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VALVE DRIVING MEANS FOR V-TYPE 
ENGINE OF VEHICLE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation of application Ser. No. 
07/406,081, ?led Sep. 12, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 

This invention relates to a valve driving means for V-type 
engines for vehicles and more particularly to an improved 
camshaft drive arrangement for such engines. 

In high performance engines, it is Well recognized that it 
is desirable to provide tWo overhead driven camshafts for 
operating the intake and exhaust valves of the engine. 
Generally, the intake valves all lie on one side of the cylinder 
head and are operated by an intake camshaft and the exhaust 
valves all lie on the other side and are driven by an exhaust 
camshaft. Such an arrangement is highly favored in connec 
tion With high performance engines. The use of tWo such 
positioned camshafts, hoWever, gives rise to certain prob 
lems in connection With the driving of the camshafts. The 
mechanism for driving the camshafts in timed relationship 
With the crankshaft can add signi?cantly to the overall 
length of the engine and present certain problems in con 
nection With servicing. These problems are somewhat mag 
ni?ed When the camshafts are driven by rubber belts rather 
than chains. When belt driven, the driving belt is normally 
positioned externally of the engine and this can signi?cantly 
add to the length of the engine. With the present emphasis 
toWard compact engine compartments for vehicles, this can 
give rise to certain problems. In addition, the transverse 
positioning of engines in some vehicles can further compli 
cate this problem, particularly When the engine is juxtaposed 
to the suspension system of the associated driven Wheels. 

There are a number of other accessories associated With 
the engine that are also driven by belts such as the alternator 
or generator, poWer steering pumps, air conditioning 
compressors, and other such components. The positioning of 
these belts in addition to the timing belts can give rise to 
further spacial problems and also can unduly complicate the 
servicing of individual belts of the engine. 

The problems aforenoted are further emphasized When the 
engine has banks of cylinders that are not aligned With each 
other such as With V-type or opposed engines. This is 
particularly true When the cylinder banks each support pairs 
of overhead mounted camshafts. The additional complexi 
ties of the driving of all of these camshafts and the other 
accessories that are driven by belts from the engine crank 
shaft can be readily imagined. Also, it is desirable to 
minimize the overhang length of the driven sprockets of the 
various camshafts so as to simplify the bearing loading of 
them and to reduce the amount of cantilevered condition of 
the camshaft. 

It is, therefore, a principal object of this invention to 
provide an improved camshaft drive arrangement for an 
internal combustion engine. 

It is another object of this invention to provide an 
improved camshaft drive arrangement for internal combus 
tion engines that simpli?es the overall construction. 

It is another object of this invention to provide a compact 
camshaft drive arrangement for an internal combustion 
engine so as to facilitate application in a motor vehicle. 

It is a yet further object of this invention to provide an 
improved belt driven camshaft arrangement for V-type 
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2 
engines Wherein servicing and interference betWeen the 
various belts is substantially minimized. 

SUMMARY OF THE INVENTION 

A ?rst feature of this invention is adapted to be embodied 
in a camshaft drive for an internal combustion engine 
comprising ?rst and second camshafts supported for rotation 
about parallel and offset axes. The engine has an output shaft 
and ?rst timing drive means drive the ?rst camshaft directly 
from the output shaft. Second timing drive means are 
provided for driving the second camshaft from the ?rst 
camshaft. 

Another feature of the invention is adapted to be embod 
ied in an internal combustion engine having a crankcase, a 
crankshaft journaled in the crankcase and a pair of angularly 
disposed cylinders extending from the crankcase and form 
ing combustion chambers at the ends spaced from the 
crankcase. A?rst camshaft is supported for rotation about an 
axis parallel to the crankshaft axis and is associated With the 
combustion chamber of one of the cylinders for operating 
valves associated With that cylinder. A second camshaft is 
supported for rotation about an axis parallel to and offset 
from the crankshaft axis and the ?rst camshaft axis and is 
associated With the combustion chamber of the other of the 
cylinders for operating valves associated With that other 
cylinder. First timing means drive the ?rst camshaft in timed 
relationship With the crankshaft at one end of the ?rst 
camshaft. Second timing means are provided for driving the 
second camshaft in timed relationship With the crankshaft at 
the opposite end of the second camshaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a top plan vieW of an internal combustion engine 
constructed in accordance With an embodiment of the inven 
tion and installed in a motor vehicle, portions of Which have 
been removed so as to more clearly shoW the construction. 

FIG. 2 is a side elevational vieW shoWing a portion of the 
engine as installed in the vehicle With components removed 
to more clearly shoW the construction and other portions 
broken aWay. 

FIG. 3 is a side elevational vieW of the engine as installed 
in the vehicle. 

FIG. 4 is an end elevational vieW, partially schematic in 
form, shoWing the driving belt arrangement for the cam 
shafts and other accessories of the engine. 

FIG. 5 is a cross-sectional vieW taken along the line 5—5 
of FIG. 4. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the drawings, a motor vehicle poWered by an internal 
combustion engine constructed in accordance With an 
embodiment of the invention is shoWn partially and is 
identi?ed generally by the reference numeral 11. The engine 
constructed in accordance With the invention is identi?ed 
generally by the reference numeral 12 and is positioned so 
as to extend transversely to the longitudinal axis of the motor 
vehicle 11. The engine compartment of the vehicle 11 is 
de?ned in part by means of a pair of Wheel Wells 13 that 
accommodate front Wheels 14 of the vehicle 11. The front 
Wheels 14 are suspended by means of a pillar type suspen 
sion and the Wheel Well accommodations for this suspension 
are identi?ed by the reference numeral 15. The engine 12 is 
mounted betWeen the Wheel Wells 13 by means including a 
subframe assembly 16 and is disposed, as Will become 
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apparent, With the rotational axis of its output or crankshaft 
extending transversely of the vehicle 11. 

The engine 12 is of the V-type and, to this end, its cylinder 
block 17 is formed With ?rst 18 and second 19 cylinder 
banks that are disposed at an angle to each other. Although 
the engine 12 is depicted as being of the V-type, it is to be 
understood that the invention may be used in conjunction 
With engines having other cylinder formations such as 
opposed or, for that matter, inline type. HoWever, the inven 
tion has certain particular advantages in conjunction With 
non-aligned cylinder con?gurations. 

Each cylinder bank 18 and 19 is provided With a respec 
tive series of cylinder bores 21 in Which pistons 22 are 
supported for reciprocation. The pistons 22 are connected by 
means of connecting rods (not shoWn) to a crankshaft having 
a rotational axis 23 and Which is journaled for rotation 
Within a crankcase 24 that is af?xed to the underside of the 
cylinder block 17. As has been noted, the rotational axis 23 
of the crankshaft extends transversely to the motor vehicle 
11 and is disposed generally betWeen the front Wheels 14. 

Acornbined clutch, transmission and ?nal drive assembly 
25 is positioned at one end of the engine 12 and is driven by 
the crankshaft in a known manner. The transmission ?nal 
drive assembly 25 drives a pair of hubs 26 that are af?xed 
to stub shafts (not shoWn) in a known manner so as to drive 
the front Wheels 14. 

Each of a pair of cylinder heads 27 is af?xed to the 
respective cylinder bank 18 or 19 in a known manner. Each 
cylinder head 27 has a plurality of cavities 28 that cooperates 
With the cylinder bores 21 and pistons 22 so as to form the 
combustion chambers. A pair of intake valves 29 are posi 
tioned at each side of each cavity 18 and cooperate With 
intake ports 31 that are formed in the cylinder head. In a like 
manner, a pair of exhaust valves 32 are supported in each 
cavity 28 at the opposite side of the cylinder head 27 for 
controlling the How through exhaust ports 33. An intake 
system including a pair of air boxes 34 is provided for the 
engine. Each air box 34 supplies air to one of the intake 
passages of the adjacent cylinder head and one of the intake 
passages of the cylinder head of the opposite bank in the 
manner as described in the copending application entitled 
“Intake Means Of Internal Combustion Engine”, Ser. No. 
634,795, ?led Jul. 26, 1984, and assigned to the assignee of 
this invention. Since the induction systern per se forms no 
part of the invention, it Will not be described in further detail 
and reference may be had to the aforenoted copending 
application for the speci?c details of the induction system. 
It is to be understood that the invention may be practiced 
With other types of induction systems than that shoWn in the 
aforenoted copending application. 

Exhaust rnanifolds 35 collect the exhaust gases from the 
exhaust ports 33 and discharge into appropriate exhaust 
systems Which may include catalytic converters 36 and 37 
for eventual discharge of the combustion products to the 
atmosphere. 

The intake valves 29 of each cylinder head 27 are oper 
ated by means of a respective, overhead rnounted carnshaft 
38. The carnshafts 38 are disposed on the sides of the 
cylinder heads 27 adjacent to the V of the engine 12. Said 
another Way, the intake carnshafts 38 of the respective 
cylinder heads 27 are adjacent to each other. The intake 
carnshafts 38 operate the intake valves 29 in a known 
manner, for example, through thirnble tappets. 

In a similar manner, exhaust carnshafts 39 are supported 
on the respective cylinder head assemblies 27 at their remote 
edges above the exhaust valves 32 for operation of these 
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4 
exhaust valves. The axes of rotation of the intake carnshafts 
38, exhaust carnshafts 39 and the crankshaft rotational axis 
23 are all parallel to but offset from each other and all extend 
transversely to the motor vehicle 11. 
An arrangement is provided for driving each of the tWo 

intake carnshafts 38 and each of the tWo exhaust carnshafts 
39 from the crankshaft in such a manner as to permit an 
extremely compact assembly and While at the same time 
reducing the cantilevered length of the carnshafts 38 and 39 
and also so as to facilitate servicing of the other belt driven 
accessories of the engine 12. 

For this purpose, a driving sprocket 41 is affixed to a 
forWardly extending portion 42 of the crankshaft, Which 
portion extends axially beyond the crankcase 24. A toothed 
timing belt 42 engages the sprocket 41 and driving sprockets 
43 that are ?xed for rotation on the forWard ends of the 
intake carnshafts 39 at the corresponding side or end of the 
engine as clearly shoWn in FIG. 5. A belt tensioning pulley 
44 is carried at the side of the cylinder block 17 and engages 
the timing belt 42 for maintaining the appropriate tension in 
it. The timing belt 42 is covered by a protective cover 45 that 
is ?xed in an appropriate manner to the engine. 

It should be noted that, unlike conventional assernblies, 
the timing belt 42 only drives the input carnshafts 38 
directly. As a result, it is possible to use a single belt for 
driving the carnshafts of both cylinder head assernblies 
Without having an unduly long belt and Without unduly 
complicating the construction. 
At the opposite end of each cylinder head 27, each intake 

carnshaft 38 has a further toothed pulley or sprocket 46 
af?xed to it. A toothed timing belt 47 cooperates With this 
sprocket and a corresponding sprocket 48 af?xed to the 
adjacent end of the exhaust carnshaft 39 so as to drive each 
exhaust carnshaft 39 from the intake carnshaft 38 of the 
respective cylinder head. Tensioner pulleys 49 engage each 
of the belts 47 for maintaining their tension. The tensioner 
pulleys 49 are supported by the respective cylinder head 
assemblies 27 in an appropriate manner. Belt covers 51 
cover each of the exhaust carnshaft driving belts 47. 

It should be noted that the pulleys 46 and 48 should be of 
the same diameter but their diarneter need not be equal to the 
diameter of the camshaft driving pulleys 43 due to the 
unique manner in Which the carnshafts 38 and 39 are driven. 
This offers further advantages in connection With the spacial 
arrangement of the various components. 

Referring to FIG. 4, it is illustrated hoW the timing belt 
arrangernent utiliZed in the engine facilitates the use of other 
belt driven accessories for the engine 12 Without seriously or 
adversely affecting the serviceability of the individual belts. 
For example, an alternator 52 may be mounted at one side 
of the engine and driven from a crankshaft pulley 53 by 
means of a further belt 54. In a like manner, other accesso 
ries such as a poWer steering pump 55 and/or an air 
conditioning compressor 56 may be driven by a further belt 
57 and positioned on the opposite side of the engine. 
A cooling radiator 58 is positioned forWardly of the 

engine 12 in the vehicle 11 and an electrically driven fan 
assembly 59 may be employed for passing cooling air 
through the radiator 58. 

It should be readily apparent from the foregoing descrip 
tion that the camshaft driving arrangernent Wherein only the 
intake carnshafts are driven directly by the crankshaft and 
the exhaust carnshafts are driven from the intake carnshafts 
at the opposite end of the engine provides a very compact 
assembly that Well lends itself to utiliZation in transverse 
engine installations. Of course, the advantages of this 
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arrangement may be readily perceived to be applicable to 
other type of motor vehicle applications. In addition, the 
arrangement permits the use of relatively short belts While at 
the same time minimizing interference betWeen belts and 
improving serviceability. 

Although an embodiment of the invention has been illus 
trated and described, it is believed apparent to those skilled 
in the art that various changes and modi?cations may be 
made Without departing from the spirit and scope of the 
invention, as de?ned by the appended claims. 
What is claimed is: 
1. A camshaft drive for an internal combustion engine 

comprising at least one cylinder, ?rst and second camshafts 
supported for rotation about parallel and offset aXes, an 
output shaft, ?rst timing drive means for driving said ?rst 
camshaft directly from said output shaft on one side of said 
one cylinder, and second timing drive means for driving said 
second camshaft from said ?rst camshaft on the other side of 
said one cylinder. 

2. Acamshaft drive as set forth in claim 1 Wherein the ?rst 
timing drive means is located at one end of the engine and 
the second timing drive means is located at the opposite end 
of the engine. 

3. A camshaft drive as set forth in claim 2 Wherein the 
timing drive means comprise timing belts. 

4. A camshaft drive as set forth in claim 3 Wherein the 
camshafts each operate valves associated With the one 
cylinder. 

5. A camshaft drive as set forth in claim 1 Wherein the 
timing drive means comprise timing belts. 

6. A camshaft drive as set forth in claim 5 Wherein the 
camshafts each operate valves associated With the one 
cylinder. 

7. A camshaft drive as set forth in claim 1 Wherein the 
timing drive means comprise timing belts. 

8. A camshaft drive as set forth in claim 1 Wherein the 
engine has banks of cylinders each having at least one 
cylinder. 

9. A camshaft drive as set forth in claim 8 Wherein there 
are ?rst and second camshafts associated With each cylinder 
bank and driven in the manner described. 

10. A camshaft drive as set forth in claim 9 Wherein the 
?rst timing drive means is located at one end of the engine 
and the second timing drive means is located at the opposite 
end of the engine. 

11. A camshaft drive as set forth in claim 10 Wherein the 
timing drive means comprise timing belts. 

12. An internal combustion engine having a crankcase, a 
crankshaft journaled in said crankcase, a pair of angularly 
disposed cylinders extending from said crankcase and form 
ing combustion chambers at the ends spaced from said 
crankcase, a ?rst camshaft supported for rotation about an 
aXis parallel to said crankshaft aXis and associated With the 
combustion chamber of one of said cylinders, a second 
camshaft supported for rotation about an aXis parallel to said 
crankshaft aXis and said ?rst camshaft aXis and associated 
With the combustion chamber of the other of said cylinders, 
?rst timing means for driving said ?rst camshaft in timed 
relationship With said crankshaft at one end of said ?rst 
camshaft, and second timing means for driving said second 
camshaft in timed relationship With said crankshaft at the 
other end of said second camshaft. 

13. An internal combustion engine as set forth in claim 12 
in combination With a motor vehicle Wherein the aXes of 
rotation of the crankshaft and camshafts are disposed trans 
versely relative to the vehicle. 

14. An internal combustion engine as set forth in claim 12 
further including a third camshaft supported for rotation 
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6 
about an aXis parallel to and offset from the ?rst camshaft 
aXis and associated With the combustion chamber of the one 
cylinder, a fourth camshaft supported for rotation about an 
aXis parallel to and offset from the aXis of rotation of the 
second camshaft and associated With the combustion cham 
ber of the other cylinder, the ?rst timing means being 
effective to drive the ?rst and the fourth camshafts at the one 
end thereof, the second timing means being effective to drive 
the second camshaft from the fourth camshaft at the other 
end thereof, and further including third timing means for 
driving the third camshaft from the ?rst camshaft at the other 
end thereof. 

15. An internal combustion engine as set forth in claim 14 
Wherein each of the timing means comprises a toothed belt. 

16. A camshaft drive for an internal combustion engine 
comprising angularly related cylinder banks each of Which 
has a respective cylinder head, ?rst and second camshafts 
supported for rotation about parallel and offset aXes by each 
of said cylinder heads, an engine driven shaft, said ?rst 
camshaft of each cylinder head being located at a closer 
distance from said engine driven shaft that said second 
camshaft of each cylinder head, ?rst timing drive means for 
driving both of said ?rst camshafts directly from said driven 
shaft, and a pair of second timing drive means, each of said 
pair driving the second camshaft from the ?rst camshaft of 
the respective cylinder head. 

17. A camshaft drive as set forth in claim 16 Wherein at 
least one of the timing drive means comprise a timing belt. 

18. A camshaft drive as set forth in claim 17 Wherein the 
camshafts each operate valves associated With the same 
cylinder. 

19. A camshaft drive as set forth in claim 16 Wherein the 
?rst timing drive means is located at one end of the engine 
and the second timing drive means is located at a point 
spaced from the one end of the engine toWard the opposite 
end of the engine. 

20. A camshaft drive as set forth in claim 19 Wherein the 
timing drive means comprise timing belts. 

21. A camshaft drive for an internal combustion engine 
comprising ?rst and second camshafts supported for rotation 
about parallel and offset aXes, an engine driven shaft, said 
?rst camshaft being located at a closer distance from said 
engine driven shaft than said second camshaft, ?rst timing 
means for driving said ?rst camshaft directly from said 
driven shaft, said ?rst timing drive means being located at 
one end of the engine and second timing drive means for 
driving said second camshaft from said ?rst camshaft, 
second timing drive means being located at the opposite end 
of the engine from said ?rst timing drive means. 

22. A camshaft drive as set forth in claim 21 Wherein the 
timing drive means comprise timing belts. 

23. A camshaft drive as set forth in claim 22 Wherein the 
camshafts each operate valves associated With the same 
cylinder. 

24. An internal combustion engine having a cylinder 
block de?ning a pair of angularly related cylinder banks 
each driving a common crankshaft rotatably journalled 
within a crankcase chamber formed at the base of said 
cylinder block, a pair of cylinder heads each enclosing a 
respective one of said cylinder banks and ajfixed to said 
cylinder block, a ?rst pair of camshafts each rotatably 
journalled for rotation about axes parallel to each other and 
said crankshaft and ojfset from each other and said crank 
shaft by a respective one of said cylinder heads at one side 
thereof and for operating respective valves of a ?rst series 
of valves in each of said cylinder heads, a second pair of 
camshafts each rotatably journalled about axes parallel to 
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each other and said crankshaft and ojfset from each other; 
said crankshaft and the rotational axes of said ?rst pair of 
camshafts by a respective one of said cylinder heads at 
another side thereof for operating a second series of valves 
therein, a single, ?rst ?exible transmitter directly driving 
each of said ?rst pair of camshafts directly from and in timed 
relation to said crankshaft at one end of said engine, and a 
pair of second ?exible transmitters at least one of which is 
disposed at a point spaced from said one end of said engine 
and separated from said ?rst flexible transmitter by at least 
one cylinder of one bank of cylinders, each of said second 
flexible transmitters driving one of the second pair of 
camshafts from and in timed relation to one of the ?rst pair 
of camshafts of the respective cylinder head. 

25. An internal combustion engine as set forth in claim 24 
wherein the ?rst flexible transmitter comprises a timing belt. 

26. An internal combustion engine as set forth in claim 24 
wherein the pair of second flexible transmitters comprises a 
pair of timing belts. 

27. An internal combustion engine as set forth in claim 26 
wherein the ?rst flexible transmitter also comprises a timing 
belt. 

28. An internal combustion engine as set forth in claim 24 
wherein each cylinder bank has a plurality of cylinders 
formed therein. 

29. An internal combustion engine as set forth in claim 28 
wherein the at least one of the second flexible transmitters 
is disposed at the other end of the engine. 

30. An internal combustion engine as set forth in claim 29 
wherein the ?rst flexible transmitter comprises a timing belt. 

31. An internal combustion engine as set forth in claim 29 
wherein the pair of second flexible transmitters comprises a 
pair of timing belts. 

32. An internal combustion engine as set forth in claim 31 
wherein the ?rst flexible transmitter also comprises a timing 
belt. 

33. An internal combustion engine as set forth in claim 24 
further including means for tensioning at least one of the 
flexible transmitters. 

34. An internal combustion engine as set forth in claim 24 
further including tensioning means for tensioning each of 
the pair of second flexible transmitters. 
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35. An internal combustion engine as set forth in claim 34 

further including tensioning means for tensioning the ?rst 
flexible transmitter. 

36. An internal combustion engine as set forth in claim 24 
wherein each of the second flexible transmitters is disposed 
at a point spaced from the one end of the engine and 
separated from the ?rst flexible transmitter by at least one 
cylinder of each bank of cylinders. 

37. An internal combustion engine as set forth in claim 36 
wherein the ?rst flexible transmitter comprises a timing belt. 

38. An internal combustion engine as set forth in claim 36 
wherein the pair of second flexible transmitters comprises a 
pair of timing belts. 

39. An internal combustion engine as set forth in claim 38 
wherein the ?rst flexible transmitter also comprises a timing 
belt. 

40. An internal combustion engine as set forth in claim 36 
wherein each cylinder bank has a plurality of cylinders 
formed therein. 

41. An internal combustion engine as set forth in claim 40 
wherein the second flexible transmitters are disposed at the 
other end of the engine. 

42. An internal combustion engine as set forth in claim 41 
wherein the ?rst flexible transmitter comprises a timing belt. 

43. An internal combustion engine as set forth in claim 41 
wherein the pair of second flexible transmitters comprises a 
pair of timing belts. 

44. An internal combustion engine as set forth in claim 43 
wherein the ?rst flexible transmitter also comprises a timing 
belt. 

45. An internal combustion engine as set forth in claim 36 
further including means for tensioning at least one of the 
flexible transmitters. 

46. An internal combustion engine as set forth in claim 36 
further including tensioning means for tensioning each of 
the pair of second flexible transmitters. 

47. An internal combustion engine as set forth in claim 36 
further including tensioning means for tensioning the ?rst 
flexible transmitter. 


