I*I Innovation, Sciences et Innovation, Science and CA 3019559 A1 2017/10/05
Développement economique Canada Economic Development Canada
en 3 019 559

Office de la Propriéte Intellectuelle du Canada Canadian Intellectual Property Office

122 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION

13) A1

(86) Date de dép6t PCT/PCT Filing Date: 2017/03/30 (51) Cl.Int./Int.Cl. FOZB 75/32(2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/10/05 FO25 r5/02(2000.01), FOZB 75/26(2006.01)

: : - _ (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2018/09/238 YAN ENGINES, LTD. GB
(86) N° demande PCT/PCT Application No.: GB 201/7/050895

(72) Inventeurs/Inventors:

(87) N publication PCT/PCT Publication No.: 2017/168158 YAN. HAILUAT D., GB:
(30) Priorité/Priority: 2016/04/01 (GB1605580.8) SIMMONS, GREGORY CARLYON, GB;

GLOVER, JAMES PETER, GB
(74) Agent: RIDOUT & MAYBEE LLP

(54) Titre : ENSEMBLE CAME DE GUIDAGE POUR MOTEURS A CYCLES DE COURSE VARIABLES ET
DIFFERENTIELS

(54) Title: GUIDE CAM ASSEMBLY FOR DIFFERENTIAL AND VARIABLE STROKE CYCLE ENGINES

234
ey —102
201

(57) Abréegée/Abstract:
An engine Includes an engine shaft and a piston configured to reciprocate within a cylinder chamber having an axis, each piston
having an first piston part and piston stem to move Iin unison with or separately from a second piston part to define piston strokes
for different thermal functions of the engine. The engine further includes a linkage assembly having a first end coupled to the
engine and a second end coupled to the piston stem defining a copy point, an actuator that engages the linkage assembly, and a
guide cam that engages a guide cam follower on the linkage assembly. The actuator and the guide cam are operable to control
motion of the linkage assembly to thereby define substantially linear movement of the copy point along the cylinder chamber axis.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



w0 2017/1681:58 A1 |[HJ| ]! AR AR 01 R A A

(43) International Publication Date

CA 03019559 2018-09-28

(19) World Intellectual Property
Organization
International Burecau

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2017/168158 Al

5 October 2017 (05.10.2017) WIRPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
FO2B 75/32 (2006.01) FO02B 75/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
FO2B 75/28 (2006.01) AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
1) Tut tional Aoplication Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(41) International Application Number: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
PLL/GBZ20L 7050895 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(22) International Filing Date: KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
30 March 2017 (30.03.2017) MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
. NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
(25) Filing Language: English RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
ZA, ZM, ZW.
(30) Priority Data: . o
1605580 8 I April 2016 (01.04.2016) GB (84) Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
(71) Applicant: YAN ENGINES, LTD. [GB/GB]; 3rd Floor, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Queensbury House, 106 Queens Road, Brighton, East Sus- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
sex BN1 3XF (GB). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
(72) Inventors: YAN, Hailuat D.; 179 Kinloch Court, Austin, DK, EE, ES, KL FR, GB, GR, HR, HU, 1E, IS, 11, LT, LU,
Texas 78737 (GB). SIMMONS, Gregory Carlyon; 22 In- wv, MC, MK, MI, NL, NO, L, P, RO, K5, SE, 51, 5K,
. SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
wood Crescent, Brighton, East Sussex BN1 5AQ (GB). GW, KM, ML, MR, NE, SN, TD, TG)
GLOVER, James Peter; 115 South Western House, ’ ’ ’ S '
Southampton, Hampshire SO14 3AL (GB). Published:
(74) Agents: BAKER, Anton et al.; D Young & Co LLP, 120 —  with infernational search report (Art. 21(3))

Holborn, London ECIN 2DY (GB).

(34) Title: GUIDE CAM ASSEMBLY FOR DIFFERENTIAL AND VARIABLE STROKE CYCLE ENGINES

210

(57) Abstract: An engine includes an engine shaft and a piston configured to reciprocate within a cylinder chamber having an axis,
cach piston having an first piston part and piston stem to move 1n unison with or separately from a second piston part to detine pis -
ton strokes for different thermal functions of the engine. The engine further includes a linkage assembly having a first end coupled to
the engine and a second end coupled to the piston stem defining a copy point, an actuator that engages the linkage assembly, and a
guide cam that engages a guide cam follower on the linkage assembly. The actuator and the guide cam are operable to control mo-
tion of the linkage assembly to thereby define substantially linear movement of the copy point along the cylinder chamber axis.



10

15

20

25

CA 03019559 2018-09-28

WO 2017/168158 PCT/GB2017/050895

GUIDE CAM ASSEMBLY FOR DIFFERENTIAL AND VARIABLE STROKE
CYCLE ENGINES

FIELD

Embodiments disclosed herein relate to internal combustion engines, and in particular,
piston internal combustion engines. More particularly, embodiments disclosed herein relate to a
guide cam assembly for guiding components of two-part pistons in differential and variable-

stroke cycle internal combustion engines.

BACKGROUND AND SUMMARY

The internal combustion engine 1s an engine where the combustion of a fuel occurs with
an oxidizer in a combustion chamber that 1s an integral part of the working tluid flow circuit. In
an 1nternal combustion engine the expansion of the high-temperature and high-pressure gases
produced by combustion apply direct force to some component ot the engine, typically a piston.
This force moves the component over a distance, transtorming chemical energy into usetul
mechanical energy.

In one aspect, embodiments disclosed herein relate to an engine having an engine shaft
and a piston configured to reciprocate within a cylinder chamber having an axis, each piston
having an first piston part and piston stem to move in unison with or separately from a second
piston part to define piston strokes for different thermal functions of the engine. The engine
further includes a linkage assembly having a first end coupled to the engine and a second end
coupled to the piston stem defining a copy point, an actuator that engages the linkage assembly,
and a guide cam that engages a guide cam follower on the linkage assembly. The actuator and
the guide cam are operable to control motion of the linkage assembly to thereby define

substantially linear movement of the copy point along the cylinder chamber axis.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s 1llustrated 1n the accompanying drawings wherein,

Figure 1 1llustrates a schematic view of one embodiment of a guide cam assembly.

Figure 2 1llustrates a top view of an embodiment of coaxial actuator and guide cams of a
guide cam assembly.

Figure 3 1llustrates a schematic view of an alternate embodiment of a guide cam assembly
incorporating a pantographic linkage assembly.

Figure 4 1llustrates a schematic view an alternate embodiment of a guide cam assembly
Incorporating a movable fulcrum.

Figure 5 1illustrates a schematic view of an alternate embodiment of a guide cam

assembly.

DETAILED DESCRIPTION

Embodiments disclosed herein relate to a guide cam assembly for guiding components of
two-part pistons 1n differential and variable-stroke internal combustion engines. The engine
typically includes an engine block having one or more cylinder bores and two-part pistons
therein. Each two-part piston includes an upper or first piston part and a lower or second piston
part which are separable from each other. The upper piston part 1s 1n sliding contact (or abutting)
engagement with a respective cylinder bore wall and configured to at certain times engage the
lower piston part. A piston stem 1s coupled at a first end to the upper piston part, and 1s hingedly
(or pivotally) coupled at a second end to a linkage assembly. The hinged coupling (pivotal
junction) may define a ‘copy’ point.

The guide cam assembly may include an actuator that engages the linkage assembly and
thereby effects or controls vertical movement of the piston stem. In one embodiment, the
actuator may be an actuator cam configured to engage an actuator cam follower on the linkage

2
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assembly and thereby ettect or control vertical movement of the piston stem. In turn, the piston
stem effects or controls vertical movement of the upper piston part, which 1s also constrained by
the cylinder bore wall. Alternatively, an electronic actuator may be used to effect or control
vertical movement of the first piston part. Other actuation mechanisms may also be used
including, but not limited to, an electromechanical actuator operable independently of the engine
shaft, or a hydraulic actuator. Yet other actuation mechanisms may include means controlled
electronically during engine operation such as electro-mechanical, electromagnetic, hydraulic,
pneumatic or devices controlled via electronic circuit or solenoid.

The guide cam assembly further generally includes a guide cam configured to engage a
guide cam follower at a different location on the linkage assembly and thereby control lateral
movement of the piston stem. In turn, the piston stem controls lateral movement of the upper
piston part, which 1s also constrained by the cylinder bore wall. One or more return mechanisms
may be disposed at locations on the linkage assembly to bias the linkage assembly 1n a direction
substantially opposite the mating engagement between respective cams and cam followers. A
return mechanism may include a spring, a cam, an electro-mechanical actuator, a hydraulic
actuator, a pneumatic actuator, or an electromagnetic actuator. In certain embodiments, multiple
actuator and guide cams are coaxial, but are not required to be, and 1n other embodiments the
multiple cams are not coaxial. Cam lobes or lobe protiles ot any of the cams may be optimized
to provide various different movements of the linkage assembly to in turn control movement of
the copy point and piston stem, and thereby the first piston part.

Figure 1 illustrates a schematic view of one embodiment of a guide cam assembly. The
variable-stroke cycle internal combustion engine typically includes an engine block 210 having

one or more cylinder bores 212, and an upper or first piston part 220 located within each of the
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one or more cylinder bores 212. The upper piston part 220 may be in sliding contact (or
abutting) engagement with a respective cylinder bore wall 213. The upper piston part 220 1s
configured to at certain times engage a lower or second piston part 222. A piston stem 230 1s
coupled at a first end 232 to the upper piston part 220, and 1s hingedly (or pivotally) coupled at a
second end 234 to a piston lever-link bar 110. The hinged coupling (pivotal junction) may
define a ‘copy’ point 102.

The guide cam assembly includes a linkage assembly comprising a lever-link-bar 110 and
fulcrum-link bar 112 coupled together at common ends 120. At an opposite end trom this
coupling 120, the lever-link bar 110 1s coupled to the piston stem 230 at the copy point 102, and
the fulcrum-link bar 112 1s hingedly coupled to the engine block 210 at a first hinge junction
104. The hinged coupling (pivotal junction) defines an ‘anchor’ (or attachment) point 104. The
guide cam assembly further includes 1) an actuator cam 250 configured to engage an actuator
cam follower 252 on the lever-link bar 110 and thereby control vertical movement ot the piston
stem 230, which 1n turn controls vertical movement of the first piston part 220; and 2) a guide
cam 260 configured to engage a guide cam follower 262 on the fulcrum-link bar 112 and thereby
control lateral movement of the piston stem 230, which in turn controls lateral movement of the
first piston part 220. One or more return mechanisms 254, 264 may be disposed at locations on
the lever-link bar 110 and tulcrum-link bar 112, respectively, to bias each link 1n a direction
substantially opposite the mating engagement between respective cams and cam followers.
Figure 2 1llustrates a top view of coaxial actuator and guide cams of the guide cam assembly
arranged on a common shaft.

Figure 3 illustrates a schematic view of another embodiment of a guide cam assembly.

The guide cam assembly incorporates a linkage assembly (e.g., a tour-bar-linkage) including a
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portion 111 of the piston lever-link-bar 110, a fulcrum-link bar 112, a force-link bar 114, and a
rocker-link bar 118. In defining and locating the four-bar-linkage, the linkage assembly may be
hingedly coupled to the engine block 210 at a first hinge junction 104 of a first end of the
fulcrum-link bar 112 and a first end of the rocker-link bar 118. The hinged coupling (pivotal
junction) defines an ‘anchor’ (or attachment) point 104. The four-bar-linkage turther includes a
second hinge junction 122 of a second end of the fulcrum-link bar 112 and a first end of the
portion 111 ot the piston lever-link-bar 110, a third hinge junction 124 of a second end of the
rocker-link bar 118 and a first end of the force-link bar 114, and a fourth hinge junction 126 of a
second end of the force-link bar 114 and a second end of the portion 111 of the piston lever-link-
bar 110.

The guide cam assembly further includes 1) an actuator cam 250 configured to engage an
actuator cam follower 252 on the lever-link bar 110 and thereby control vertical movement of the
piston stem 230, which 1n turn controls vertical movement of the first piston part 220; and 2) a
guide cam 260 configured to engage a guide cam follower 262 on the force-link bar 114 and
thereby control lateral movement of the piston stem 230, which in turn controls lateral movement
of the first piston part 220. The guide cam tfollower 262 1s coupled (tor example rotatably or
pivotally) to the force-link bar 114 at an “origin” point (or axis) 106. The “origin” point 106 1s
located at the intersection between the force-link bar 114 and an 1maginary line — indicated by
line 108 — defined between the ‘copy’ point 102 and the ‘anchor’ point 104. One or more return
mechanisms 254, 264 may be disposed at locations on the lever-link bar 110 and force-link bar
114, respectively, to bias each link 1n a direction substantially opposite the mating engagement

between respective cams and cam followers.
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The four-bar-linkage of the guide apparatus 100 may be configured to form a
pantographic assembly or apparatus. It will be understood by those skilled in the art that a
pantographic assembly may be formed from mechanical linkages connected 1n a manner based
on parallelograms, such that movement of one point of the assembly (for example, the “origin™
point 106) produces respective (and possibly scaled) movements in a second point of the
assembly (for example, the ‘copy’ point 102).

Figure 4 1illustrates a schematic view of yet another embodiment of a guide cam
assembly. The guide cam assembly incorporates a movable fulcrum at one end of the lever-link
bar. A lever-link bar 110 1s coupled at a first end to a cam follower 262 configured as the
movable fulcrum, and at a second end to the first piston part 220 by way of the piston stem 230
at a copy point 102. The movable cam follower 262 may be configured to move 1n any direction.
Preferably, the movable cam follower 262 may move 1n a direction substantially perpendicular to
the cylinder axis 201. The guide cam assembly further includes 1) an actuator cam 2350
configured to engage an actuator cam tollower 252 on the lever-link bar 110 and thereby control
vertical movement ot the piston stem 230, which 1n turn controls vertical movement of the first
piston part 220; and 2) a guide cam 260 configured to engage the movable cam follower 262 and
thereby control lateral movement of the piston stem 230, which in turn controls lateral movement
of the first piston part 220. A return mechanism 254 may be disposed at a location on the lever-
link bar 110 to bias the lever-link bar 110 1n a direction substantially opposite the mating
engagement between the actuator cam 250 and cam follower 252.

Figure 5 1llustrates a schematic view of yet another embodiment of a guide cam
assembly. The guide cam assembly includes a linkage assembly comprising a lever-link-bar 110

and fulcrum-link bar 112 coupled together at common ends 120. At an opposite end from this
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coupling 120, the lever-link bar 110 1s coupled to the piston stem 230 at the copy point 102, and
the fulcrum-link bar 112 1s hingedly coupled to the engine block 210 at a first hinge junction
104. The hinged coupling (pivotal junction) defines an ‘anchor’ (or attachment) point 104. The
guide cam assembly further includes an actuator 250 configured to engage the lever-link bar 110
and thereby control vertical movement of the piston stem 230, which in turn controls vertical
movement of the first piston part 220. The actuator 250 may be any type of actuator, including
but not limited to, an electronic actuator, an electromechanical actuator operable independently
ot the engine shaft, a hydraulic actuator, a pneumatic actuator, an electro-mechanical actuator, an
electromagnetic actuator, an actuator controlled via electronic circuit or solenoid, or any other
type capable ot effecting movement of the linkage assembly. The guide cam assembly further
includes a guide cam 260 configured to engage a guide cam follower 262 on the fulcrum-link bar
112 and thereby control lateral movement ot the piston stem 230, which 1n turn controls lateral
movement of the first piston part 220. The guide cam tfollower 262 may be rigidly coupled to the
fulcrum-link bar 112 by a linkage 263. A return mechanism 254 may be disposed at a location
on the lever-link bar 110 to bias the lever-link bar 1n a direction substantially opposite movement
of the actuator 250. A return mechanism 264 may be disposed at a location on the fulcrum-link
bar 112 to bias the fulcrum-link bar 112 1n a direction substantially opposite the mating
engagement between the guide cam 260 and the guide cam tollower 262.

A method of operating a difterential-stroke or variable-stroke reciprocating internal
combustion engine, the engine having an engine shaft and a piston configured to reciprocate
within a cylinder chamber having an axis, each piston having a first piston part and piston stem
operable to move 1n unison with or separately from a second piston part to define piston strokes

for different thermal functions ot the engine, includes providing a linkage assembly having a first
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end coupled to the engine and a second end coupled to the piston stem defining a copy point, an
actuator that engages the linkage assembly, and a guide cam configured to engage a guide cam
follower on the linkage assembly, wherein the actuator and guide cam are operable to control
motion of the linkage assembly to thereby define substantially linear movement of the copy point
along the cylinder chamber axis.

Reterence throughout this specification to “one embodiment” or “an embodiment™ or
“certain embodiments” means that a particular feature, structure or characteristic described 1n
connection with the embodiment 1s included in at least one embodiment of the present
disclosure. Therefore, appearances of the phrases “in one embodiment”™ or “in an embodiment”™
or “in certain embodiments™ 1n various places throughout this specitication are not necessarily all
referring to the same embodiment, but may. Furthermore, the particular features, structures or
characteristics may be combined 1n any suitable manner, as would be apparent to one of ordinary
skill 1n the art from this disclosure, 1n one or more embodiments.

In the claims below and the description herein, any one of the terms comprising,
comprised of or which comprises 1s an open term that means including at least the
elements/teatures that follow, but not excluding others. Therefore, the term comprising, when
used 1n the claims, should not be interpreted as being limitative to the means or elements or steps
listed thereafter. Any one of the terms including or which includes or that includes as used
herein 1s also an open term that also means including at least the elements/teatures that follow
the term, but not excluding others. Accordingly, including 1s synonymous with and means
comprising.

It should be understood that the term “coupled,” when used 1n the claims, should not be

interpreted as being limitative to direct connections only. “Coupled” may mean that two or more
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elements are either 1n direct physical, or that two or more elements are not 1n direct contact with
each other but yet still cooperate or interact with each other. *“Coupled” may mean a rigid
coupling, hinged coupling, pivotal coupling, and others.

Although one or more embodiments of the present disclosure have been described 1n
detail, 1t will be apparent to those skilled in the art that many embodiments taking a variety of
specific forms and retlecting changes, substitutions and alterations may be made without
departing from the scope of the invention as set out in the claims. The described embodiments

illustrate the scope of the claims but do not restrict the scope ot the claims.
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CLAIMS

1. An engine (210) having an engine shaft and a piston (220, 222) configured to reciprocate
within a cylinder chamber (212) having an axis (201), each piston having an first piston part
(220) and piston stem (230) to move 1n unison with or separately from a second piston part (222)
to define piston strokes for different thermal functions of the engine, the engine comprising:

a linkage assembly (110, 112) having a first end (104) coupled to the engine and a second
end (102) coupled to the piston stem detining a copy point;

an actuator (250) that engages the linkage assembly;

a guide cam (260) that engages a guide cam follower (262) coupled to the linkage
assembly; and

a return mechanism (254) configured to bias movement of the linkage assembly against
one of the actuator or the guide cam (260),

wherein the actuator and the guide cam are operable to control motion of the linkage
assembly to thereby define substantially linear movement of the copy point along the cylinder
chamber axis.
2. The engine of claim 1, wherein the actuator (250) comprises an actuator cam (250) that

engages an actuator cam follower (252) coupled to the linkage assembly (110, 112).

3. The engine of claim 2, wherein the actuator cam (250) and the guide cam (260) are co-
axial.
4. The engine of claim 2 or claim 3, further comprising a return mechanism (254)

configured to bias the linkage assembly in a direction substantially opposite the mating

engagement between the actuator cam (250) and the actuator cam follower (232).

10
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J. The engine of any of claims 2 to 4, wherein the actuator cam (250) 1s contigured to effect
vertical movement of the piston stem (230), which thereby etfects vertical movement of the first
piston part (220).
0. The engine of any preceding claim, wherein the guide cam follower (252) 1s configured
as a fulcrum point movable 1n a direction substantially perpendicular to the cylinder chamber
axis.
7. The engine of claim 6, wherein the linkage assembly turther comprises a four-bar linkage
comprising a piston lever-link-bar (110), a fulcrum-link bar (112), a force-link bar (114), and a
rocker-link-bar (118), wherein said four-bar-linkage 1s defined and located by:

a first hinge junction (104) pivotally coupled to said engine and connecting a first end of
said fulcrum-link bar and a first end of said rocker-link bar;

a second hinge junction (122) connecting a second end ot said fulcrum-link bar and a first
end of said piston lever-link-bar;

a third hinge junction (124) connecting a second end of said rocker-link bar and a first
end of said force-link bar; and

a fourth hinge junction (126) connecting a second end of said force-link bar and a
location on said piston lever-link-bar.
8. The engine of claim 7, wherein the tour-bar linkage defines a pantographic assembly.
9. The engine of any preceding claim, wherein the guide cam (260) 1s configured to control
lateral movement of the piston stem (230), which thereby controls lateral movement of the first

piston part (220).

11
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5 10.  The engine of any of claims 1 to 3 and 5 to 9, wherein the return mechanism (254)
comprises one of a spring, a cam, an electro-mechanical actuator, a hydraulic actuator, a
pneumatic actuator, or an electromagnetic actuator.

11. The engine of claim 1, wherein the actuator comprises one of an electro-mechanical

actuator, a hydraulic actuator, a pneumatic actuator, or an electromagnetic actuator.

10
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