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PROPELLER COMBINATION FOR A BOAT 
PROPELLER UNIT 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

The present invention relates to a propeller combina 
tion for a boat propeller unit, comprising a forward 
propeller and an after-propeller intended to rotate in 
opposite directions about a common rotational axis. 
Such a propeller combination is shown in U.S. Pat. 

No. 4,619,584, in which both the propellers are de 
signed for optimum cavitation-free operation. This 
gives the propellers a "firm-grip' in the water which is 
an advantage for heavy boats, since the manoeuverabil 
ity will be quite good and it provides good control of 
the boat's movement in the water. 

If, however, the engine power is increased at the 
same time as a lighter boat is used for higher speeds, the 
effect of the propeller grip in the water affects the be 
haviour of the boat during sudden turns with extreme 
rotation of the steering wheel. For example for a fast 
boat (35-45 knots) with a deep V-bottom, the long, deep 
V will track the boat even in turns. If the steering wheel 
is turned sharply, the boat can be forced into such a 
sharp turn that the V will suddenly lose its grip and the 
after-portion skid. At precisely this moment when the 
skidding occurs, there arises a counter-acting force on 
the propeller transversely to the propeller in its plane of 
rotation. The water strives to counter-act the subse 
quent displacement of the propeller, the counter-acting 
forces being proportional both to the pull of the propel 
ler and its displacement speed. 
The suddenly arising (and short-lived) force makes 

the propeller "stick" in the water for an instant, and if 
the boat speed is quite high and one makes a hard, rapid 
turn of the wheel there is the risk that the boat will 
make a short outwardly directed tipping movement, 
which can be unexpected for those in the boat. This 
sudden phenomenon is not particularly connected with 
double propeller units but applied generally to non 
cavitating propellers. 
The purpose of the present invention is to achieve a 

propeller combination of the type described by way of 
introduction, by means of which it is possible to appre 
ciably reduce the propeller transverse forces which can 
arise when skidding (especially in boats with a deep 
W-bottom) not only to increase safety but also to pro 
wide a softer, more comfortable movement when turn 
ing. 
This is achieved according to the invention by the 

forward propeller being designed to function without 
cavitation, while the after-propeller is designed to func 
tion with optimum or partial cavitation, has cupped 
blades and a total blade area of between and of the 
total bade area of the forward propeller. 
The following general principles apply to cavitation: 
A propeller blade cuts through the water with a 

speed which is a combination of the boat speed and the 
rotational speed of the blade. At the representation 
radius of 70%, the velocity is normally 60-70 knots. 
The velocity is high and the blade must therefore be 
thin and long, so that the water will have time to fill up 
the cavity which tends to form when the blade cuts 
through the water. At 60 knots for example, the blade 
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2 
may have a thickness of at most 8% of the blade width 
and at 70 knots at most 6%. 

In addition to the blade thickness, the water is af. 
fected by a pressure difference over the blades, corre 
sponding to the pulling force of the propeller. This 
creates a suction side and a pressure side, to which 
pressure the effect of the blade thickness is added. The 
required blade area per kW of engine power can be 
calculated by known methods for a propeller which is 
to work optimally without cavitating. For the propeller 
drive unit described in U.S. Pat. No. 4,619,584 the tar 
get value is about 10 cm per kW. 
By dimensioning the after-propeller in accordance 

with the invention with "too little" area, a cavitating 
propeller is obtained. In order to make it practical to 
have such a propeller, it is essential, however, that the 
bubble not collapse on the blade. In accordance with an 
additional feature of the invention, the after-propeller is 
cupped, i.e. the blade is provided with a sharp curvature 
at the rear edge and this produces a pressure fluid which 
has a tendency to provide a low pressure which be 
comes lower from the nose to the rear edge. The result 
is that the cavitation bubble begins at or near the rear 
edge. It is also small. 
The invention provides a propeller combination with 

an after-propeller, the efficiency of which is somewhat 
lower than for a conventional propeller, but which, on 
the other hand, makes it possible to reduce the steering 
forces by up to 50%. 
The invention will be described below with reference 

to examples shown in the accompanying drawings. 
FIG. 1 shows in partial section a side view of a pro 

peller combination according to the invention, 
FIG. 2 shows a cross section through a forward pro 

peller blade, and 
FIG. 3 shows a cross section through an 

propeller blade. 
FIG. 4 shows a rear elevation of the forward and after 

propellers. 
The propeller drive unit generally designated 1 in 

FIG. 1 is a so-called inboard/outboard drive unit, de 
signed to be mounted on a boat transom and be coupled 
to the output shaft of an engine (not shown). The drive 
unit contains a reversing mechanism, with an output 
shaft 2 having a conical gear 3 in constant engagement 
with two conical gears 4 and 5. Gear 4 drives one pro 
peller shaft 6 and gear 5 drives a hollow shaft 7 jour 
nalled concentrically to shaft 6. Shaft 6 carries propeller 
8 and shaft 7 carries propeller 9. This arrangement 
makes the propeller shafts rotate in opposite directions. 
The forward propeller 9 shown in section in FIG. 2 is 

shaped so that the propeller will function without cavi 
tation, while the after-propeller shown in section in 
FIG. 3 is shaped so that the propeller will have an opti 
mum cavitation (semi-cavitating), the cavitation bubble 
extending from the rear edge of the propeller blade and 
not from its front edge. For this purpose the propeller 8 

after 

is made with a section, the chord width of which in 
the example shown is reduced by about 30% in relation 
to the forward propeller 89. In order to provide 
optimum cavitation for the after-propeller the total 
blade area must be between and of the total blade 
area of the forward propeller. 
As shown in FIG. 3, the blades of the after-propeller 

are cupped and have their maximum curvature in the 
rear half of the chord their rear half. The radius of 
curvature 15 for the arch line 14 at the forward edge 
(the forward 10% of the chord blade) is at least three 
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times as long as that the radius of curvature 16 at the 
rear edge (the rear 10% of the chord blade). The 
thickness is increased about 14% in relation to the for 
ward propeller so as not to reduce the strength of the 
blade due to the reduced blade width. 

Tests and analyses have demonstrated that the for 
ward propeller 9 should have three blades (possibly 
four blades) and be non-cavitating (i.e. have conven 
tional shape) and that the after-propeller 8 in order to 
cavitate optimally should have a blade width 11 of 
between 60% and 75% of the width 10 of the forward 
propeller and preferably have the same number of 
blades as the forward propeller. The As shown in 
FIG. 4, the optimum diameter 12 of the after propeller 
will then be 4-6% less than diameter 13 of the forward 
propeller due to the blade shape, and an additional 
5-10% less due to the increased flow-through speed 
caused by the forward propeller. This agrees exactly 
with the diameter desired in order to lie just within the 
flow tube from the forward propeller. One blade less 
would tend to result in a propeller with too large a 
diameter. When using an after-propeller with one blade 
more, i.e. a four-bladed propeller, the diameter of the 
after-propeller should be between 75% and 95% of the 
diameter of the forward propeller and its pitch ratio 
(pitch/diameter) should be between 1.1 and 1.3 times 
that of the forward propeller. 

claim: 
1. Propeller combination for a boat propeller unit 

comprising a forward propeller and an after-propeller 
that rotate in opposite directions about a common rota 
tional axis, characterized in that the forward propeller is 
so shaped as to function without cavitating while the 
after-propeller is so shaped as to function with optimum 
cavitation and has cupped blades and a total blade area 
of between and of the total blade area of the forward 
propeller, the blades of the after-propeller having as 
mean camber line whose maximum curvature is in its 
rear half, the blade width of the after-propeller being 
between 60% and 75% of the blade width of the for 
ward propeller and the propellers having the same num 
ber of blades. 

2. Propeller combination as claimed in claim 1, in 
which the radius of curvature of the mean camber line 
at the front portion of the blades of the after-propeller is 
at least three times longer than at the rear portion of the 
blades of the after-propeller. 

3. A propeller combination for a steerable boat propeller 
unit comprising a forward propeller and an after propeller 
intended to rotate in opposite directions about a common 
rotational axis, the forward propeller having a predeter 
mined number of blades and a total blade area, and being 
shaped so as to fianction without cavitating and the after 
propeller having a predetermined number of blades, and 
being shaped so as to function with at least partial cavita 
tion, the after propeller having a total blade area of be 
tween and of the total blade area of the forward propel 
er. 

4. A propeller combination according to claim 3, wherein 
the blades of the after propeller have a predetermined 
chord and wherein the maximum curvature of the blades is 
in the rear half of the cord. 

5. A propeller combination according to claim 3, in 
which the after propeller has a mean camber line and the 
radius of curvature for the mean camber line at the front 
portion of the blades of the after propeller is at least three 
times longer than that at the rear portion of the blades of 
the after propeller, 
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4. 
6. A propeller combination according to claim 3, in 

which the blade width of the after propeller is between 60% 
and 75% of the blade width of the forward propeller. 

7. A propeller combination according to claim 3, in 
which the propellers have the same number of blades. 

8. A propeller combination according to claim 3, in 
which the after propeller has one more blade than the 
forward propeller. 

9. A propeller combination according to claim 8 in 
which the diameter of the after propeller is between 75% 
and 95% of the diameter of the forward propeller. 

10. The propeller combination of claim 3, wherein the 
blades of the after propeller are cupped. 

11. A steerable propeller drive unit comprising an out 
put shaft a first conical gear secured to the output shaft, a 
second conical gear in constant engagement with the first 
conical gear such that the first conical gear drives the 
second conical gear in a first direction, a propeller shaft 
secured to and driven by the second conical gear, a third 
conical gear in constant engagement with the first conical 
gear such that the conical gear drives the third conical gear 
in a second direction which is opposite the first direction, a 
hollow propeller shaft secured to and driven by the third 
conical gear, the hollow propeller shaft being journaled 
concentrically to the propeller shaft a forward propeller 
secured to one of the propeller shaft and the hollow propel 
ler shaft an after propeller secured to the other of the 
propeller shaft and the hollow propeller shaft such that the 
forward and after propellers rotate in opposite directions, 
the forward propeller having a predetermined number of 
blades, each blade having a predetermined width and a 
predetermined maximum thickness, the predetermined 
maximum thickness being no more than 0.08 times the 
predetermined blade width and the blade being shaped so 
that the forward propeller functions without cavitating the 
after propeller having a predetermined number of blades, 
each blade having a predetermined width, the predeter 
mined width of the after propeller being less than or egual 
to 0.70 times the predetermined width of the forward pro 
peller and the after propeller being shaped for at least 
partial cavitation. 

12. The steerable propeller drive unit of claim 11, 
wherein the blades of the after propeller are cupped. 

13. A steerable propeller drive unit comprising: 
an output shaft, 
a first conical gear secured to the output shaft, 
a second conical gear in constant engagement with the 

first conical gear such that the first conical gear drives 
the second conical gear in a first direction, 

a propeller shaft secured to and driven by the second 
conical gear 

a third conical gear in constant engagement with the first 
conical gear such that the first conical gear drives the 
third conical gear in a second direction which is oppo 
site the first direction 

a hollow propeller shaft secured to and driven by the 
third conical gear, the hollow propeller shaft being 
journaled concentrically to the propeller shaft 

a forward propeller secured to one of the propeller shaft 
and the hollow propeller shaft, the forward propeller 
having a predetermined number of blades, each blade 
having a predetermined width and a predetermined 
maximum thickness, the forward propeller being 
shaped so as to function without cavitating and 

an after propeller secured to the other of the propeller 
shaft and the hollow propeller shaft such that the 
forward and after propellers rotate in opposite direc 
tions, the after propeller having a predetermined num 
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ber of blades, each blade having a predetermined tions about a common rotational axis, a forward propeller 
width, each of the blades having a mean camber line secured to the first shaft for rotation therewith and an after 
whose maximum curvature is in its rear half such that propeller secured to the second propeller shaft for rotation 
the radius of curvature of the nean camber line at the therewith, the forward propeller having a predetermined 
front portion of the blade is at least three times longer 5 number of blades and a total blade area, and being shaped 
than at the rear portion of the blades and the blades so as to function without cavitating and the after propeller 
being shaped so as to function with at least partial having a number of blades, and being shaped so as to 
cavitation. function with at least partial cavitation, the after propeller 

14. The propeller drive unit of claim 13 in which the having a total blade area of between and of the total 
forward propeller has a total blade area and the after 10 blade area of the forward propeller. 
propeller has a total blade area and wherein the total after 21. A propeller combination according to claim 20, 
propeller blade area is between and of the total blade wherein the blades of the after propeller have a predeter 
area of the forward propeller. mined width and wherein the maximum curvature of the 

15. The propeller drive unit of claim 13 in which the blades is in the rear half of the width, 
forward propeller and the after propeller have the same 15 22. A propeller combination according to claim 20, in 
number of blades and the predetermined width of the which the after propeller has a mean camber line and the 
blades of the after propeller is between 60% and 75% of radius of curvature for the mean camber line at the front 
the predetermined width of the blades of the forward pro- portion of the blades of the after propeller is at least three 
peller. times longer than that at the rear portion of the blades of 

16. The propeller drive unit of claim 13 in which the 20 the after propeller. 
after propeller has one more blade than the forward propel- 23. A propeller combination according to claim 20, in 
ler and the diameter of the after propeller is between 75% which the blade width of the after propeller is between 60% 
and 95% of the diameter of the forward propeller. and 75% of the blade width of the forward propeller. 

17. The propeller drive unit of claim 13 wherein the 24. A propeller combination according to claim 20, in 
predetermined maximum thickness of each of the blades of 25 which the propellers have the same number of blades, 
the forward propeller is less than or equal to 0.08 times the 25. A propeller combination according to claim 20, in 
blade width of the blades of the forward propeller, which the after propeller has one more blade than the 

18. The propeller drive unit of claim 13 in which the forward propeller. 
width of the after propeller is no more than 0.70 times the 26. A propeller combination according to claim 25, in 
width of the forward propeller. 30 which the diameter of the after propeller is between 75% 

19. The propeller drive unit of claim 13 wherein the and 95% of the diameter of the forward propeller. 
blades of the after propeller are cupped 27. The propeller combination of claim 20 wherein the 

20. A steerable propeller drive unit comprising first and blades of the after propeller are cupped 
second propeller shafts intended to rotate in opposite direc- ge 
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