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[ 0004 ] U . S . Nonprovisional patent application Ser . No . 
14 / 695 , 355 ( EATN - 0208 - 001 - C01 ) is a continuation of 
U . S . Nonprovisional application Ser . No . 13 / 873 , 797 
( EATN - 0208 - 001 ) , now U . S . Pat . No . 9 , 016 , 252 , filed Apr . 
30 , 2013 . 
[ 0005 ] International Application No . PCT / US2013 / 
068503 ( EATN - 0211 - WO ) filed Nov . 3 , 2013 , claims the 
benefit of U . S . Provisional Patent Application Ser . No . 
61 / 722 , 765 ( EATN - 0111 - P01 ) filed Nov . 5 , 2012 , entitled 
“ DEVELOPMENT OF ASWITCHING ROLLER FINGER 
FOLLOWER FOR CYLINDER DEACTIVATION IN 
GASOLINE ENGINE APPLICATIONS , ” and also claims 
the benefit of U . S . Provisional Patent Application Ser . No . 
61 / 771 , 769 filed Mar . 1 , 2013 , and entitled , “ DISCRETE 
VARIABLE VALVE LIFT DEVICE AND METHODS . ” 
[ 0006 ] International Application No . PCT / US2013 / 
068503 ( EATN - 0211 - WO ) , is also a continuation - in - part of 
U . S . Nonprovisional patent application Ser . No . 13 / 532 , 777 , 
filed Jun . 25 , 2012 , now U . S . Pat . No . 8 , 635 , 980 ; Ser . No . 
13 / 051 , 839 filed Mar . 18 , 2011 , now U . S . Pat . No . 8 , 726 , 
862 ; and U . S . patent application Ser . No . 13 / 051 , 848 , filed 
Mar . 18 , 2011 , now U . S . Pat . No . 8 , 752 , 513 . 
[ 0007 ] U . S . Nonprovisional patent application Ser . No . 
13 / 532 , 777 is a continuation of application Ser . No . 12 / 856 , 
266 , filed on Aug . 13 , 2010 , now U . S . Pat . No . 8 , 215 , 275 . 
10008 ] International Application No . PCT / US2013 / 
068503 ( EATN - 0211 - WO ) , is also a continuation - in - part of 
U . S . Nonprovisional patent application Ser . No . 13 / 868 , 025 
( EATN - 0201 - U01 ) , now U . S . Pat . No . 8 , 985 , 074 ; Ser . No . 
13 / 868 , 035 ( EATN - 0201 - U01 - C01 ) , now U . S . Pat . No . 
8 , 915 , 225 ; Ser . No . 13 / 868 , 045 ( EATN - 0202 - 001 ) , now 
U . S . Pat . No . 9 , 267 , 396 , Ser . No . 13 / 868 , 054 ( EATN - 0202 
U01 - C01 ) ; Ser . No . 13 / 868 , 061 ( EATN - 0206 - 001 ) , now 

U . S . Pat . No . 9 , 038 , 586 ; Ser . No . 13 / 868 , 067 ( EATN - 0209 
U01 ) , now U . S . Pat . No . 9 , 228 , 454 ; and Ser . No . 13 / 868 , 068 
( EATN - 0210 - U01 ) , now U . S . Pat . No . 9 , 284 , 859 , all filed on 
Apr . 22 , 2013 
[ 0009 ] International Application No . PCT / US2013 / 
068503 ( EATN - 0211 - WO ) , is also a continuation - in - part of 
U . S . Nonprovisional patent application Ser . No . 13 / 873 , 774 
( EATN - 0207 - U01 ) , now U . S . Pat . No . 9 , 291 , 075 , filed on 
Apr . 30 , 2013 ; and Ser . No . 13 / 873 , 797 ( EATN - 0208 - 001 ) , 
now U . S . Pat . No . 9 , 016 , 252 , filed on Apr . 30 , 2013 . 
[ 0010 ] International Application No . PCT / US2013 / 
068503 ( EATN - 0211 - WO ) , is also a continuation - in - part of 
International PCT Applications PCT / US2013 / 037667 
( EATN - 0204 - WO ) and PCT / US2013 / 037665 ( EATN - 0206 
WO ) both filed on Apr . 22 , 2013 , and PCT / US2013 / 038896 
( EATN - 0210 - WO ) filed Apr . 30 , 2013 . 
[ 0011 ] U . S . Nonprovisional application Ser . No . 13 / 868 , 
025 ( EATN - 0201 - 001 ) , now U . S . Pat . No . 8 , 985 , 074 ; Ser . 
No . 13 / 868 , 035 ( EATN - 0201 - U01 - C01 ) , now U . S . Pat . No . 
8 , 915 , 225 ; Ser . No . 13 / 868 , 045 ( EATN - 0202 - 001 ) , now 
U . S . Pat . No . 9 , 267 , 396 , Ser . No . 13 / 868 , 054 ( EATN - 0202 
U01 - C01 ) ; Ser . No . 13 / 868 , 061 ( EATN - 0206 - 001 ) , now 
U . S . Pat . No . 9 , 038 , 586 ; Ser . No . 13 / 868 , 067 ( EATN - 0209 
U01 ) , now U . S . Pat . No . 9 , 228 , 454 ; Ser . No . 13 / 868 , 068 
( EATN - 0210 - U01 ) , now U . S . Pat . No . 9 , 284 , 859 ; and Ser . 
No . 14 / 695 , 355 ( EATN - 0208 - 001 - C01 ) , all claim the ben 
efit of the following U . S . Provisional patent application Ser . 
Nos . 61 / 636 , 277 ( EATN - 0205 - P01 ) , filed Apr . 20 , 2012 ; 
61 / 637 , 786 ( EATN - 0206 - P01 ) , filed Apr . 24 , 2012 ; 61 / 640 , 
709 ( EATN - 0209 - P01 ) , filed Apr . 30 , 2012 ; 61 / 640 , 713 
( EATN - 0210 - P01 ) , filed on Apr . 30 , 2012 ; and 61 / 771 , 769 
( EATN - 0202 - P01 ) filed Mar . 1 , 2013 . 
[ 0012 ] U . S . Nonprovisional application Ser . No . 13 / 868 , 
025 ( EATN - 0201 - 001 ) , now U . S . Pat . No . 8 , 985 , 074 ; Ser . 
No . 13 / 868 , 035 ( EATN - 0201 - U01 - C01 ) , now U . S . Pat . No . 
8 , 915 , 225 ; Ser . No . 13 / 868 , 045 ( EATN - 0202 - 001 ) , now 
U . S . Pat . No . 9 , 267 , 396 , Ser . No . 13 / 868 , 054 ( EATN - 0202 
U01 - C01 ) ; Ser . No . 13 / 868 , 061 ( EATN - 0206 - 001 ) , now 
U . S . Pat . No . 9 , 038 , 586 ; Ser . No . 13 / 868 , 067 ( EATN - 0209 
U01 ) , now U . S . Pat . No . 9 , 228 , 454 ; and Ser . No . 13 / 868 , 068 
( EATN - 0210 - U01 ) , now U . S . Pat . No . 9 , 284 , 859 , are con 
tinuation - in part applications of U . S . patent application Ser . 
No . 13 / 051 , 839 filed Mar . 18 , 2011 , now U . S . Pat . No . 
8 , 726 , 862 and Ser . No . 13 / 051 , 848 filed on Mar . 18 , 2011 , 
now U . S . Pat . No . 8 , 752 , 513 . 
[ 0013 ] U . S . Nonprovisional application Ser . No . 13 / 873 , 
774 ( EATN - 0207 - U01 ) , now U . S . Pat . No . 9 , 291 , 075 ; Ser . 
No . 13 / 873 , 797 ( EATN - 0208 - 001 ) , now U . S . Pat . No . 
9 , 016 , 252 , claim the benefit of the following U . S . Provi 
sional patent application Ser . Nos . 61 / 636 , 277 ( EATN - 0205 
P01 ) , filed Apr . 20 , 2012 ; 61 / 637 , 786 ( EATN - 0206 - P01 ) , 
filed Apr . 24 , 2012 ; 61 / 640 , 705 ( EATN - 0207 - P01 ) , filed 
Apr . 30 , 2012 ; 61 / 640 , 707 ( EATN - 0208 - P01 ) , filed Apr . 30 , 
2012 ; 61 / 640 , 709 ( EATN - 0209 - P01 ) , filed Apr . 30 , 2012 ; 
61 / 640 , 713 ( EATN - 0210 - P01 ) , filed on Apr . 30 , 2012 ; and 
61 / 771 , 769 ( EATN - 0202 - P01 ) filed Mar . 1 , 2013 . 
[ 0014 ] U . S . patent application Ser . No . 14 / 695 , 355 
( EATN - 0208 - 001 - C01 ) claims the benefit of the following 
U . S . Provisional Patent Application Ser . Nos . 61 / 640 , 705 
( EATN - 0207 - P01 ) , filed Apr . 30 , 2012 , and 61 / 640 , 707 
( EATN - 0208 - P01 ) , filed Apr . 30 , 2012 . 
[ 0015 ] U . S . Nonprovisional application Ser . No . 13 / 873 , 
774 ( EATN - 0207 - U01 ) , now U . S . Pat . No . 9 , 291 , 075 ; Ser . 
No . 13 / 873 , 797 ( EATN - 0208 - U01 ) , now U . S . Pat . No . 
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[ 0023 ] Each provisional , non - provisional and interna 
tional application listed above is hereby incorporated by 
reference in its entirety . 

FIELD 

[ 0024 ] This application is related to rocker arm designs for 
internal combustion engines , and more specifically for more 
efficient novel variable valve actuation switching rocker arm 
systems , and methods of making or assembling an inner 
arm , an outer arm and a latch of the switching rocker arm . 

9 , 016 , 252 , are continuation - in part applications of U . S . 
patent application Ser . No . 13 / 051 , 839 filed Mar . 18 , 2011 , 
now U . S . Pat . No . 8 , 726 , 862 and Ser . No . 13 / 051 , 848 filed 
on Mar . 18 , 2011 , now U . S . Pat . No . 8 , 752 , 513 . 
[ 0016 ] U . S . patent application Ser . No . 13 / 873 , 797 
( EATN - 0208 - U01 ) , now U . S . Pat . No . 9 , 016 , 252 is a con 
tinuation - in - part of U . S . patent application Ser . No . 13 / 868 , 
068 ( EATN - 0210 - U01 ) , filed Apr . 22 , 2013 , now U . S . Pat . 
No . 9 , 284 , 859 . 
[ 0017 ] U . S . patent application Ser . No . 13 / 873 , 797 
( EATN - 0208 - 001 ) , now U . S . Pat . No . 9 , 016 , 252 is also a 
continuation - in - part of U . S . patent application Ser . No . 
13 / 669 , 501 ( EATN - 0001 - U01 - C01 ) filed Nov . 6 , 2012 , now 
U . S . Pat . No . 8 , 534 , 182 , entitled “ VALVETRAIN OIL 
CONTROL SYSTEM AND CONTROL VALVE . ” 
[ 0018 ] U . S . patent application Ser . No . 13 / 669 , 501 
( EATN - 0001 - U01 - C01 ) , now U . S . Pat . No . 8 , 534 , 182 , is a 
continuation of U . S . patent application Ser . No . 12 / 507 , 153 
( 08 - ASD - 10 ) , filed Jul . 22 , 2009 , now U . S . Pat . No . 8 , 327 , 
750 , entitled “ VALVETRAIN OIL CONTROL SYSTEM 
AND OIL CONTROL VALVE . ” 
[ 0019 ] U . S . patent application Ser . No . 13 / 873 , 797 
( EATN - 0208 - 001 ) , now U . S . Pat . No . 9 , 016 , 252 ; Ser . No . 
13 / 669 , 501 ( EATN - 0001 - U01 - C01 ) , now U . S . Pat . No . 
8 , 534 , 182 , Ser . No . 13 / 873 , 774 ( EATN - 0207 - U01 ) , now 
U . S . Pat . No . 9 , 291 , 075 ; Ser . No . 14 / 695 , 355 ( EATN - 0208 
U01 - C01 ) ; and Ser . No . 12 / 507 , 153 ( 08 - ASD - 210 ) , now 
U . S . Pat . No . 8 , 327 , 750 , each claim the benefit of US 
Provisional Patent Application 61 / 082 , 575 ( 08 - ASD - 10 ) , 
filed Jul . 22 , 2008 , entitled “ Valvetrain Oil Control System . ” 
[ 0020 ] U . S . patent application Ser . No . 13 / 051 , 848 , filed 
Mar . 18 , 2011 , now U . S . Pat . No . 8 , 752 , 513 ; Ser . No . 
13 / 051 , 839 filed Mar . 18 , 2011 , now U . S . Pat . No . 8 , 726 , 
862 ; Ser . No . 13 / 868 , 025 ( EATN - 0201 - U01 ) , now U . S . Pat . 
No . 8 , 985 , 074 ; Ser . No . 13 / 868 , 035 ( EATN - 0201 - U01 
C01 ) , now U . S . Pat . No . 8 , 915 , 225 ; Ser . No . 13 / 868 , 045 
( EATN - 0202 - 001 ) , now U . S . Pat . No . 9 , 267 , 396 ; Ser . No . 
13 / 868 , 054 ( EATN - 0202 - U01 - C01 ) ; Ser . No . 13 / 868 , 061 
( EATN - 0206 - 001 ) , now U . S . Pat . No . 9 , 038 , 586 ; Ser . No . 
13 / 868 , 067 ( EATN - 0209 - U01 ) , now U . S . Pat . No . 9 , 228 , 
454 ; Ser . No . 13 / 868 , 068 ( EATN - 0210 - U01 ) , now U . S . Pat . 
No . 9 , 284 , 859 ; Ser . No . 13 / 873 , 774 ( EATN - 0207 - U01 ) , 
now U . S . Pat . No . 9 , 291 , 075 ; Ser . No . 13 / 873 , 797 ( EATN 
0208 - 001 ) , now U . S . Pat . No . 9 , 016 , 252 ; and Ser . No . 
14 / 695 , 355 ( EATN - 0208 - U01 - C01 ) , each claim the benefit 
of U . S . Provisional Patent Application 61 / 315 , 464 ( 10 
ECD - 187 ) , filed Mar . 19 , 2010 , entitled “ Variable Valve 
Lifter Rocker Arm . ” 
[ 0021 ] This application is a continuation - in - part of U . S . 
patent application Ser . No . 14 / 838 , 749 ( EATN - 0215 - 001 ) , 
filed Aug . 28 , 2015 , and entitled VALVE ACTUATING 
DEVICE AND METHOD OF MAKING SAME . ” U . S . 
patent application Ser . No . 14 / 838 , 749 ( EATN - 0215 - 001 ) is 
a continuation of International Appl . No . PCT / US2015 / 
018445 ( EATN - 0215 - WO ) filed Mar . 3 , 2015 , of the same 
title . 
[ 0022 ] International Application No . PCT / US2015 / 
018445 ( EATN - 0215 - WO ) claims the benefit of Interna 
tional Application No . PCT / US2014 / 019870 ( EATN - 0213 
WO ) filed on Mar . 3 , 2014 ; U . S . Patent Application No . 
61 / 986 , 976 ( EATN - 0215 - P01 ) filed on May 1 , 2014 ; and 
U . S . Patent Application No . 62 / 081 , 306 ( EATN - 0215 - P02 ) 
filed on Nov . 18 , 2014 . 

BACKGROUND 
[ 0025 ] Global environmental and economic concerns 
regarding increasing fuel consumption and greenhouse gas 
emission , the rising cost of energy worldwide , and demands 
for lower operating cost , are driving changes to legislative 
regulations and consumer demand . As these regulations and 
requirements become more stringent , advanced engine tech 
nologies must be developed and implemented to realize 
desired benefits . 
[ 0026 ] FIG . 1B illustrates several valve train arrangements 
in use today . In both Type I ( 21 ) and Type II ( 22 ) , arrange 
ments , a cam shaft with one or more valve actuating lobes 
30 is located above an engine valve 29 ( overhead cam ) . In 
a Type I ( 21 ) valvetrain , the overhead cam lobe 30 directly 
drives the valve through a hydraulic lash adjuster ( HLA ) 
812 . In a Type II ( 22 ) valve train , an overhead cam lobe 30 
drives a rocker arm 25 , and the first end of the rocker arm 
pivots over an HLA 812 , while the second end actuates the 
valve 29 . 
[ 0027 ] In Type III ( 23 ) , the first end of the rocker arm 28 
rides on and is positioned above a cam lobe 30 while the 
second end of the rocker arm 28 actuates the valve 29 . As the 
cam lobe 30 rotates , the rocker arm pivots about a fixed shaft 
31 . An HLA 812 can be implemented between the valve 29 
tip and the rocker arm 28 . 
[ 0028 ] In Type V ( 24 ) , the cam lobe 30 indirectly drives 
the first end of the rocker arm 26 with a push rod 27 . An 
HLA 812 is shown implemented between the cam lobe 30 
and the push rod 27 . The second end of the rocker arm 26 
actuates the valve 29 . As the cam lobe 30 rotates , the rocker 
arm pivots about a fixed shaft 31 . 
[ 0029 ] As FIG . 1A also illustrates , industry projections for 
Type II ( 22 ) valve trains in automotive engines , shown as a 
percentage of the overall market , are predicted to be the 
most common configuration produced by 2019 . 
[ 0030 ] Technologies focused on Type II ( 22 ) valve trains , 
that improve the overall efficiency of the gasoline engine by 
reducing friction , pumping , and thermal losses are being 
introduced to make the best use of the fuel within the engine . 
Some of these variable valve actuation ( VVA ) technologies 
have been introduced and documented 
[ 0031 ] AVVA device may be a variable valve lift ( VVL ) 
system , a cylinder deactivation ( CDA ) system such as that 
described U . S . patent application Ser . No . 13 / 532 , 777 , filed 
Jun . 25 , 2012 “ Single Lobe Deactivating Rocker Arm ” 
hereby incorporated by reference in its entirety , or other 
valve actuation system . As noted , these mechanisms are 
developed to improve performance , fuel economy , and / or 
reduce emissions of the engine . Several types of the VVA 
rocker arm assemblies include an inner rocker arm within an 
outer rocker arm that are biased together with torsion 
springs . A latch , when in the latched position causes both the 
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inner and outer rocker arms to move as a single unit . When 
unlatched , the rocker arms are allowed to move independent 
of each other . 
[ 0032 ] Switching rocker arms allow for control of valve 
actuation by alternating between latched and unlatched 
states , usually involving the inner arm and outer arm , as 
described above . In some circumstances , these arms engage 
different cam lobes , such as low - lift lobes , high - lift lobes , 
and no - lift lobes . Mechanisms are required for switching 
rocker arm modes in a manner suited for operation of 
internal combustion engines . 
[ 0033 ] One example of VVA technology used to alter 
operation and improve fuel economy in Type II gasoline 
engines is discrete variable valve lift ( DVVL ) , also some 
times referred to as a DVVL switching rocker arm . DVVL 
works by limiting engine cylinder intake air flow with an 
engine valve that uses discrete valve lift states versus 
standard " part throttling ” . A second example is cylinder 
deactivation ( CDA ) . Fuel economy can be improved by 
using CDA at partial load conditions in order to operate 
select combustion cylinders at higher loads while turning off 
other cylinders . 
[ 0034 ] The United States Environmental Protection 
Agency ( EPA ) showed a 4 % improvement in fuel economy 
when using DVVL applied to various passenger car engines . 
An earlier report , sponsored by the United States Depart 
ment of Energy lists the benefit of DVVL at 4 . 5 % fuel 
economy improvement . Since automobiles spend most of 
their life at “ part throttle ” during normal cruising operation , 
a substantial fuel economy improvement can be realized 
when these throttling losses are minimized . For CDA , 
studies show a fuel economy gain , after considering the 
minor loss due to the deactivated cylinders , ranging between 
2 and 14 % . 
[ 0035 ] Currently , there is a need VVA systems and devices 
that operate more efficiently , with additional capabilities 
over existing rocker arm designs . 
10036 ] A switching roller finger follower or rocker arm 
allows for control of valve actuation by alternating between 
two or more states . In some examples , the rocker arm can 
include multiple arms , such as an inner arm and an outer 
arm . In some circumstances , these arms can engage different 
cam lobes , such as low - lift lobes , high - lift lobes , and no - lift 
lobes . Mechanisms are required for switching rocker arm 
modes in a manner suited for operation of internal combus 
tion engines . 
[ 0037 ] Typically the components of the rocker arm are 
sized and sorted before assembly such that the appropriate 
combination of components is selected in an effort to satisfy 
latch lash tolerances . The sizing and sorting process can be 
time consuming . It would be desirable to simplify the 
assembly process and provide better latch lash control . 
[ 0038 ] The background description provided herein is for 
the purpose of generally presenting the context of the 
disclosure . Work of the presently named inventors , to the 
extent it is described in this background section , as well as 
aspects of the description that may not otherwise qualify as 
prior art at the time of filing , are neither expressly nor 
impliedly admitted as prior art against the present disclo 
sure . 

as CDA or DVVL switching rocker arms , valve lift actuation 
methods , such as hydraulic actuation using pressurized 
engine oil , software and hardware control systems , and 
enabling technologies . Enabling technologies may include 
sensing and instrumentation , OCV design , DFHLA design , 
torsion springs , specialized coatings , algorithms , etc . 
[ 0040 ] In one embodiment , an advanced discrete variable 
valve lift ( DVVL ) system is described . The advanced dis 
crete variable valve lift ( DVVL ) system was designed to 
provide two discrete valve lift states in a single rocker arm . 
Embodiments of the approach presented relate to the Type II 
valve train described above and shown in FIG . 1B . Embodi 
ments of the system presented herein may apply to a 
passenger car engine ( having four cylinders in embodi 
ments ) with an electro - hydraulic oil control valve , dual feed 
hydraulic lash adjuster ( DFHLA ) , and DVVL switching 
rocker arm . The DVVL switching rocker arm embodiments 
described herein focus on the design and development of a 
switching roller finger follower ( SRFF ) rocker arm system 
which enables two - mode discrete variable valve lift on end 
pivot roller finger follower valve trains . This switching 
rocker arm configuration includes a low friction roller 
bearing interface for the low lift event , and retains normal 
hydraulic lash adjustment for maintenance free valve train 
operation . 
10041 ] Mode switching ( i . e . , from low to high lift or vice 
versa ) is accomplished within one cam revolution , resulting 
in transparency to the driver . The SRFF prevents significant 
changes to the overhead required for installing in existing 
engine designs . Load carrying surfaces at the cam interface 
may comprise a roller bearing for low lift operation , and a 
diamond like carbon coated slider pad for high lift operation . 
Among other aspects , the teachings of the present applica 
tion is able to reduce mass and moment of inertia while 
increasing stiffness to achieve desired dynamic performance 
in low and high lift modes . 
[ 0042 ] A diamond - like carbon coating ( DLC coating ) 
allows higher slider interface stresses in a compact package . 
Testing results show that this technology is robust and meets 
all lifetime requirements with some aspects extending to six 
times the useful life requirements . Alternative materials and 
surface preparation methods were screened , and results 
showed DLC coating to be the most viable alternative . This 
application addresses the technology developed to utilize a 
Diamond - like carbon ( DLC ) coating on the slider pads of 
the DVVL switching rocker arm . 
[ 0043 ] System validation test results reveal that the system 
meets dynamic and durability requirements . Among other 
aspects , this patent application also addresses the durability 
of the SRFF design for meeting passenger car durability 
requirements . Extensive durability tests were conducted for 
high speed , low speed , switching , and cold start operation . 
High engine speed test results show stable valve train 
dynamics above 7000 engine rpm . System wear require 
ments met end - of - life criteria for the switching , sliding , 
rolling and torsion spring interfaces . One important metric 
for evaluating wear is to monitor the change in valve lash . 
The lifetime requirements for wear showed that lash changes 
are within the acceptable window . The mechanical aspects 
exhibited robust behavior over all tests including the slider 
interfaces that contain a diamond like carbon ( DLC ) coating . 
[ 0044 ] With flexible and compact packaging , this DVVL 
system can be implemented in a multi - cylinder engine . The 
DVVL arrangement can be applied to any combination of 

SUMMARY 
[ 0039 ] Advanced VVA systems for piston - type internal 
combustion engines combine valve lift control devices , such 
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intake or exhaust valves on a piston - driven internal com 
bustion engine . Enabling technologies include OCV , 
DFHLA , DLC coating . 
[ 0045 ] In a second embodiment , an advanced single - lobe 
cylinder deactivation ( CDA - 1L ) system is described . The 
advanced cylinder deactivation ( CDA - 1L ) system was 
designed to deactivate one or more cylinders . Embodiments 
of the approach presented relate to the Type II valve train 
described above and shown in FIG . 22 . Embodiments of the 
system presented herein may apply to a passenger car engine 
( having a multiple of two cylinders in embodiments , for 
example 2 , 6 , 8 ) with an electro - hydraulic oil control valve , 
dual feed hydraulic lash adjuster ( DFHLA ) , and CDA - 1L 
switching rocker arm . The CDA - 1L switching rocker arm 
embodiments described herein focus on the design and 
development of a switching roller finger follower ( SRFF ) 
rocker arm system which enables lift / no - lift operation for 
end pivot roller finger follower valve trains . This switching 
rocker arm configuration includes a low friction roller 
bearing interface for the cylinder deactivation event , and 
retains normal hydraulic lash adjustment for maintenance 
free valve train operation . 
[ 0046 ] Mode switching for the CDA - 1L system is accom 
plished within one cam revolution , resulting in transparency 
to the driver . The SRFF prevents significant changes to the 
overhead required for installing in existing engine designs . 
Among other aspects , the teachings of the present applica 
tion is able to reduce mass and moment of inertia while 
increasing stiffness to achieve desired dynamic performance 
in either lift or no - lift modes . 
[ 0047 ] CDA - 1L system validation test results reveal that 
the system meets dynamic and durability requirements . 
Among other aspects , this patent application also addresses 
the durability of the SRFF design necessary to meet pas 
senger car durability requirements . Extensive durability tests 
were conducted for high speed , low speed , switching , and 
cold start operation . High engine speed test results show 
stable valve train dynamics above 7000 engine rpm . System 
wear requirements met end - of - life criteria for the switching , 
rolling and torsion spring interfaces . One important metric 
for evaluating wear is to monitor the change in valve lash . 
The lifetime requirements for wear showed that lash changes 
are within the acceptable window . The mechanical aspects 
exhibited robust behavior over all tests . 
[ 0048 ] With flexible and compact packaging , the CDA - IL 
system can be implemented in a multi - cylinder engine . 
Enabling technologies include OCV , DFHLA , and special 
ized torsion spring design . 
[ 0049 ] A rocker arm is described for engaging a cam 
having one lift lobe per valve . The rocker arm includes an 
outer arm , an inner arm , a pivot axle , a lift lobe contacting 
bearing , a bearing axle , and at least one bearing axle spring . 
The outer arm has a first and a second outer side arms and 
outer pivot axle apertures configured for mounting the pivot 
axle . The inner arm is disposed between the first and second 
outer side arms , and has a first inner side arm and a second 
inner side arm . The first and second inner side arms have an 
inner pivot axle apertures that receive and hold the pivot 
axle , and inner bearing axle apertures for mounting the 
bearing axle . 
[ 0050 ] The pivot axle fits into the inner pivot axle aper 
tures and the outer pivot axle apertures . 
[ 0051 ] The bearing axle is mounted in the bearing axle 
apertures of the inner arm . 

[ 0052 ] The bearing axle spring is secured to the outer arm 
and is in biasing contact with the bearing axle . The lift lobe 
contacting bearing is mounted to the bearing axle between 
the first and the second inner side arms . 
[ 0053 ] Another embodiment can be described as a rocker 
arm for engaging a cam having a single lift lobe per engine 
valve . The rocker arm includes an outer arm , an inner arm , 
a cam contacting member configured to be capable of 
transferring motion from the single lift lobe of the cam to the 
rocker arm , and at least one biasing spring . 
[ 0054 ] The rocker arm also includes a first outer side arm 
and a second outer side arm . 
[ 0055 ] The inner arm is disposed between the first and the 
second outer side arms , and has a first inner side arm and a 
second inner side arm . 
[ 0056 ] The inner arm is secured to the outer arm by a pivot 
axle configured to permit rotating movement of the inner 
arm relative to the outer arm about the pivot axle . 
[ 0057 ] The cam contacting member is disposed between 
the first and second inner side arm . 
[ 0058 ] At least one biasing spring is secured to the outer 
arm and is in biasing contact with the cam contacting 
member . 
[ 0059 ] Another embodiment may be described as a deac 
tivating rocker arm for engaging a cam having a single lift 
lobe having a first end and a second end , an outer arm , an 
inner arm , a pivot axle , a lift lobe contacting member 
configured to be capable of transferring motion from the 
cam lift lobe to the rocker arm , a latch configured to be 
capable of selectively deactivating the rocker arm , and at 
least one biasing spring . 
10060 ] The outer arm has a first outer side arm and a 
second outer side arm , outer pivot axle apertures configured 
for mounting the pivot axle , and axle slots configured to 
accept the lift lobe contacting member , permitting lost 
motion movement of the lift lobe contacting member . 
[ 0061 ] The inner arm is disposed between the first and 
second outer side arms , and has a first inner side arm and a 
second inner side arm . The first inner side arm and the 
second inner side arm have inner pivot axle apertures 
configured for mounting the pivot axle , and inner lift lobe 
contacting member apertures configured for mounting the 
lift lobe contacting member . 
[ 0062 ] The pivot axle is mounted adjacent the first end of 
the rocker arm and disposed in the inner pivot axle apertures 
and the outer pivot axle apertures . 
[ 0063 ] The latch is disposed adjacent the second end of the 
rocker arm . 
[ 0064 ] The lift lobe contacting member mounted in the lift 
lobe contacting member apertures of the inner arm and the 
axle slots of the outer arm and between the pivot axle and 
latch . 
[ 0065 ] The biasing spring is secured to the outer arm and 
in biasing contact with the lift lobe contacting member . 
[ 0066 ] A method of assembling a switching rocker arm 
assembly having an inner arm , an outer arm and a latch is 
provided . The method includes , indenting an outer arm 
surface on the outer arm , the outer arm surface defining an 
arcuate aperture . An inner arm surface can be indented on 
the inner arm at an inner arm latch shelf . A latch can be 
positioned relative to the inner and outer arms . 
[ 0067 ] According to additional features , the inner and 
outer arms can be located into a fixture base . A press ram can 
be actuated onto a first indenting tool that acts against the 
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outer arm surface . The outer arm can be collectively defined 
by a first outer arm and a second outer arm . Indenting the 
outer arm surface on the outer arm can further include , 
locating the first indenting tool through the arcuate passage . 
The arcuate aperture can be collectively defined by a first 
outer arm surface provided by the first outer arm and a 
second outer arm surface provided by the second outer arm . 
The first and second outer arm surfaces can be deflected with 
the first indenting tool . A pivot swivel can be positioned 
against a pivot axle that pivotally couples the inner arm and 
the outer arm . Misalignments of outer arm reaction surfaces 
can be compensated for with the fixture base . The indenting 
of the outer arm surface can be continued until a pin is 
permitted to slidably advance adjacent to the latch shelf . 
Actuating the press ram onto the first indenting tool can 
include transferring a force from the press ram onto a 
tungsten tool . 
[ 0068 ] According to additional features , indenting the 
inner arm surface can further include positioning a second 
indenting tool through an outer arm latch bore and adjacent 
to the inner arm latch shelf . An indention load can be 
transferred onto the inner arm , through the second indenting 
tool and onto the inner arm latch shelf . Positioning the 
second indenting tool can comprise , positioning a tungsten 
pin through the outer arm latch bore and adjacent to the inner 
arm latch shelf . The indenting of the inner arm surface can 
be continued until a transformer provides a stop signal . 
[ 0069 ] A method of assembling a switching rocker arm 
assembly according to additional features of the present 
disclosure is provided . The switching rocker arm assembly 
can have an inner arm , an outer arm and a latch . The 
switching rocker arm assembly can be configured to operate 
in a first normal - lift position where the inner and outer arms 
are locked together and a second no - lift position where the 
inner and outer arms move independently . The method can 
include , indenting an outer arm surface on the outer arm . 
The outer arm surface can define an arcuate aperture . An 
inner arm latch surface can be indented on the inner arm . 
The inner arm latch surface can correspond to a surface that 
the latch engages during the normal - lift position . A latch can 
be positioned relative to the inner and outer arms . 
[ 0070 ] According to additional features , the outer arm can 
be collectively defined by a first outer arm and a second 
outer arm . Indenting the outer arm surface on the outer arm 
can further include , locating a first indenting tool through the 
arcuate aperture . The arcuate aperture can be defined by a 
first outer arm surface provided on the first outer arm and a 
second outer arm surface provided by the second outer arm . 
The first and second outer arm surfaces can be deflected with 
the first indenting tool . According to additional features , a 
pivot swivel can be positioned against a pivot axle that 
pivotally couples the inner arm and the outer arm . Misalign 
ments of outer arm reaction forces can be compensated for 
with the fixture base . The indenting of the outer arm surface 
can be continued until a pin is permitted to slidably advance 
adjacent to the inner arm latch surface . A press ram can be 
actuated onto the first indenting tool . A force from the press 
ram can be transferred onto the indenting tool . Indenting the 
inner arm surface can further comprise , positioning a second 
indenting tool through an outer arm latch bore and adjacent 
to the inner arm latch surface . An indention load can be 
transferred onto the inner arm , through the second indenting 
tool and onto the inner arm latch surface . Positioning the 
second indenting tool can comprise positioning a tungsten 

pin through the outer arm latch bore and adjacent to the inner 
arm latch surface . The indenting of the inner arm latch 
surface can continue until a transformer provides a stop 
signal . 
[ 0071 ] A method of assembling a switching rocker arm 
assembly according to other features is provided . The 
switching rocker arm assembly can have an inner arm , an 
outer arm and a latch . The outer arm can have an arcuate 
aperture collectively defined by a first outer arm surface on 
a first outer arm and a second outer arm surface on a second 
outer arm . The inner arm can have an inner arm latch 
surface . The switching rocker arm assembly can be config 
ured to operate in a first normal - lift position where the inner 
and outer arms are locked together and a second no - lift 
position where the inner and outer arms move indepen 
dently . The method can include , locating a first indenting 
tool through the arcuate passage . The first and second outer 
arm surfaces can be indented on the outer arm with the first 
indenting tool . A second indenting tool can be located 
adjacent to the inner arm latch surface . The inner arm latch 
surface on the inner arm can be indented . The inner arm 
latch surface can correspond to a surface that the latch 
engages during the normal - lift position . A latch can be 
positioned relative to the inner and outer arms . 
[ 0072 ] According to additional features , the inner and 
outer arms can be located into a fixture base . A press ram can 
be actuated onto the first indenting tool that acts against the 
outer arm surface . A pivot swivel can be positioned against 
a pivot axle that pivotally couples the inner arm and the 
outer arm . Misalignments of outer arm reaction surfaces can 
be compensated for with the fixture base . The indenting of 
the outer arm surface can be continued until a pin is 
permitted to slidably advance adjacent to the inner arm latch 
surface . The indenting of the inner arm latch surface can 
further include , positioning the second indenting tool 
through an outer arm latch bore and adjacent to the inner arm 
latch surface . An indention load can be transferred onto the 
inner arm , through the second indenting tool and onto the 
inner arm latch surface . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0073 ] It will be appreciated that the illustrated boundaries 
of elements in the drawings represent only one example of 
the boundaries . One of ordinary skill in the art will appre 
ciate that a single element may be designed as multiple 
elements or that multiple elements may be designed as a 
single element . An element shown as an internal feature may 
be implemented as an external feature and vice versa . 
[ 0074 ] Further , in the accompanying drawings and 
description that follow , like parts are indicated throughout 
the drawings and description with the same reference 
numerals , respectively . The figures may not be drawn to 
scale and the proportions of certain parts have been exag 
gerated for convenience of illustration . 
[ 0075 ] FIG . 1A illustrates the relative percentage of 
engine types for 2012 and 2019 . 
[ 0076 ) FIG . 1B illustrates the general arrangement and 
market sizes for Type I , Type II , Type III , and Type V valve 
trains . 
[ 0077 ] FIG . 2 shows the intake and exhaust valve train 
arrangement . 
0078 ] FIG . 3 illustrates the major components that com 
prise the DVVL system , including hydraulic actuation . 
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[ 0079 ] FIG . 4 illustrates a perspective view of an exem 
plary switching rocker arm as it may be configured during 
operation with a three lobed cam . 
0080 ] FIG . 5 is a diagram showing valve lift states plotted 

against cam shaft crank degrees for both the intake and 
exhaust valves for an exemplary DVVL implementation . 
[ 0081 ] FIG . 6 is a system control diagram for a hydrau 
lically actuated DVVL rocker arm assembly . 
[ 0082 ] FIG . 7 illustrates the rocker arm oil gallery and 
control valve arrangement . 
10083 ] FIG . 8 illustrates the hydraulic actuating system 
and conditions for an exemplary DVVL switching rocker 
arm system during low - lift ( unlatched ) operation . 
[ 0084 ] FIG . 9 illustrates the hydraulic actuating system 
and conditions for an exemplary DVVL switching rocker 
arm system during high - lift ( latched ) operation . 
[ 0085 ) FIG . 10 illustrates a side cut - away view of an 
exemplary switching rocker arm assembly with dual feed 
hydraulic lash adjuster ( DFHLA ) . 
[ 0086 FIG . 11 is a cut - away view of a DFHLA . 
[ 0087 ] FIG . 12 illustrates diamond like carbon coating 
layers . 
[ 0088 ] FIG . 13 illustrates an instrument used to sense 
position or relative movement of a DFHLA ball plunger . 
[ 0089 ] FIG . 14 illustrates an instrument used in conjunc 
tion with a valve stem to measure valve movement relative 
to a known state . 
10090 ) FIGS . 14A and 14B illustrate a section view of a 
first linear variable differential transformer using three wind 
ings to measure valve stem movement . 
[ 0091 ] FIGS . 14C and 14D illustrate a section view of a 
second linear variable differential transformer using two 
windings to measure valve stem movement . 
[ 0092 ] FIG . 15 illustrates another perspective view of an 
exemplary switching rocker arm . 
10093 ] FIG . 16 illustrates an instrument designed to sense 
position and / or movement . 
[ 0094 ] FIG . 17 is a graph that illustrates the relationship 
between OCV actuating current , actuating oil pressure , and 
valve lift state during a transition between high - lift and 
low - lift states . 
[ 0095 ] FIG . 17A is a graph that illustrates the relationship 
between OCV actuating current , actuating oil pressure , and 
latch state during a latch transition . 
[ 0096 ] FIG . 17B is a graph that illustrates the relationship 
between OCV actuating current , actuating oil pressure , and 
latch state during another latch transition . 
[ 0097 ] FIG . 17C is a graph that illustrates the relationship 
between valve lift profiles and actuating oil pressure for 
high - lift and low - lift states . 
[ 0098 ] FIG . 18 is a control logic diagram for a DVVL 
system . 
[ 0099 ] FIG . 19 illustrates an exploded view of an exem 
plary switching rocker arm . 
[ 0100 ] FIG . 20 is a chart illustrating oil pressure condi 
tions and oil control valve ( OCV ) states for both low - lift and 
high - lift operation of a DVVL rocker arm assembly . 
[ 0101 ] FIGS . 21 - 22 illustrate graphs showing the relation 
between oil temperature and latch response time . 
[ 0102 ] FIG . 23 is a timing diagram showing available 
switching windows for an exemplary DVVL switching 
rocker arm , in a 4 - cylinder engine , with actuating oil pres 
sure controlled by two OCV ' s each controlling two cylin 
ders . 

[ 0103 ] FIG . 24 is a side cutaway view of a DVVL switch 
ing rocker arm illustrating latch pre - loading prior to switch 
ing from high - lift to low - lift . 
[ 0104 ] FIG . 25 is a side cutaway view of a DVVL switch 
ing rocker arm illustrating latch pre - loading prior to switch 
ing from low - lift to high - lift . 
[ 0105 ] FIG . 25A is a side cutaway view of a DVVL 
switching rocker arm illustrating a critical shift event when 
switching between low - lift and high - lift . 
[ 0106 ] FIG . 26 is an expanded timing diagram showing 
available switching windows and constituent mechanical 
switching times for an exemplary DVVL switching rocker 
arm , in a 4 - cylinder engine , with actuating oil pressure 
controlled by two OCV ' s each controlling two cylinders . 
[ 0107 ] FIG . 27 illustrates a perspective view of an exem 
plary switching rocker arm . 
[ 0108 ] FIG . 28 illustrates a top - down view of exemplary 
switching rocker arm . 
[ 0109 ] FIG . 29 illustrates a cross - section view taken along 
line 29 - 29 in FIG . 28 . 
[ 0110 ] FIGS . 30A - 30B illustrate a section view of an 
exemplary torsion spring . 
[ 0111 ] FIG . 31 illustrates a bottom perspective view of the 
outer arm . 
10112 ] FIG . 32 illustrates a cross - sectional view of the 
latching mechanism in its latched state along the line 32 , 
33 - 32 , 33 in FIG . 28 . 
[ 0113 ] FIG . 33 illustrates a cross - sectional view of the 
latching mechanism in its unlatched state . 
[ 0114 ] FIG . 34 illustrates an alternate latch pin design . 
[ 0115 ] FIGS . 35A - 35F illustrate several retention devices 
for orientation pin . 
10116 ] . FIG . 36 illustrates an exemplary latch pin design . 
10117 ] FIG . 37 illustrates an alternative latching mecha 
nism . 
[ 0118 ] FIGS . 38 - 40 illustrate an exemplary method of 
assembling a switching rocker arm . 
[ 0119 ] FIG . 41 illustrates an alternative embodiment of 
pin . 
[ 0120 ] FIG . 42 illustrates an alternative embodiment of a 
pin . 
[ 0121 ] FIG . 43 illustrates the various lash measurements 
of a switching rocker arm . 
[ 0122 ] FIG . 44 illustrates a perspective view of an exem 
plary inner arm of a switching rocker arm . 
[ 0123 ] FIG . 45 illustrates a perspective view from below 
of the inner arm of a switching rocker arm . 
( 0124 ] FIG . 46 illustrates a perspective view of an exem 
plary outer arm of a switching rocker arm . 
[ 0125 ] FIG . 47 illustrates a sectional view of a latch 
assembly of an exemplary switching rocker arm . 
[ 0126 ] FIG . 48 is a graph of lash vs . camshaft angle for a 
switching rocker arm . 
[ 0127 ] FIG . 49 illustrates a side cut - away view of an 
exemplary switching rocker arm assembly . 
[ 0128 ] FIG . 50 illustrates a perspective view of the outer 
arm with an identified region of maximum deflection when 
under load conditions . 
[ 0129 ] FIG . 51 illustrates a top view of an exemplary 
switching rocker arm and three - lobed cam . 
[ 0130 ] FIG . 52 illustrates a section view along line 52 - 52 
in of FIG . 51 of an exemplary switching rocker arm . 

exem 
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[ 0131 ] FIG . 53 illustrates an exploded view of an exem 
plary switching rocker arm , showing the major components 
that affect inertia for an exemplary switching rocker arm 
assembly . 
[ 0132 ] FIG . 54 illustrates a design process to optimize the 
relationship between inertia and stiffness for an exemplary 
switching rocker assembly . 
[ 0133 ] FIG . 55 illustrates a characteristic plot of inertia 
versus stiffness for design iterations of an exemplary switch - 
ing rocker arm assembly . 
[ 0134 ] FIG . 56 illustrates a characteristic plot showing 
stress , deflection , loading , and stiffness versus location for 
an exemplary switching rocker arm assembly . 
10135 ) FIG . 57 illustrates a characteristic plot showing 
stiffness versus inertia for a range of exemplary switching 
rocker arm assemblies . 
[ 0136 ] FIG . 58 illustrates an acceptable range of discrete 
values of stiffness and inertia for component parts of mul 
tiple DVVL switching rocker arm assemblies . 
[ 0137 ] FIG . 59 is a side cut - away view of an exemplary 
switching rocker arm assembly including a DFHLA and 
valve . 
[ 0138 ] FIG . 60 illustrates a characteristic plot showing a 
range of stiffness values versus location for component parts 
of an exemplary switching rocker arm assembly . 
[ 0139 ] FIG . 61 illustrates a characteristic plot showing a 
range of mass distribution values versus location for com 
ponent parts of an exemplary switching rocker arm assem 
bly . 
[ 0140 ] FIG . 62 illustrates a test stand measuring latch 
displacement . 
( 0141 ] FIG . 63 is an illustration of a non - firing test stand 
for testing switching rocker arm assembly . 
[ 0142 ] FIG . 64 is a graph of valve displacement vs . 
camshaft angle . 
[ 0143 ] FIG . 65 illustrates a hierarchy of key tests for 
testing the durability of a switching roller finger follower 
( SRFF ) rocker arm assembly . 
[ 0144 ] FIG . 66 shows the test protocol in evaluating the 
SRFF over an Accelerated System Aging test cycle . 
[ 0145 ] FIG . 67 is a pie chart showing the relative testing 
time for the SRFF durability testing . 
[ 0146 ] FIG . 68 shows a strain gage that was attached to 
and monitored the SRFF during testing . 
[ 0147 ] FIG . 69 is a graph of valve closing velocity for the 
Low Lift mode . 
[ 0148 ] FIG . 70 is a valve drop height distribution . 
[ 0149 ] FIG . 71 displays the distribution of critical shifts 
with respect to camshaft angle . 
[ 0150 ] FIG . 72 show an end of a new outer arm before use . 
[ 0151 ] FIG . 73 shows typical wear of the outer arm after 
use . 
[ 0152 ] FIG . 74 illustrates average Torsion Spring Load 
Loss at end - of - life testing . 
[ 0153 ] FIG . 75 illustrates the total mechanical lash change 
of Accelerated System Aging Tests . 
[ 0154 ] FIG . 76 illustrates end - of - life slider pads with the 
DLC coating , exhibiting minimal wear . 
[ 0155 ] FIG . 77 is a camshaft surface embodiment employ 
ing a crown shape . 
[ 0156 ] FIG . 78 illustrates a pair of slider pads attached to 
a support rocker on a test coupon . 
[ 0157 ] FIG . 79A illustrates DLC coating loss early in the 
testing of a coupon . 

[ 0158 ] FIG . 79B shows a typical example of one of the 
coupons tested at the max design load with 0 . 2 degrees of 
included angle . 
101591 . FIG . 80 is a graph of tested stress level vs . engine 
lives for a test coupon having DLC coating . 
0160 ] FIG . 81 is a graph showing the increase in engine 
lifetimes for slider pads having polished and non - polished 
surfaces prior to coating with a DLC coating . 
( 0161 ] FIG . 82 is a flowchart illustrating the development 
of the production grinding and polishing processes that took 
place concurrently with the testing . 
[ 0162 ] FIG . 83 shows the results of the slider pad angle 
control relative to three different grinders . 
0163 ] FIG . 84 illustrates surface finish measurements for 
three different grinders . 
[ 0164 ] FIG . 85 illustrates the results of six different fix 
tures to hold the outer arm during the slider pad grinding 
operations . 
[ 0165 ] FIG . 86 is a graph of valve closing velocity for the 
High Lift mode . 
[ 0166 ] FIG . 87 illustrates durability test periods . 
[ 0167 ] FIG . 88 shows a perspective view of an exemplary 
CDA - 1L layout . 
[ 0168 ] FIG . 89 A shows a partial cut - away side elevational 
view of an exemplary SRFF - 1L system with a latch mecha 
nism and roller bearing . 
10169 ) FIG . 89B shows a front elevation view of the 
exemplary SRFF - 1L system of FIG . 89A . 
[ 0170 ] FIG . 90 is an engine layout showing an exemplary 
SRFF - 1L rocker assembly on the exhaust and intake valves . 
[ 0171 ] FIG . 91 shows a hydraulic fluid control system . 
[ 0172 ] FIG . 92 shows an exemplary SRFF - 1L system in 
operation exhibiting normal - lift engine valve operation . 
10173 ] FIGS . 93A , 93B and 93C show an exemplary 
SRFF - 1L system in operation exhibiting no - lift engine valve 
operation . 
101741 FIG . 94 shows an example switching window . 
[ 0175 ] FIG . 95 shows the effect of camshaft phasing on 
the switching window . 
[ 0176 ] FIG . 96 shows latch response times for an embodi 
ment of the SRFF - 1 system . 
[ 0177 ) FIG . 97 is a graph showing a switching window 
times above 40 degrees C . for an exemplary SRFF - 1 system . 
01781 . FIG . 98 is a graph showing a switching window 
times taking into account camshaft phasing and oil tempera 
ture for an exemplary SRFF - 1 system . 
10179 ] FIG . 99 illustrates an exemplary SRFF - 1L rocker 
arm assembly . 
[ 0180 ] FIG . 100 illustrates an exploded view of the exem 
plary SRFF - 1L rocker arm assembly of FIG . 99 . 
[ 0181 ] FIG . 101 illustrates a side view of an exemplary 
SRFF - 1L rocker arm assembly , including DFHLA , valve 
stem , and cam lobe . 
[ 0182 ] FIG . 102 illustrates an end view of an exemplary 
SRFF - 1L rocker arm assembly , including DFHLA , valve 
stem , and cam lobe . 
[ 0183 ] FIG . 103 shows latch re - engagement features in 
case of pressure loss . 
[ 0184 ] FIG . 104 shows camshaft alignment of an exem 
plary SRFF - 1L system . 
101851 . FIG . 105 shows forces acting on an RFF employ 
ing hydraulic lash adjusters . 
[ 0186 ] FIG . 106 shows a force balance for an exemplary 
SRFF - 1L system in a “ no - lift mode . 
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[ 0187 ] FIG . 107 is a table showing oil pressure require 
ments for an exemplary SRFF - 1 system . 
101881 FIG . 108 shows mechanical lash for an exemplary 
SRFF - 1 system . 
10189 ] FIG . 109 shows camshaft lift profiles for a three 
lobe CDA system versus an exemplary SRFF - 1L system . 
[ 0190 ] FIG . 110 is a graphic representation of stiffness vs . 
moment of inertia for multiple rocker arm designs . 
[ 0191 ] FIG . 111 illustrates the resultant seating closing 
velocity of an intake valve of an exemplary SRFF - 1L 
system . 
[ 0192 ] FIG . 112 is a table showing a torsion spring test 
summary . 
[ 0193 ] FIG . 113 is a graph showing displacements and 
pressures during a “ pump - up ' test . 
[ 0194 ] FIG . 114 shows durability and lash change over a 
specified testing period for an exemplary STFF - 1L system . 
[ 0195 ] FIG . 115 is a front perspective view of an exem 
plary switching rocker arm constructed in accordance to one 
example of the present disclosure ; 
[ 0196 ] FIG . 116 is an exploded perspective view of an 
exemplary outer arm , inner arm and latch pin during a size 
and sort process according to one prior art example ; 
[ 0197 ] FIG . 117 is a side view of an exemplary kidney 
bean indention step according to the present disclosure ; 
[ 0198 ] FIG . 118 is a side view of an exemplary latch 
indention step according to the present disclosure ; 
[ 0199 ] FIG . 119 a perspective view of an exemplary 
kidney bean indention fixture assembly constructed in accor 
dance to one example of the present disclosure ; 
[ 0200 ] FIG . 120 is a cross - sectional view of the kidney 
bean indention fixture assembly of FIG . 119 ; 
[ 0201 ) FIG . 121 is a perspective detail view of a tungsten 
axle indenting a surface that defines the kidney bean aper 
ture ; 
[ 0202 ] FIG . 122 is a perspective view of a latch indention 
fixture assembly constructed in accordance to one example 
of the present disclosure ; 
[ 0203 ] FIG . 123 is a cross - sectional view of the latch 
indention fixture assembly of FIG . 122 , and 
10204 ] FIG . 124 is perspective detail view of the inner arm 
contacting the fixture base of the latch indention fixture 
assembly of FIG . 122 . 

( DFHLA ) , and oil control valves ( OCV ) is described in 
following sections as it would be installed on an intake valve 
in a Type II valve train . In alternate embodiments , this 
arrangement can be applied to any combination of intake or 
exhaust valves on a piston - driven internal combustion 
engine . 
[ 0208 ] As illustrated in FIG . 2 , the exhaust valve train in 
this embodiment comprises a fixed rocker arm 810 , single 
lobe camshaft 811 , a standard hydraulic lash adjuster ( HLA ) 
812 , and an exhaust valve 813 . As shown in FIGS . 2 and 3 , 
components of the intake valve train include the three - lobe 
camshaft 102 , switching rocker arm assembly 100 , a dual 
feed hydraulic lash adjuster ( DFHLA ) 110 with an upper 
fluid port 506 and a lower fluid port 512 , and an electro 
hydraulic solenoid oil control valve assembly ( OCV ) 820 . 
The OCV 820 has an inlet port 821 , and a first and second 
control port 822 , 823 respectively . 
[ 0209 ] Referring to FIG . 2 , the intake and exhaust valve 
trains share certain common geometries including valve 813 
spacing to HLA 812 and valve spacing 112 to DFHLA 110 . 
Maintaining a common geometry allows the DVVL system 
to package with existing or lightly modified Type II cylinder 
head space while utilizing the standard chain drive system . 
Additional components , illustrated in FIG . 4 , that are com 
mon to both the intake and exhaust valve train include valves 
112 , valve springs 114 , and valve spring retainers 116 . Valve 
keys and valve stem seals ( not shown ) are also common for 
both the intake and exhaust . Implementation cost for the 
DVVL system is minimized by maintaining common geom 
etries , using common components . 
[ 0210 ] The intake valve train elements illustrated in FIG . 
3 work in concert to open the intake valve 112 with either 
high - lift camshaft lobes 104 , 106 or a low - lift camshaft lobe 
108 . The high - lift camshaft lobes 104 , 106 are designed to 
provide performance comparable to a fixed intake valve 
train , and are comprised of a generally circular portion 
where no lift occurs , a lift portion , which may include a 
linear lift transition portion , and a nose portion that corre 
sponds to maximum lift . The low - lift camshaft lobe 108 
allows for lower valve lift and early intake valve closing . 
The low - lift camshaft lobe 108 also comprises a generally 
circular portion where no lift occurs , a generally linear 
portion were lift transitions , and a nose portion that corre 
sponds to maximum lift . The graph in FIG . 5 shows a plot 
of valve lift 818 versus crank angle 817 . The cam shaft 
high - lift profile 814 and the fixed exhaust valve lift profile 
815 are contrasted with low - lift profile 816 . The low - lift 
event illustrated by profile 816 reduces both lift and duration 
of the intake event during part throttle operation to decrease 
throttling losses and realize a fuel economy improvement . 
This is also referred to as early intake valve closing , or 
EIVC . When full power operation is needed , the DVVL 
system returns to the high - lift profile 814 , which is similar 
to a standard fixed lift event . Transitioning from low - lift to 
high - lift and vice versa occurs within one camshaft revolu 
tion . The exhaust lift event shown by profile 815 is fixed and 
operates in the same way with either a low - lift or high - lift 
intake event . 
10211 ] The system used to control DVVL switching uses 
hydraulic actuation . A schematic depiction of a hydraulic 
control and actuation system 800 that is used with embodi 
ments of the teachings of the present application is shown in 
FIG . 6 . The hydraulic control and actuation system 800 is 
designed to deliver hydraulic fluid , as commanded by con 

m 

DETAILED DESCRIPTION 
[ 0205 ) The terms used herein have their common and 
ordinary meanings unless redefined in this specification , in 
which case the new definitions will supersede the common 
meanings . 
[ 02061 VVA SYSTEM EMBODIMENTS — VVA system 
embodiments represent a unique combination of a switching 
device , actuation method , analysis and control system , and 
enabling technology that together produce a VVA system . 
VVA system embodiments may incorporate one or more 
enabling technologies . 

I . Discrete Variable Valve Lift ( DVVL ) System 
Embodiment Description 

1 . DVVL System Overview 
[ 0207 ] A cam - driven , discrete variable valve lift ( DVVL ) , 
switching rocker arm device that is hydraulically actuated 
using a combination of dual - feed hydraulic lash adjusters 



US 2018 / 0058276 A1 Mar . 1 , 2018 

trolled logic , to mechanical latch assemblies that provide for 
switching between high - lift and low - lift states . An engine 
control unit 825 controls when the mechanical switching 
process is initiated . The hydraulic control and actuation 
system 800 shown is for use in a four cylinder in - line Type 
II engine on the intake valve train described previously , 
though the skilled artisan will appreciate that control and 
actuation system may apply to engines of other “ Types ” and 
different numbers of cylinders . 
0212 ] Several enabling technologies previously men 

tioned and used in the DVVL system described herein may 
be used in combination with other DVVL system compo 
nents described herein thus rending unique combinations , 
some of which will be described herein : 

as 

2 . DVVL System Enabling Technologies 
[ 0213 ] Several technologies used in this system have 
multiple uses in varied applications ; they are described 
herein as components of the DVVL system disclosed herein . 
These include : 
[ 0214 ] 2 . 1 . Oil Control Valve ( OCV ) and Oil Control 
Valve Assemblies 
[ 0215 ] Now , referring to FIGS . 7 - 9 , an OCV is a control 
device that directs or does not direct pressurized hydraulic 
fluid to cause the rocker arm 100 to switch between high - lift 
mode and low - lift mode . OCV activation and deactivation is 
caused by a control device signal 866 . One or more OCVS 
can be packaged in a single module to form an assembly . In 
one embodiment , OCV assembly 820 is comprised of two 
solenoid type OCV ' s packaged together . In this embodi 
ment , a control device provides a signal 866 to the OCV 
assembly 820 , causing it to provide a high pressure ( in 
embodiments , at least 2 Bar of oil pressure ) or low pressure 
( in embodiments , 0 . 2 - 0 . 4 Bar ) oil to the oil control galleries 
802 , 803 causing the switching rocker arm 100 to be in either 
low - lift or high - lift mode , as illustrated in FIGS . 8 and 9 
respectively . Further description of this OCV assembly 820 
embodiment is contained in following sections . 
[ 0216 ] 2 . 2 . Dual Feed Hydraulic Lash Adjuster ( DFHLA ) : 
[ 0217 ] Many hydraulic lash adjusting devices exist for 
maintaining lash in engines . For DVVL switching of rocker 
arm 100 ( FIG . 4 ) , traditional lash management is required , 
but traditional HLA devices are insufficient to provide the 
necessary oil flow requirements for switching , withstand the 
associated side - loading applied by the assembly 100 during 
operation , and fit into restricted package spaces . A compact 
dual feed hydraulic lash adjuster 110 ( DFHLA ) , used 
together with a switching rocker arm 100 is described , with 
a set of parameters and geometry designed to provide 
optimized oil flow pressure with low consumption , and a set 
of parameters and geometry designed to manage side load 
ing . 
[ 0218 ] As illustrated in FIG . 10 , the ball plunger end 601 
fits into the ball socket 502 that allows rotational freedom of 
movement in all directions . This permits side and possibly 
asymmetrical loading of the ball plunger end 601 in certain 
operating modes , for example when switching from high - lift 
to low - lift and vice versa . In contrast to typical ball end 
plungers for HLA devices , the DFHLA 110 ball end plunger 
601 is constructed with thicker material to resist side load 
ing , shown in FIG . 11 as plunger thickness 510 . 
[ 0219 ] Selected materials for the ball plunger end 601 may 
also have higher allowable kinetic stress loads , for example , 
chrome vanadium alloy . 

[ 0220 ] Hydraulic flow pathways in the DFHLA 110 are 
designed for high flow and low pressure drop to ensure 
consistent hydraulic switching and reduced pumping losses . 
The DFHLA is installed in the engine in a cylindrical 
receiving socket sized to seal against exterior surface 511 , 
illustrated in FIG . 11 . The cylindrical receiving socket 
combines with the first oil flow channel 504 to form a closed 
fluid pathway with a specified cross - sectional area . 
10221 ] As shown in FIG . 11 , the preferred embodiment 
includes four oil flow ports 506 ( only two shown ) as they are 
arranged in an equally spaced fashion around the base of the 
first oil flow channel 504 . Additionally , two second oil flow 
channels 508 are arranged in an equally spaced fashion 
around ball end plunger 601 , and are in fluid communication 
with the first oil flow channel 504 through oil ports 506 . Oil 
flow ports 506 and the first oil flow channel 504 are sized 
with a specific area and spaced around the DFHLA 110 body 
to ensure even flow of oil and minimized pressure drop from 
the first flow channel 504 to the third oil flow channel 509 . 
The third oil flow channel 509 is sized for the combined oil 
flow from the multiple second oil flow channels 508 . 
[ 0222 ] 2 . 3 . Diamond - Like Carbon Coating ( DLC ) 
[ 0223 ] A diamond - like carbon coating ( DLC ) coating is 
described that can reduce friction between treated parts , and 
at the same provide necessary wear and loading character 
istics . Similar coating materials and processes exist , none 
are sufficient to meet many of the requirements encountered 
when used with VVA systems . For example , 1 ) be of 
sufficient hardness , 2 ) have suitable loadbearing capacity , 3 ) 
be chemically stable in the operating environment , 4 ) be 
applied in a process where temperatures do not exceed part 
annealing temperatures , 5 ) meet engine lifetime require 
ments , and 6 ) offer reduced friction as compared to a steel 
on steel interface . 
[ 0224 ] A unique DLC coating process is described that 
meets the requirements set forth above . The DLC coating 
that was selected is derived from a hydrogenated amorphous 
carbon or similar material . The DLC coating is comprised of 
several layers described in FIG . 12 . 

[ 0225 ] 1 . The first layer is a chrome adhesion layer 701 
that acts as a bonding agent between the metal receiv 
ing surface 700 and the next layer 702 . 

[ 0226 ] 2 . The second layer 702 is chrome nitride that 
adds ductility to the interface between the base metal 
receiving surface 700 and the DLC coating . 

( 02271 3 . The third layer 703 is a combination of 
chrome carbide and hydrogenated amorphous carbon 
which bonds the DLC coating to the chrome nitride 
layer 702 . 

[ 0228 ] 4 . The fourth layer 704 is comprised of hydro 
genated amorphous carbon that provides the hard func 
tional wear interface . 

10229 . The combined thickness of layers 701 - 704 is 
between two and six micrometers . The DLC coating cannot 
be applied directly to the metal receiving surface 700 . To 
meet durability requirements and for proper adhesion of the 
first chrome adhesion layer 701 with the base receiving 
surface 700 , a very specific surface finish mechanically 
applied to the base layer receiving surface 700 . 
[ 0230 ] 2 . 4 Sensing and Measurement 
[ 0231 ] Information gathered using sensors may be used to 
verify switching modes , identify error conditions , or provide 










































































