not a war product, but was a practi-
cal proposition as far back as 1912.

During our inspection we found one submarine which
was fitted with a pair of M.A.N. four-cycle 800-hp. en-
gines dated 1912. It was about that time that one of
our own submarine officers was in Germany. He was
shown practically everything in the Ausburg shops except
a certain four-cycle engine which was in an enclosure
undergoing shop tests. I have reason to believe that this
was the engine type which was later adopted for the Ger-
man submarine service, but it was not until after the war
that this four-cycle engine became generally known.
Nothing much was heard of it and what one did hear was
very vague. Inspections of the German submarine flo-
tilla and various submarine engines and engine plants
in Germany revealed that the M.A.N. four-cycle engine
predominated. It was being built not only by the Aus-
burg plant of the M.A.N. company, but at all the other
engine plants. The M.A.N. engine is built in the fol-
lowing sizes: 100 hp. at 550 r.p.m.; 300 hp. at 550 r.p.m.;
500 hp. at 500 r.p.m.; 1200 hp. at 450 r.p.m.; 1750 hp. at
380 r.p.m.; and 3000 hp. at 390 r.p.m. The fundamental
design of all these engines is the same, but as the size
increases certain modifications are necessary. The bed-
plates are all of cast steel and so are the cylinder jackets.
The cylinder-heads and pistons are of the usual material,
close-grained cast iron. The crankshafts and connecting-
rods are of good quality steel. The M.A.N. engine, with
the exception of the 3000-hp. size, is made with six cyl-
inders and an air compressor on the forward end which
also carries the fuel pump and a device called the spray
air regulator. Everything that is needed to run the en-
gine is located at the forward end, available for the
operator.

Regarding the 100-hp. engine, it happened that I went
around Kiel harbor in the barge of one of the former
German admirals. I noticed that the boat had a quick
getaway and high speed. I looked into the engine room
and saw that it had a 100-hp. M.A.N. Diesel engine just
like the larger ones. This size is a practical proposition;
it operated beautifully. This little engine had six cylin-
ders and one three-stage air-compressor on the forward
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end. The engine was air-starting and had a mechanical
reversing-gear through the clutch.

The 300-hp. type of engine had the same general de-
sign characteristics as the 100-hp. sizes The pistons of
the 100 and the 300-hp. engines are not cooled. The
500-hp. size has six cylinders also and has additional fea-
tures such as air-starting and reversing and two spray
valves in each cylinder-head. In other words, it has a
twin spray valve for fuel admission. The pistons are oil-
cooled in this size.

The unit developing 1200 hp. at 450 r.p.m. is exactly the
same as the 500-hp. size; it has oil-cooled pistons and
some variations in the type of air compressor. There
seems to be no standard practice regarding the use of a
three or a four-stage air compressor. In a mine-laying
cruiser one will find a four-stage air compressor and in
another type of boat a three-stage compressor. In the
former the compressor is used not only for the engine
but for charging the air supply for the ship. That is the
only difference in the 1200-hp. type. They are all the
same and look as though they had been cut from the same
pattern. The 1200-hp. engine can be considered as the
German standard, since it was used in a great many
vessels ; their 800-ton submarine was the standard subma-
rine. A German officer told me that if Germany had con-

Fic. 1—SIipE VIEwW OF A 1200-Hp. DIESEL ENGINE SHOWING THE
STEEL CONSTRUCTION OF THE BEDPLATE AND THE HoUSING WHICH
ARE INTEGRAL UP TO THE BASE OF THE CYLINDER JACKET
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F16. 2—LOOKING DOWN ON THE 1200-HP. ENGINE

centrated on this 800-ton submarine type, Germany would
have won the war. I do not know the total number, but
they built 200 or 300 of the 800-ton boats and each was
equipped with the 1200-hp. engine.

GENERAL DETAILS OF CONSTRUCTION

Fig. 1 gives a very good idea of the steel construction
of a 1200-hp. engine. The bedplate and the housing are
integral up to the base of the cylinder jacket. The bed-
plates are made in sections to take in two cylinders and
they are bolted together with many bolts, resulting in a
very substantial construction. The joints can be seen in
the illustration. There is a small section on the forward
end for the air compressor. The cylinder jackets are
also bolted to one another and go all the way across on
the inside, forming a regular girder construction; the
result is a very rigid engine but, where it is bolted to-
gether, it is free to expand upward. In other words, the
bolts that go through the section are not fitted but are
loose, the cylinder jackets being able to expand upward.

Fig. 2 shows the engine viewed from above. The prin-

cipal feature to be noted is the twin spray valve. In my
opinion the idea of the twin spray valve was originated
on account of the construction of the cylinder-head. If
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they had cut one big hole in the cylinder-head for the
spray valve in addition to the large inlet-valve opening,
the cylinder-head would -have been materially weakened.
It looks complicated, but really is not and it works beau-
tifully. The satisfactory operation is simply a matter of
accurate workmanship and proper lining up of the valves.

Fig. 8 gives an idea of the mechanism at the forward
end. This is the 1750-hp. engine, but it is practically the
same except for one additional feature. The fuel pump,
air regulator and air compressor are shown. There are
three air-coolers and below the coolers are the three
separators for the various stages of the air compressor.
The wheel shown controls the reversing mechanism which
is on the 1200-hp. engine and smaller sizes. It works
very easily and one man can handle it without any
trouble. This 1750-hp. is the type of engine discovered
on the so-called Von Tirpitz super-submarine. These
vessels run from 2000 to 2700 tons displacement and were

F16. 3—LOOKING AT THB FORWARD END OF THE 1750-HP. ENGIN:;
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built primarily to operate on the Atlantic Coast of the
*United States. The engine in the 2000-ton boat is of
the 1750-hp. type. As is seen in Fig. 3, it has six cyl-
inders, with air-starting and reversing gear. It has all
the earmarks of its predecessors except a few radical
departures in design.

Fig. 4 shows the 3000-hp. engine found on the 2700-
ton boats which were the largest of the German subma-
rines. It is practically the same as the 1750-hp. engine
except that it has 10 cylinders instead of 6. The pic-
ture of an average man standing alongside gives an idea
of the size of this engine. All of the German engines are

F16. 4—VIEW oF THE 3000-HP. ENGINE WHICH WEIGHS 14,000 LB.

comparatively light for their horsepower. The 1200-hp.
engine, complete with exhaust heads, dependent auxil-
iaries and everything except miscellaneous piping and the
oil cooler, weighs 57,000 1b. The 1750-hp. engine, com-
plete with dependent auxiliaries, flywheel, exhaust heads
and the like, weighs exactly 97,530 Ib. The 3000-hp. en-
gine weighs 72 net tons, or 144,000 lIb. One can see in
the illustration how the engine is bolted together; all the
bolts fit loosely so that the castings are free to expand up-
wards, but not fore and aft.

Some radical departures are made in the construction
of the pistons of the 1750-hp. engine. Fig. 5 shows the
gix pistons removed. From a casual glance one would
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F1a. 5—THE PISTONS OF THE 1750-Hp. ENGINE REMOVED

think they were exactly the same as those of the 1200-hp.
engine. However, when we commenced to clean them up
and looked on the inside, we noticed a row of bolts. When
these were taken out we discovered that they released the
piston-head. The pistons are a radical departure in de-
sign from their predecessors in other engines. Fig. 6
shows one of them taken apart; the trunk of the piston,
with the flange at the top; the piston-head, looking in-
side; and the cover that goes up inside of the piston to
make it a closed cavity so that the oil cannot escape.
The piston-head is a very fine piece of work. It is a
block of semi-steel, machined inside and out. The cavities
are for the cooling oil which comes in at the side, works
its way around through these grooves and finally into the

F16. 6—ONE OF THE DIESEL ENGINE PISTONS TAKEN APART
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center and out. Locknuts are provided so that it is im-
possible for the inside cover-plate to get adrift. A plate
goes on over the oil grooves. Some of the groove walls
are made thicker than others to provide for the screws
which hold the cover-plate on. The bolts that hold the
pistdn-head to.the flange, of the pisfon are riveted
through and they are all locked with lock-pins and lock-
nuts so that the wholé is a unit and cannot come adrift.
This deSign of piston is one of the important departures
from former practice. To my mind, it is the most in-
teresting. The cooling-oil pipes are showni which carry
the oil in at the periphery and out at the center. The
‘Germans apparently were experimenting more or less
‘'with this type of piston, for we discovered that the pis-
tons in the engines of the submarine U-140 weye slightly
different from those of the U-127, although the engine
was exactly the same to all appearances. The pistons
described were taken from the engine of the U-127 and
are apparently of later design.

&
Another interesting feature about the piston is’that
on the former engines the pistons were straight from
the bottom of the working rings to the bottom of the
piston. On this type of piston we found that the skirt
was relieved all the way down for a space about 6 in.
~ wide and parallel to the wrist-pin ends. The diameter
of the piston is 21 in.

Fig. 7 shows the construction of the connecting-rod
and the wrist-pin bearings which is the same through-
out all the engines that have cooled pistons. It shows
how they provide additional bearing area for the wrist-
pin bearings which are subjected to much heat and heavy
pressure. The Germans apparently had no trouble with
these bearings, for we have had cases where the piston
and the cylinder wall have actually scored because of the
dirt, and the wrist-pin bearing has not been affected in
the slightest degree. A steel forging or casting, I do not
know which, goes through the eye of the connecting-rod.
It is made in two halves. The upper half of the wrist-
pin bearing is shown partly taken out. The lower half
has lips or projections to hold the shell in place. The
upper half has one small lip and is slipped in last. The
wrist-pin bearing is-made the extreme width that can be
obtained from the inside of the piston; almost double the
width of the eye of the connecting-rod is obtained.
Naturally, the wrist-pin pressures are very much re-
duced in this way. The bearing metal, instead of being
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a bronze bushing, is of comparatively thin babbit metal.
They have a fitted distance-piece, measured by microme-
ters, between the upper half of the bearing and the eye
of the connecting-rod. The connecting-rod is drilled out
to make it light and when oil is forced to the wrist-pin,
this big hole or cavity fills with oil; the inertia of this
0il column tends to pull the oil from the wrist-pin and
run that part dry. Instead of putting in a check-valve
at the foot of the connecting-rod to prevent this, they

F16., T7T—THE CONSTRUCTION OF THE CONNECTING-ROD AND THE
‘WRIST-PIN BEARINGS WHICH I8 THE SAME FOR ALL ENGINES HaAv-
ING CooLED PISTONS

have put in a pipe with a screw plate and screwed the
pipe into the wrist-pin bearing. The connecting-rod is
not filled up with oil and they do not have the difficulty
that we sometimes encounter. It is a very simple scheme
and there is nothing to go wrong. Another interesting
feature in this engine is that the after bearing is of a
larger size than the other main bearings of the engine.
This bearing is 12.375 in. in diameter; the other bear-
ings are 11.228 in. in diameter. This is done to provide
support for the clutch.

MANEUVERING GEAR

Fig. 8 shows an engine having the same maneuvering
gear as the 1200-hp. engine; it has the same handwheel
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for operating the valve gear. This wheel works through
‘a series of bellecranks and levers and raises the valves
clear of the camshaft; the camshaft moves sufficiently to
bring another set of cams in line and, to complete the
operation, the valve gear is lowered on the new set of
cams. On the 1200-hp. engine this was done manually
‘and, while it could be operated readily by the average
man, it was a hard task to do this several times per
minute in answering the engine-room signals. On the
1760-hp. engine this reversing gear can be operated in
this way, but it is really all that one very strong man
can do; so, in addition to the manually operated gear, a
gear is installed which operates by air and also by oil.
It is a small box that has four valves in it and by turn-
ing a small handwheel in one direction the proper valves
are depressed admitting air to a ram. There is an inter-
locking device on the front of the engine so that when
the power-operated maneuvering gear is used the hand
gear is thrown out. It is interlocked. When this hand-
wheel is turned, the ram goes over in about 2 sec. and the
engine is then ready to operate in the other direction.
In case the air pressure fails, there is a small oil-pump
provided and the ram can be pumped over with oil
pressure. The operating gear shown had not been used
in two years and we tried it today to see if it would
work, as it was the only thing on the engine that we
did not take apart. We found that it operated very satis-
- factorily, as if it were put together only yesterday. An-
other interesting feature on this type of engine, which
is simple but apparently very necessary, is a stop-valve
on the circulating water supply which is operated by the
starting levers of the main engine. It is a sluice valve
in the header which supplies - water for the working
cylinder jackets. It is arranged so that when the oper-:
ating levers are brought to the stop position the watér
is cut off from the working cylinders, and it is impossible
to supply water to them until the engine is started again.
From reading a confidential German instruction pamph-
let, I noticed that they lay stress on the fact that cold
water must not be put into the engine when it is shut
down. The water must be turned off the minute the
engine stops. But with this engine, even when using
independent electric auxiliaries, it is impossible to dam-
age the engine by pumping cold water into it after the
gear has been brought to the stop position. That is a
refinement and I suppose it is very necessary. I am also
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of the opinion that this may have something to do with
‘ the air-starting of the engine. In other words, it is not
possible to put water on the working cylinders until after
the engine has started firing. Consequently, when start-
ing with air, the cylinders are not being cooled with cold
water.

One other point in the operating gear that does not
appear in the older engines is interesting. There are
three indicators on the dial of the operating gear, marked
Voraus, Tachstellung, and Zurick. The Voraus and
Zurick mean ahead and astern, and Tachstellung means

Fi16. 8—THE MANEUVERING GEAR OF THE 1750-HP. ENGINE WHICH
Is TYPICAL OF ALL THE GERMAN SUBMARINE ENGINES
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diving position. I have been trying to discover a real
reason for this third setting and, so far as I can deter- -
mine, the diving position means the position in which
the engine control is placed when the boat dives. It is
just the same as the neutral position of the engme, mid-
way between ahead and astern. I think it is one of the
refinements that was developed during the war. In case
a submarine comes to the surface, the commanding offi-
cer is able to maneuver the ship to the best posmble
advantage. It might also be used in an emergency case,
to avoid ramming. If the commanding officer had the
controls in the Tachstellung position, he would then be
in the best possible maneuvering position for any
emergency that might arise.

Fig. 9 shows the oil-pump. One of the great troubles
we have had in our own service is to build a good lubri-
cating oil-pump. I do not necessarily mean a pump that
never breaks down, but sometimes oil-pumps make too
much noise. This pump is the same kind that is used on
all the German engines. It is very simple and consists
of two gears, one of which is fitted with a cylinder with
grooves cut in it. So far as I can make out, the idea is
that in an ordinary gear pump a certain amount of oil is
trapped between the teeth after the oil has been dis-
charged, creating a tremendous pressure which naturally
makes” it pound. The pump shown is designed so that,
when the teeth are in a certain position after the oil has
been delivered and a certain amount of oil has been
trapped, the holes come into position and the oil passes
through the groove. This pump is very smooth-run-
ning and is almost noiseless. I took one apart on a
1200-hp. engine which had been operating for 25,000
miles, but the original toolmarks were still on it and all
we did was to put it together again. It is apparently a
very satisfactory design of pump and very efficient.

Fig. 10 shows the main engine clutch on a German
submarine. It is necessary to have a clutch between
the main engines and the electric motors so that when
the boat dives the engines can be disconnected. This
clutch is typical of the German design and is very simple.
It consists of two truncated cones. The cones slide on a
spider, operated by springs. There is a sleeve on the
end, with bellcranks to force the truncated cones in and
out against the outside casing. The travel is very small,
only 1, in. The angle of the cones is 28 deg. The cones
are made of cast iron and the outer rings are steel. They
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F16. 9—THE OIL-PUuMP DISASSEMBLED INTO ITS VARIOUS PARTS

are forced in and out by means of a pneumatic piston
which is controlled by a small valve. This control en-
ables extremely rapid engagement and withdrawal of the
clutch.

RELIABILITY

I have confirmed my opinion that the German sub-
marine engine is extremely reliable. Some thorough.
tests were made on a 1200-hp. engine without any trouble
or breakage. This was an old engine which had been
horribly abused. It was overhauled, put in operation, and
ran without much trouble. A former German submarine,
the U-111, was operating last winter with some of our
submarines. It had a green crew and none of them knew

F16. 10—THE MAIN CLUTCH OF THE DIESEL SUBMARINE ENGINE
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anything about the engine. The vessel operated all
winter until it came to the League Island Navy Yard for
docking and painting preparatory to some speed trials.
I talked with the commanding officer, and told Him his
engine was not adjusted properly, but in spite of this it
was running very well and was misleading on account of
such satisfactory operation. I persuaded him to allow
the gang of men I had used on previous engine tests to
tune the engine up for him. It was found that every-
thing pgssible on the engine was wrong; it was all out
of adjustment. The gang cleaned the engine parts, set
the valves, ground them in tight and set the parts accord-
ing to the data we had collected on this 1200-hp. engine
on test. The vessel went out burning up its fuel per-
fectly. She developed over 17 knots, while on the previous
trial she could not make 14 knots. This demonstrates
that the German submarine engine is reliable and can
run even if the personnel are not highly trained. That
is a condition we must meet in submarine service.

The submarine Diesel engine is not an ordinary Diesel
engine, mainly because the requirements are so exacting.
The submarine demands everything of an engine that is
difficult to get. The space and the weight are limited;
the service and treatment are very severe. The require-
ments of a submarine Diesel engine might be considered
as a quest of the absolute. It must be entirely free from
imperfections both in design and workmanship. The
. Germans spared nothing on the submarine campaign to
win the war, and I think the results have shown them-
selves in the development of the M. A. N. four-cycle en-
gine. Many people who have seen it state that it is
complicated. I feel now, since I am more or less familiar
with it, that such statements are made by people who
have not given careful thought to what the engine is sup-
posed to do. To bring this point out more clearly, I will

take for example, a little device on the forward end of
the engine which is used to stop it from the conning
tower or the bridge of the vessel. We had a similar
device on our gasoline boats in the early days. This con-
-gisted of a little switch in the conning tower by which
the ignition-system circuit on the gasoline engine could
be broken in case of emergency. The same idea was
proposed for the Diesel engine, but we had a better
interior communication signal on the later boats and we
did not see any need for it; submarine officers stated that
it simply made the engine more complicated. But if we
stop and think for a moment, it becomes very apparent
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that with a larger-sized boat having larger compart-
ments and a big induction valve supplying air to the
engine room, when crash diving it is necessary to stop
the engines from the bridge to be sure that they are
stopped before the main induction valve of the boat is
closed. What would happen if the man in the engine
room was slow in obeying the signal? Suppose he did
not get the signal or was not at his post at the time the
. signal came through and the induction valve was closed.
A vacuum would be produced inside the hull which might
kill everybody aboard and cause the loss of the boat.
One may not be able to understand at once the reason for
everything on a German submarine Diesel engine, but if
careful study is made, a very good reason will be found
for all of the so-called complications on these engines.
One of the controlling faclors in the design of this Ger-
man engine is the steel castings. I think this is true
not only of the German Diesel engine but also of the
motorboat engine. The Germans have investigated steel
casting to the point where making steel castings is an
ordinary, every-day job. I think that has much to do
with the success of the German engine, for they have
made beautiful steel castings. In this country we have
found it difficult to get the steel castings made properly,
but after many efforts we are now making a steel cast-
ing for the 1200-hp. engine in the League Island Navy
Yard with electric furnaces. We employ a 3-ton electric
furnace and have done some experimenting which indi-
cates that the trick is in the coring. The steel is poured
into the mold and the minute that the metal has set the
mold is broken down to get the casting out. The cores
are destroyed so that the casting cannot shrink on a
stiff hard core. In some of the difficult castings the core
is made so that it will crush and, so far, the results have
been satisfactory. It is a job that the steel manufac-
turers of the United States did not want to attempt. But
it was felt in the Submarine Service that it was neces-
sary to learn how to make good steel-castings. It must
be borne in mind that the German engine is a good type,
and the information to the world is three years old. It
is not only the United States that has this steel-casting
information, all the other nations have it. The Germans
pour steel like we pour brass and make no fuss over it.
We do not want to be satisfied with copying ; we must lead.



