B. V. 'NORDBERG.
INTERNAL COMBUSTION, ENGINE,

APPLICATION FILED FEB. 24, 1914,

Patented Aug, 21, 1917.

4 SHEETS—SHEET 1.

1,237,373.

3

3

2iere.

BN
A | ! ed
N \

s

‘
[
) N

R

2
2]
ey
<
o
3
s
ﬂn\

e~ ) (29 _,—ix\\ g n/m
P e S LN A %, vs
g Voo e e o7 Way oy 9 Sy
w\eit.t:.\b.:ii .SE\S:W »\\«\\ﬂN A“AA e &xm/ — . / q_..W.salL- :
W ) l_\—_«/. Sz'r-tvmﬂ lwvg \.VM:J;» ! m lf\
.. ™ 4 -
N o W T~ S Y T
wll“ulﬂﬂmw.iﬂn % \l\\ﬂ,\.\.m,?:sz .
Ny eizer, (| ageee e 1 iy I A 5
Ny =z Ak =72 (N
RS %% &:ﬂ.l\/N\\\\\A _ﬂm_“\\. >
N Lyl
O N N4
N N B\ //” m m N
7\ —h Y VNS
N N \ Ny .
) /M’ mr////ﬂ”////////////////// 7 /////V/M MM M/— M m/ . <
QUK N oy, S 2 it LY A &
Wi A/ ”‘,/c\\\\x\\ms,,,\/ﬁ&m«m\,& ,,9\\\\\\\mw\wx\\\x\\m\,\«w\«uq sz//x“ T/M/////W”%W/VV/\V/\//V\/\///////////J‘\
N ey \ H % b N ‘ '\.\“ —
N5 | 77 Nt N =3 X e
 — o = ll\m W7 =
(| s s I o ., e =4
MxII \\\\ % ﬁmm/m O 20
e\ Ot =1 =N e 20
.u'lmvvv\ 3 WV&)&«V/;?/\V/VJ\\\“\\\. = UM\ o :«-|H;V//.r///////..:\\\x A e
W e mm\‘ﬂm\\mm&\ﬂ\/\/\/\/ﬂ\/\%ﬂ%z B UL e e 2
./////l-/////l//ﬁl.;/ h N N l

Witnesses

Attorneyd



B. V. NORDBERG.
INTERNAL COMBUSTION ENGINE,

APPLICATION FILED FEB. 24, 1914,

.

Patented Aug, 21, 1917

1,287,373,

4 SHEETS—SHEET 2.

7
2

. . -
o n % N _‘
y —_0 8 ) ____v -Q
2 ) mw-uﬂlthlﬂlluE 7 wt\&m \\u\tx\

74 7 %
Nhucsrcorersscazarrsecartoicssocsed) BN 1\\ \\{\\\\\Q\\

Zeczrilly /?;55

=1 S

"~ Y h\ .
3

6 S
.......4, Gl o R ”_
¢ Ul g
=~ o,»/// 7/’!&#”!&!\/&!!!/!// hﬁ./&rﬂ/tffl//%ﬂ/ m

f. Uz SN
%
i
7
v
|7
?
4

///’///.// =

% /i/‘//V/UJ\\ 7228

i > Ncrrpas 3
_.___ ./ﬁ / & \\\m\r\ﬁ»\\ﬁ\.\\\\\ [ .\\\\\\\\ \\\\VVVVVV\/\\ i
R , =t R EEESS
,o / o,. Py P m— .

NSeeniNT S

/-/‘
| B
Wi
ML

555‘

SN =
m \ AL S AL LA =
/’/’///’.’//’

grwmﬂ oz

Mg s..»ﬂuﬂr-ﬂ’rﬂ»

ey

‘, '.'.l

%%‘

ﬂ“‘o:ucq&,



1,237,

-

W«f Mepnes

373.

B. V. NORDBERG.

INTERNAL COMBUSTION ENGINE,
APPLICATION FILED FEB. 24, 1914.

Patented Aug. 21, 1917.

4 SHEETS—SHEET 3.

RS RS
7
' 24 :
(/\/ ® [ <7
3 R0 ‘ A9
. N
Zig3. ANzl il 2¢ Nizo
L i A N
i 5. z
PR ] _...1.9._ ; RZ
| - >
|
I 29 1 ! i
f 36 _ :
n”. s 7
£3 i . 1] ! . 43
I
L4 o 3 ° l T7°
: i 9 L (o] ' ; of
' B g 1-/6
. = o /g, =il 32‘:\ S
° of o o
g 38— 33
e - o -] = ! [ 2
P e o é’l o NRISSS ¥ .[ o/z:
56 o o o l' | of 5
g | !
1 | 37 | 37
e | N et 1
( s | T/
| - L i
Wi =]
5B | || /2
_ | il 7 4
= —1; | L& | eI
= = i
N ‘i a
N7 . l
i o 74
g 2 Y
S — = gn.-vm vtor

=
HE PynFgen

ﬂ_ttoznc\ts

L @:@%



B. V. NORDBERG.

INTERNAL COMBUSTION ENGINE,
‘APPLICAUON FILED FEB. 24, 1914.

1,237,373, : Patented Aug. 21, 1917.

4 SHEETS—SHEET 4.

’,

/4 1

Aol

7
- Vet

N
N
\

N e | i\ N
:/,1//1/11”111151”"”’ e / /A I

SE

7 , 74
v
\&Wé,!{/{({ll//////;g ’
/ J2

V CPITLLETIEIITIIIEFEIT NN
N
a4
oz
——

N

‘// ﬂ&\.&‘\\\\

SRR

N

V7

2

s

%%

/5
g T #
62, | !
Witnesoes 63 &> Il '
% 6/ |
N ==

/ I /6" ' ' ) Ailerneyg



UNITED STATES PATENT OFFICE.

BRUNO V. NORDBERG, OF MILWAUKEE, WISCONSIN.

INTERNAL-COMBUSTION ENGINE.

1,237,373.

Specification of Letters Patent.
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To all whom it may concern.

Be it known that I, Bruxo V. NorbeErs,

a citizen of the United States, residing at -

Milwaukee, in the county of Milwaukee and
5 State of Wisconsin, have invented certain
 new and useful Improvements in Internal-

Combustion Engines, of which the follow-
- ing is a specification.

This invention relates to internal com-
bustion engines and particularly to slow
combustion engines of the two cycle type.
The object of the invention is the produc-
tion of a simple air pump mechanism for
. providing air under pressure to scavenge
15 the cylinder at the end of the working
stroke. While attaining its.greatest utility
in the field specified the device is applicable
to any single acting engine in which scav-
enging by compressed air is desirable.

Broadly stated the device comprises in
addition to the usual parts of a single act-
ing engine, a combined crosshead and sup-
plemental piston, connected by a rod to the
main  piston; a combined cylinder and
25 crosshead guide, a head’ closing the head

end of the combined crosshead guide and
cylinder and. the crank end of the main
cylinder; a distributing valve mechanism to
cause these two cylinder spaces to serve as

80 a double acting air compresser, and suit-
able means for admitting air compressed
thereby to the head end space of the main
cylinder at proper times for scavenging
the same. . :

35  Practical embodiments of the invention
are illustrated in the accompanying draw-
‘ing, in. which :— ‘ ‘

“Figure 1 is.a vertical axial section
through one of the cylinders, the plane of

40 section being transverse to the shaft and the
piston being shown 'in its compression
stroke. :

. TFig. 2 isa view similar to Fig. 1 showin

- the piston at the crank end dead point an

10

20

45 indicating the flow of air in the scavenging

action. _
Fig. 8 is a vertical axial section on a
plane passing through the-axis of the shaft

the front half of the combined crosshead -

50 guide and cylinder being removed;
" Tig. 4 is a section on the line 4—4 of
Fig. 1;
‘Fig. 5 is a section on the line 5—5 of
Fig. 15 :
55 ° Fig.'6 is a fragmentary view showing the
mode of assembling the intermediaté cylin-

der head and crosshead guide, the front .

half of the guide being released and par-
tially withdrawn;

Fig. 7 is a fragmentary view looking
down on the cylinder head in Fig 6;

Fig. 8 is a section on the line 8—8 of
Fig: 6; ‘

Fig. 9 is an axial section of the combined
crosshead and piston showing it separated
to release the wrist pin; and ‘

. Figs. 10 and 11 are fragmentary views of
a ‘modified construction of the cylinder,

i:lros;head guide and intermediate cylinder
ead.

Al two cylinder engine is illustrated but
it 'is to be understood that the invention
is applicable to engines of any number of
cylinders. o u

The engine is supported on a base casting
11 having crank shaft bearings 12 for the
crank shaft 13. The main frame 14 is

carried directly on the base casting 11 and

is braced by stanchions 15. The main frame
14 carries the crosshead guides which are in
the form of divided cylinders. These are
made up of portions 16 formed directly on
the frame .14 and removable portions 17
held thereto by bolts 18, the two parts fit-
ting closely to make an air tight joint so
that the guide may serve as an air com-
pressor cylinder.

- The working cylinders 19 are mounted on
the top of frame 14 and are surrounded by
water jackets 20. Each cylinder has a
scavenging air port 21 and exhaust ports 22
leading to the exhaust connection 23 for the
usual exhaust manifold (not shown). Each
cylinder is provided with a jacketed head
24 having a fuel feed device 25 which is not
illustrated in detail and which may be of
any form adapted to this use. As the con-
struction of this device is not a part of the
present invention and as many such are
known in the art, I have thought it suffi-
cient to illustrate it diagrammatically. An

air starting valve is indicated generally at

26, but this is not illustrated in detail for
similar reasons. .

The crosshead guide and the cylinder 19
are coaxial and the main piston 27 is con-

* nected to the combined crosshead and piston

28 by a hollow rod 29. The main piston 27
has the usual packing rings 30 and is cored
out for the passage of cooling water which
is supplied in the usual manner through the
rod 29. The water connections to the rod 29

60

65

70

75

80

8%

90

95°

100

105

110



10

15

20

30

35

40

45

50

=

are omitted as not material to this inven-
tion, but they may be made by means of
passages through the crosshead 28 and tele-
scopic pipe connections thereto.

The crossheads 28 are each made in two
parts, the plane of separation being on the
axis of the wrist pin 81. The rods 29 each
end in flange 32 and bolts 33 passing
through the flange 32 and both portions of

the corresponding crosshead provide for -

ready assembly. The connecting rods-34 are

-of the usual form as are the piston packing

rings 35. :

The frame 14 extends upward beyond the
crosshead guide and overhangs the same,
leaving a space for the insertion and re-
moval of a divided head which closes the
crank end of the main cylinder and the ad-
jacent or head end of the combined . cross-
head guide and cylinder. This may take
various forms but the application of the pre-
ferred form is illustrated-in Figs. 1 to 9.

The head is made in two halves which are
connected together by bolts 36. Each half
comprises a main casting 37 and a follower

plate 38. The bolts 36 hold the castings 37 .

together and the follower plates are held
thereto by screws or studs 89. The castings
37 when bolted together form a cylinder
head having a packing gland 40 for the rod
29 and a groove for a packing ring 41. The
plates 38 are formed with projections to
enter gland 40 and exert the necessary pres-
sure on the packing. The plates 38 also re-
tain ring 41 while permitting ready removal.
The cylinder head is threaded at 42 to re-

ceive a ring or nut 43 also made in two

parts bolted together. A groove is provided
to receive a packing ring 44 of copper or
other soft metal. A bayonet slot 45 is

formed in the head to coact with a pin 46 at -

the lower end of the main cylinder.

In assembling the engine the piston 27
with its rod 29 are put in place. The por-
tion 17 of the crosshead guide having been
removed, the connecting rod 34, crosshead

28, wrist pin 31 and rod 29 are assembled

and connected by the bolts 33. The two
head castings 37 are then bolted together
avround rod 29 and the ring 44 is put in
place, after which the head may be held up
by engaging pin 46 in bayonet slot 45. The

_ gland 40 is packed, ring 41 is placed in po-

55

60

65

sition and the plates 38 are fastened on.
The nut ring 43 is bolted around the head
after which the portion 17 of the guides is
bolted in position. Finally the nut ring 43
is turned until a sealed joint is secured at
the ring 44. The ring 41 secures the neces-
sary tight joint at the head end of the lower
or crosshead guide cylinder. ‘

Air ports 47 and 48 lead from the cylinder
spaces to reciprocating ‘distributing valves
49, one for each cylinder unit in the engine,
mounted in valve chests 50 which are holted

1,237,378

to the frame 14. The particular form of the
distributing valve is not material and any

other type of valve may be used if preferred. .

The valves are reciprocated by eccentrics 51
and rods 52. The eccentrics 51 are mounted

‘on a lay shaft 53 driven at the sime angu-

lar speed as the crank shaft 18 by the gears
54, 55, 56. The air enters chests 50 through

70

the inlet ports 57 and is discharged through -

the connections 58 to a combined manifold
and receiver 59 from which it flows to the
scavenging ports 21 of the various cylinders.
The air isadmitted to scavenge the cylinders

. by the overtravel of the ports 21 by piston

27. This occurs at such a point that the
scavenging port is open for about a quarter
of a revolution permitting thorough scav-
enging. This, together with the relatively
large volume of air handled secures thorough
scavenging. ,

In one and two cylinder engines an en-
larged receiver space is required but when
more cylinders are used this may be reduced
in volume. In a four cylinder engine the
scavenging ports are open one after another
in virtual continuity and no receiver space
beyond the ordinary pipe manifold is re-
quired.

Figs. 10 and 11 show a modified construc-
tion of the cylinder head. The combined
cylinder and crosshead guide 16* is not di-

75
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vided and is of smaller bore than the main -

cylinder 19 giving a shoulder 60 against
which is seated a head 372, This is made of
two parts bolted together to facilitate re-
moval from the rod 29 The head 872 is held
seated against shoulder 60 and packing 61
by a plurality of studs 62 arranged at regu-
lar intervals around the cylinder and hav-
ing check nuts 63. The frame 14 is continu-
ous up to cylinder casting 19, when this
modified construction is used and the head
37 is drawn out through the head end of the
main cylinder together with piston 27 and
rod 29 after backing out studs 62 and releas-
ing the connecting rod. In the modified con-
struction parts substantially identical with
those of the preferred construction bear the
same reference numerals.

The engine shown is designed to run on
the familiar two stroke cycle and on the
Diesel or slow combustion principle. The
cycle for each cylinder is as follows: The air
above the piston 27 is compressed sufficiently.
by the upward movement. of the piston to
ignite the fuel when this is sprayed into it
at or near the head end dead point. The ex-
pansion of the products of combustion forces
the piston down until it overtravels ports 22
and they are exhausted. Shortly after the
beginning of the exhaust the piston also
overtravels port 21 admitting a blast of
fresh air to the cylinder, to sweep out the
spent gases and fill the cylinder with fresh
air. This air is furnished by the cylinder
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spaces below piston 27 and above the com-
bined crosshead and piston acting as a
double acting pump. '

Having thus described my invention, what
I claim is:— ‘

1. In an internal combustion engine the
combination of a double acting cylinder and
a single acting cylinder arranged in tandem;
a piston in the double acting cylinder; a
combined piston-crosshead in the single act-
ing cylinder; a rod connecting said piston
and piston-crosshead ; a crank shaft; crank
connections between said shaft and piston-
crosshead ; ‘means adapted to operate the
head-end space of the double acting cylinder
by internal combustion; a valve mechanism
connected: with the remaining two cylinder
spaces to cause them to operate as air com-
pressing pumps; and means adapted to ad-
mit air compressed thereby to the head-end
space of the double acting cylinder only dur-
ing exhaust therefrom to effect scavenging
of said space. :

2. In an internal combustion engine the

5 combination of a double acting cylinder and

a single acting cylinder arranged in tandem;
a removable cylinder head closing the crank
end of the double acting cylinder and the
head-end of the single acting cylinder; a
piston in the double acting cylinder; a com-
bined piston-crosshead in-the single acting
cylinder; a rod connecting said piston and

piston-crosshead ; a crank shaft; crank con--

nections between said shaft and piston-cross-
head ; means adapted to operate the head-
end space of the double acting cylinder by
internal combustion; a distributing valve

with the remaining two cylinder spaces to
operate them 'as air compressing pumps; and
means for admitting air compressed thereby
to the head-end space of the double acting
cvlinder only during exhaust therefrom to
effect scavenging of said space. '
8..In an internal combustion engine the
combination of a double acting cylinder, hav-
ing a scavenging air port and. an exhaust
port for the head-end space; a single acting

cvlinder ‘arranged in tandem therewith; a.

removable cylinder head closing the crank
end of the double acting cylinder and the

“head-end of the single acting ¢ylinder; a pis-
- ton in the double acting cylinder adapted to

60

85

control the scavenging and exhaust ports
thereof by overtraveling the same; a com-

bined piston-crosshead i the single acting .

cylinder; a-rod connecting said piston and

‘piston-crosshead; a crank shaft; crank con-

néctions between said shaft and piston-cross-

head; means adapted to operate the head-

end space of the double acting cylinder by
internal combustion; a distributing valve
driven from the crank shaft and connected
with the remaining two cylinder spaces to
operate them as air compressing pumps; and

-8

connections adapted to conduct air com-
pressed thereby to said scavenging air port.

4. In an internal combustion engine the
combination of a double acting cylinder and

‘a single acting cylinder arranged in tandem;

a. two part cylinder head adapted to be as-
sembled around a piston rod ; means adapted
to clamp said head in position between the

crank end of the double acting cylinder and
75

the head end of the single acting cylinder;
packing adapted to prevent leakage from
either \cylinder past said head; a piston in
the double acting cylinder; a combined pis-
ton-crosshead in the single acting cylinder;
a rod connecting said piston and piston-
crosshead ; a crank shaft; crank connections
between said shaft and piston-crosshead;
means adapted to operate the head-end space

70

8¢

of the double acting cylinder by internal -

combustion; a distributing valve driven
from the crank shaft and connected with the
remaining two cylinder spaces to operate
them as air compressing pumps; and means
for admitting air compressed thereby to the
head-end space of the double acting cylinder
during exhaust therefrom to effect scaveng-
ing of said space.

85

5. In an internal combustion engine, the

combination of a double acting cylinder; a
single acting cylinder formed in two longi-
dinally separable parts, spaced from the
double acting cylinder and in tandem there-

- with; a sectional cylinder head clamped be-

tween the two parts of said single acting
cylinder; a threaded locking device adapted
to urge said head into sealing relation with
the adjacent crank end of the double acting
cylinder; suitable packing for the joints be-
tween said head and cylinders; a piston in
the double acting cylinder; a combined pis-
ton-crosshead in the'single acting cylinder;

‘a rod passing through said sectional cylinder
~head and connecting said piston and pis-

ton crosshead; a crank shaft; crank con-
nections between said shaft and piston-
crosshead ;' means adapted to operate the
head-end space of the double acting cylinder
by internal combustion; a valve mechanism
connected with the remaining two cylinder
spaces to cause them to operate as air com-
pressing pumps; and means adapted to ad-
mit air compressed thereby to the head-end
space of the double acting cylinder during
exhaust therefrom to effect scavenging of

~said space.

6. In an internal combustion engine the
combination of a supporting frame; a multi-
ple-throw crank shaft; an air manifold; and
a plurality of power units mounted on said
frame and each comprising the following
elements, a double acting cylinder and a

single acting cylinder arranged in tandem,

a ‘piston in the double acting cylinder, a

combined piston-crosshead in the single act-

ing cylinder, a rod connecting said piston

95
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and piston-crosshead, erank connections be-
tween said crank shaft and piston-crosshead,
mechanism adapted to operate the head-end
space of the double acting cylinder by inter-
5 nal combustion, a distributing valve driven
from said crank shaft-and connected with
the remaining two cylinder spaces to operate
them as air compressing pumps, discharge
connections from said valve to said air mani-
10 fold and connections between said manifold
and the head-end space of the double acting
cylinder adapted to conduct air to said space
for scavenging purposes only during exhaust
from said space.
15 7. In a twocycle engine, a pair of cylin-
ders, a partition member and a pair of con-

1,237,373

nected pistons in each cylinder dividing the
cylinder into two compression chambers and
a firing chamber, a crank shaft to which said 20
pistons are connected, means for admitting
fresh air to the compression chambers, and
means for conveying the air compressed in
two compression chambers in unison to one
firing chamber. :

In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses.

BRUNO V. NORDBERG.

‘Witnesses:
E. C. Bayeruim,
H. W. Dow.
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