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Abstract: Variable valve timing has become an important feature of automotive engines as part of 
the search for a hctter conipromise between performance. economy and emissions. This paper 
describes the Rover VVC system and has been written in two parts. The tirst part covers the initial 
feasibility study. the selection of the mechanism and the unique features evolved to suit the K16 
engine. The second part covers the detailed mechanical layout, the development work undertaken xnd 
the performance obtained. 
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eccentric~ty of the d r ~ v e  ring relative to the 
common centre of the input shaft arid cam- 
shaft-also equal to the length of O P  in Figs 3 
and 8 
eccentricity ratio of the m e c h a n ~ s n ~  
exhaust valve closing 
exhaust valve opening 
inlet valve closing 
inlet valve opening 
radial distance of the centre of the drive pins 
from the input shaft centre-line (nini) 
top  dead centre 

( I  angle defining the direction of the eccentricity 
of the VVC mechanism housing from datum 

-, control sleeve angle defined in Fig. 3 
(i angle defined in Fig. 8 for use in the niechan- 

ism motion equations 
direction of the mechanism eccentricity 
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' I  angle defined in Fig. 3 For use in the control 
sleeve geometrical equations 

H angle of the cam drive pin from datum 
11 cam rotation at  any instant from the point of 

maximum lift defined in Fig. 8 
@ angle of the input shaft drice pin from datum 

I BACKGROUND 

In response to the growing interest in variable valve 
timing. within the Rover Group and other veli~cle 
manuFacturers. a feasibility study to choose a suitable 
system for the K series four-cylinder engine was started 
during 1989. Appendix I defines what is understood by 
the term variable valve timing (VVT). 

There were two ditferent aspects to be considererl in 
the study. The first was the entct  on engine pcrforrnance 
of possible variations in the valve parariieters. namely 
phase. period and lift. The second was the actual 
potential of particular mechanisms to  chiev eve the chosen 
variation. The study was 'mechanism led' in the sense 
that the objective was to identify a mechanism that 
could provide the estimated required range of adjust- 
rnent but which was also practical to develop for pro- 
duc t~on .  T~he resulting engine performance. econorn! 
and en i~ss~ons  pain5 i ~ o u l d  then be e ~ p l a r e d  .I.;, the 
mechanism w-as developed. 
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T t i E  VARIABLE VALVE T I M I N G  MECt jANISM FOR T t IE  ROVER K l h  EhGINE PART I 
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Fig. 5 Cyclic velocity variation at maximum and mlnlmum period se~tings 

3 and 4 by means of a short toothed belt at the rear of for the V V C  engine irlative to each other and also for 
the engine. This arrangement. shown diagrarnr~iatically the corresponding bast. engine which does not have 
in Fig. 4. was chosen as  a suitable compromise between variable valve timing. 
performance and manufacturing cost. 

The novel arrangement of the mechanical components 
d e ~ s l o p e d  to f i t  the double V V C  units into the $:onfined 
c p x e s  on the ends of the engine is described in Part 2 of 
t h ~ s  paper [9]. As the project progressed. a deci:;ion was 
taken to integrate the V V C  system into a new 1.8 litre 
versio~i of the Rover K16 engine. ti rstly for. usc in the 
M G F  mid-engined sports car and then in a t,igh-per- 
formance version of the Rover 200 saloon. 

Both cars were to be on  sale to customers in 1995. 
Table 1 outlines the engine specification. The values of 
the V V C  mechanism variables were selected to produce 
the required engine charactcristics. All details given in 
this paper specifically apply to that application. Table 2 
shows the available range of continuous adjustment. 
Figure 5 shows the resulting cyclic variation in angular 
~e loc i ty  during one camshaft revolution for. the cams 
d r ~ ~ c n  from the front V V C  unit at the chosen rririximum 
2nd rnlnlmum period settings. The position: of the 
1;;,21 i a l ~ e  events for cylinders I and 2 are ic!er,[itied in 
s l i -  - 3 %  T h ~ s  c)clic velocity variation. wh:ct is the 
-.:-.'r ..i ?cth c!linders hut w ~ t h  a phuse d!ffcr.t.nce in 
- -  . 7 7 - > * a  . . - .  - .  , .tnpic af 90 . \\as calculated t'rom the BDC TDC B DC 

-= . - - ~ - : - - n  gecmetr! as outlined in the scciion of Crank Angle (deg)  
i:~.;-: 7. 1 cl.iennp rncch:ln~sm kinematics. Figure 6 
.-, - -; .-,r rs-~;:rr g ~niet  ~ n d  sxhaust valve l i f t  diagrams Fig. 6 Valve lil't dlagi,urns for VVC and hase englncs 
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3 CONCLUSIONS 

The  use o f  variable valve timing o n  petrol engines is now 
receiving increased at tent ion in the industry. This  is to 
meet cus tomer  expectations for vehicles with improved 
performance coupled with reduced fuel consumption. 
but  a t  the same time niecting the exhaust emission leg- 
islation. 

Part  I o f  this paper  has presented the results of the 
feasibility study. discussed the basis of  the concept 
selected a n d  outlined the practical mechanical 
a r rangement  for the high-performance version of the 
Rover K16 engine with variable valve tirninp. Part 2 
describes the mechanical layout. the development work 
necessary to  bring t o  production and  the performance 
obtained.  
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o f  the opening point relative t o  engine T D C  or  BDC. 
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and  others  vary both.  Some mechanisms illso vary valve 
lift. i.e. the maximum linear movement of the v a l ~ e  from 
11s seat. 

APPENDIX 2 

Eccentric sleeve geometry 

ReKerring hack to  Fig. 3. the geometry of  the eccentric 
control  sleeve can be used to calculate the eccentricity 
of the niechanism and  its direction. The  independent 
variable for the mechanism is 1. since this angle is 
adjusted by the control system to  vary valve period 
Kor dilferent engine conditions. This  angle -, is mea- 
sured clockwise from the direction of  the housing 
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is equal to  the change in angle 11. This  angle is also 
measured clockwise from the direction OA. From 
triangle OAP. 
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Definition of variable valve timing 

r-  

r <:-re - <how5 11 t y p ~ c a l  valve event diagram for a four- 
;.- -.s ;park lgnltlon englne. When variable valve tiniing 

,isd :he ~ n y u l a r  positlon of some o r  all of these events 
:2: u . .aried. These chanses  are conveniently described 

Fo r  any trial value of  OA the direction and  magnitude 
o f  the eccentricity for  various sleeve positions. as  
detined by a range of  values of  angle -,. can bt: calcu- 
lated from equations ( I )  t o  (3) .  It is then necessary to 
determine the kinen1:itic h e h ~ ~ v i o u r  of the V V C  
mechanism for these control sleeve settings. Retaining 
the same control sleeve setting a s  Fig. 3. Fig. 8 shows 
the mechanism geometry with the rc la t~ve  position of 
the cam protile at  one  point In thc input dribe shaft 
revolution detined hy uncle o. 
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