
(12) STANDARD PATENT (11) Application No. AU 2015215028 B2 
(19) AUSTRALIAN PATENT OFFICE 

(54) Title 
Series parallel hydraulic hybrid architecture 

(51) International Patent Classification(s) 
F16H 61/4096 (2010.01) F16H 61/452 (2010.01) 
B60K 6/12 (2006.01) 

(21) Application No: 2015215028 (22) Date of Filing: 2015.02.03 

(87) WIPO No: W015/117964 

(30) Priority Data 

(31) Number (32) Date (33) Country 
61/935,642 2014.02.04 US 

(43) Publication Date: 2015.08.13 
(44) Accepted Journal Date: 2018.07.12 

(71) Applicant(s) 
Dana Italia SpA 

(72) Inventor(s) 
Serrao, Lorenzo;Ornella, Giulio;Cosoli, Ettore 

(74) Agent / Attorney 
Spruson & Ferguson, GPO Box 3898, Sydney, NSW, 2001, AU 

(56) Related Art 
US 2011/0314801 Al 
DE 102006017581 Al 
US 4815334 A 
EP 0615077 Al



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

(19) World Intellectual Property 
Organization 

International Bureau 
(10) International Publication Number 

(43) International Publication Date W O 2015/117964 Al 
13 August 2015 (13.08.2015) W I PO I P CT 

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every 
F16H 61/4096 (2010.01) F16H 61/452 (2010.01) kind of national protection available): AE, AG, AL, AM, 
B60K 6/12 (2006.01) AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, 

) .a BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, 
(21) International Application Number: DO, DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT, 

PCT/EP2015/052215 HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR, 
(22) International Filing Date: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG, 

3 February 2015 (03.02.2015) MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, 
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC, 

(25) Filing Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 

(26) Publication Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(30) Priority Data: (84) Designated States (unless otherwise indicated, for every 

61/935,642 4 February 2014 (04.02.2014) US kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, 

(71) Applicant: DANA ITALIA SPA [If/IT]; LocalitA Lin- TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, 
fano, Zona Industriale, 1-38062 Arco (TN) (IT). TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, 

(72) Inventors: SERRAO, Lorenzo; Strada Granda 3, 1-38069 DK, EE, ES, FI, FR, GB ,R, H, R, IS, IS, ST, L, 

Nago-Torbole (IT). ORNELLA, Giulio; Via Passirone LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, 

35/B, 1-38062 Arco (IT). COSOLI, Ettore; Via Giuseppe SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, 

Ciscato 2, 1-35126 Padova (IT). GW, KM, ML, MR, NE, SN, TD, TG).  

(74) Agent: PFENNING, MEINIG & PARTNER GBR; Published: 

Joachimstaler StraBe 12, 10719 Berlin (DE). - with international search report (Art. 21(3)) 

(54) Title: SERIES PARALLEL HYDRAULIC HYBRID ARCHITECTURE 

(57) Abstract: The invention relates to dual motor hydraulic hybrid transmis 

Y vii? sion (1, 1'), comprising: a power source (2); a hydraulic circuit (3) compris
ing: a hydraulic pump (4) drivingly engaged or selectively drivingly engaged 

HP7 with the power source (2); a first hydraulic displacement unit (5) in fluid 
communication with the hydraulic pump (4); and a second hydraulic dis

W.3 placement unit (6) in fluid communication with the hydraulic pump (4); a hy
draulic accumulator assembly (7) comprising a high pressure accumulator 

y-ft (7a) and a low pressure accumulator (7b), the hydraulic accumulator as
tAt rsembly (7) in fluid communication with the hydraulic circuit (3); one or more 

control valves (PA, PB, VHP, VLP); and an output shaft (11); wherein the 
first hydraulic displacement unit (5) is drivingly engaged or selectively driv

2. inx gly engaged with the output shaft (11), and wherein the second hydraulic 
t ( displacement unit (6) is drivingly engaged or selectively drivingly engaged 

with the output shaft (11); and wherein the control valves (PA, PB, VHP, 
L VLP) are configured to selectively: fluidly connect the hydraulic pump (4) to 

the first hydraulic displacement unit (5) while fluidly disconnecting the hy
a draulic pump (4) from the second hydraulic displacement unit (6); and, sim

2 r. !k42 ultaneously, fluidly connect the hydraulic accumulator assembly (7) to the 
second hydraulic displacement unit (6) while fluidly disconnecting the hy

-& 3. draulic accumulator assembly (7) from first hydraulic displacement unit (5).  
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Series Parallel Hydraulic Hybrid Architecture 

The present invention relates to a hydraulic hybrid transmission, the transmis

sion comprising a hydraulic circuit including a hydraulic pump and two hy
5 draulic displacement units in fluid communication with the hydraulic pump, 

and further comprising a hydraulic accumulator assembly in fluid communica

tion with the hydraulic circuit. Hydraulic hybrid transmission systems of this 

sort may find application in off-highway working machines used in agriculture, 

mining or construction, such as tractors, wheel loaders, wheeled excavators, 
10 backhoe loaders, telehandlers, dumpers, or the like.  

The present application claims priority from U.S. Provisional Patent Applica

tion No. 61/935,642 filed on February 4, 2014, which is hereby incorporated 

by reference in its entirety.  

15 

All hybrid powertrain systems reduce fuel consumption by recuperating kinet

ic energy and by enabling engine power buffering (for example, through opti-
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mal management of a powertrain operating point). For example, a series hydraulic hybrid 

arrangement as known is characterized by a pressure coupling of an accumulator and main lines, 

which means that boosting and regeneration are possible only when the accumulator pressure is 

consistent with the powertrain operating conditions (external load and speed).  

There is a need to design a hydraulic hybrid architecture with improved flexibility in 

regard to the connection of the accumulators to the hydraulic machines.  

It is an object of the invention to address the above need at least to an extent.  

The invention provides a dual motor hydraulic hybrid transmission, comprising: 

a power source; 

a hydraulic circuit comprising: 

a hydraulic pump drivingly engaged or selectively drivingly engaged with the 

power source; 

a first hydraulic displacement unit in fluid communication with the hydraulic 

pump; and 

a second hydraulic displacement unit in fluid communication with the hydraulic 

pump; 

a hydraulic accumulator assembly comprising a high pressure accumulator and a low 

pressure accumulator, the hydraulic accumulator assembly in fluid communication with the 

hydraulic circuit; 

one or more control valves; and 

an output shaft; 

wherein the first hydraulic displacement unit is drivingly engaged or selectively drivingly 

engaged with the output shaft, and wherein the second hydraulic displacement unit is drivingly 

engaged or selectively drivingly engaged with the output shaft; 

wherein the control valves are configured to selectively: 

fluidly connect the hydraulic pump to the first hydraulic displacement unit while 

fluidly disconnecting the hydraulic pump from the second hydraulic displacement unit, 

and, simultaneously, 

fluidly connect the hydraulic accumulator assembly to the second hydraulic 

displacement unit while fluidly disconnecting the hydraulic accumulator assembly from 

first hydraulic displacement unit; and
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wherein the control valves are additionally configured to selectively: 

fluidly connect the hydraulic pump to the second hydraulic displacement unit 

while fluidly disconnecting the hydraulic pump from the first hydraulic displacement unit, 

and, simultaneously, 

fluidly connect the hydraulic accumulator assembly to the first hydraulic 

displacement unit while fluidly disconnecting the hydraulic accumulator assembly from 

second hydraulic displacement unit.  

Within the scope of this document the formulation "in fluid communication with" may 

include at least one of "fluidly connected to" and "selectively fluidly connected to", for example 

through one or more valves.  

The proposed arrangement allows greater freedom in the energy management strategy by 

enabling the use of accumulator power at any level of pressure (or state of charge). For example, 

the advantage of the proposed transmission with respect to the known series hybrid architecture 

is the ability to sum torque at the output shaft at any level of accumulator pressure, thus 

decoupling the accumulator pressure from the output load.  

The power source may be an engine, for example an internal combustion engine or an 

electric engine. The hydraulic pump may include a hydrostatic pump such as a hydrostatic axial 

piston pump or a hydrostatic radial piston pump. The hydraulic pump may have a variable 

hydraulic displacement. For example, the hydraulic pump may have a moveable swashplate or a 

bent-axis design. The first and/or the second hydraulic displacement unit may include a 

hydraulic motor, for example a hydrostatic axial piston motor or a hydrostatic radial piston 

motor. The first and/or the second hydraulic displacement unit may have a variable hydraulic 

displacement. For example, the first and/or the second hydraulic displacement unit may have a 

moveable swashplate or a bent-axis design.  

The accumulators may be configured as compressed gas accumulators. An accumulator 

may be pressurized by filling or by partially filling the corresponding accumulator with a 

hydraulic fluid such as oil, thereby compressing a quantity of gas contained in the accumulator.  

The gas may be an inert gas such as nitrogen. Similarly, an accumulator may be de-pressurized 

by letting a compressed gas contained in the accumulator expand, thereby pushing hy-
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draulic fluid contained in the accumulator out of the accumulator and creating 

a fluid flow. The accumulators may be adapted to operate at hydrostatic 

pressures up to a maximum operating pressure of at least 300 bar or of at 

least 400 bar, for example.  

5 

The control valves may include one or more shut-off valves and/or one or 

more directional valves and/or one or more proportional valves, for example.  

The control valves may be controllable through electromagnetic forces and/or 

through hydraulic forces. For example, the control valves or some of the con

10 trol valves may be controllable through one or more pilot valves. The output 

shaft may be drivingly engaged or selectively drivingly engaged with a vehicle 

output. The vehicle output may include at least one of a drive shaft, a vehicle 

axle, a final drive or one or more wheels, for example.  

15 Preferably, the control valves provide fluid communication between the hy

draulic circuit and the accumulator assembly in such a way and are configured 

such that the control valves may selectively fluidly disconnect one or both of 

the high pressure accumulator and the low pressure accumulator from the 

hydraulic circuit.  

20 

The control valves may additionally provide fluid communication between the 

hydraulic pump, the hydraulic displacement units and the accumulator as

sembly in such a way and may be configured such that they can be selectively 

switched or set to a position or configuration in which they: 

25 fluidly connect the hydraulic pump to the second hydraulic displace

ment unit while fluidly disconnecting the hydraulic pump from the first hy

draulic displacement unit; and, simultaneously, 

fluidly connect the hydraulic accumulator assembly to the first hydrau

lic displacement unit while fluidly disconnecting the hydraulic accumulator 

30 assembly from second hydraulic displacement unit.  

This may further enhance the number of combinations in which the 

torque/power provided by the power source and the accumulator assembly 

can be combined at the output shaft, in particular when the first and the se

35 cond hydraulic displacement unit feature different designs and/or when they 

differ in their (selective) mechanical coupling to the output shaft. For exam-
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pie, the first and the second hydraulic displacement unit may feature a differ
ent (maximum) displacement and/or may be (selectively) mechanically cou
pled to the output shaft through different gear ratios.  

5 Additionally or alternatively, the control valves may provide fluid communica
tion between the hydraulic pump, the hydraulic displacement units and the 
accumulator assembly in such a way and may be configured such that the 
control valves can be selectively switched or set to a position or configuration 
in which they simultaneously fluidly connect the hydraulic pump to the first 

10 hydraulic displacement unit and to the second hydraulic displacement unit.  

Normally, the hydraulic pump, the first hydraulic displacement unit and the 
second hydraulic displacement unit each have a first fluid port and a second 
fluid port.  

15 

The hydraulic pump being fluidly connected to the first hydraulic displace
ment unit then typically includes the first fluid port of the hydraulic pump 
being fluidly connected to the first fluid port of the first hydraulic displace
ment unit and the second fluid port of the hydraulic pump being fluidly con

20 nected to the second fluid port of the first hydraulic displacement unit, pref
erably in a closed-circuit configuration, i. e. sealed from the external environ
ment. For example, a minimum hydraulic pressure in such a closed circuit in
cluding the hydraulic pump and the first hydraulic displacement unit may be 
at least 10 bar or at least 20 bar.  

25 

In the same way, the hydraulic pump being fluidly connected to the second 
hydraulic displacement unit typically includes the first fluid port of the hydrau
lic pump being fluidly connected to the first fluid port of the second hydraulic 
displacement unit and the second fluid port of the hydraulic pump being fluid

30 ly connected to the second fluid port of the second hydraulic displacement 
unit, preferably in a closed-circuit configuration, i. e. sealed from the external 
environment. For example, a minimum hydraulic pressure in such a closed 
circuit including the hydraulic pump and the second hydraulic displacement 
unit may be at least 10 bar or at least 20 bar.  

35 

The control valves may comprise at least one pump valve, the pump valve
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providing fluid communication between the hydraulic pump and the hydraulic 

displacement units and the pump valve having three control positions or con

trol configurations; wherein 

when the pump valve is set to the first position/configuration, the 

5 pump valve fluidly connects the hydraulic pump to the first hydraulic dis

placement unit and to the second hydraulic displacement unit; 

when the pump valve is set to the second position/configuration, the 

pump valve fluidly connects the hydraulic pump to the first hydraulic dis

placement unit and fluidly disconnects the hydraulic pump from the second 

10 hydraulic displacement unit; and 

when the pump valve is set to the third position/configuration, the 

pump valve fluidly connects the hydraulic pump to the second hydraulic dis

placement unit and fluidly disconnects the hydraulic pump from the first hy

draulic displacement unit.  

15 

More specifically, the control valves may comprise a first pump valve, the first 

pump valve providing fluid communication between the first fluid port of the 

hydraulic pump, the first fluid port of the first hydraulic displacement unit and 

the first fluid port of the second hydraulic displacement unit, and the first 

20 pump valve having three control positions, wherein: 

when first pump valve is set to the first control position, the first pump 

valve fluidly connects the first fluid port of the hydraulic pump to the first fluid 

port of the first hydraulic displacement unit and to the first fluid port of the 

second hydraulic displacement unit; 

25 when the first pump valve is set to the second control position, the 

first pump valve fluidly connects the first fluid port of the hydraulic pump to 

the first fluid port of the first hydraulic displacement unit and fluidly discon

nects the first fluid port of the hydraulic pump from the first fluid port of the 

second hydraulic displacement unit; and 

30 when the first pump valve is set to the third control position, the first 

pump fluidly connects the first fluid port of the hydraulic pump to the first 

fluid port of the second hydraulic displacement unit and fluidly disconnects 

the first fluid port of the hydraulic pump from the first fluid port of the first 

hydraulic displacement unit.  

35 

The control valves may further comprise a second pump valve, the second
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pump valve providing fluid communication between the second fluid port of 
the hydraulic pump, the second fluid port of the first hydraulic displacement 
unit and the second fluid port of the second hydraulic displacement unit, and 
the second pump valve having three control positions, wherein: 

5 when the second pump valve is set to the first control position, the 
second pump valve fluidly connects the second fluid port of the hydraulic 

pump to the second fluid port of the first hydraulic displacement unit and to 
the second fluid port of the second hydraulic displacement unit; 

when the second pump valve is set to the second control position, the 

10 second pump valve fluidly connects the second fluid port of the hydraulic 

pump to the second fluid port of the first hydraulic displacement unit and flu
idly disconnects the second fluid port of the hydraulic pump from the second 
fluid port of the second hydraulic displacement unit; and 

when the second pump valve is set to the third control position, the 

15 second pump valve fluidly connects the second fluid port of the hydraulic 

pump to the second fluid port of the second hydraulic displacement unit and 

fluidly disconnects the second fluid port of the hydraulic pump from the se

cond fluid port of the first hydraulic displacement unit.  

20 The first pump valve and the second pump valve are then typically configured 

such or are controlled such that they are selectively both set to their first con

trol position, both set to their second control position, or both set to their 

third control position.  

25 The control valves may additionally provide fluid communication between the 

accumulator assembly and the hydraulic displacement units in such a way and 

may be configured such that they can be switched or set to a position or con

figuration in which they simultaneously fluidly connect the hydraulic accumu

lator assembly to the first hydraulic displacement unit and to the second hy

30 draulic displacement unit.  

The control valves may provide fluid communication between the accumula

tor assembly and the hydraulic displacement units in such a way and may be 

configured such that fluidly connecting the hydraulic accumulator assembly to 

35 one or both of the first hydraulic displacement unit and the second hydraulic 
displacement unit includes selectively one of:
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fluidly connecting the high pressure accumulator to the first fluid port 

or to the first fluid ports and, simultaneously, fluidly connecting the low pres

sure accumulator to the second fluid port or to the second fluid ports; and 

fluidly connecting the high pressure accumulator to the second fluid 

5 port or to the second fluid ports and, simultaneously, fluidly connecting the 

low pressure accumulator to the first fluid port or to the first fluid ports.  

The control valves may comprise at least one accumulator valve, the accumu

lator valve providing fluid communication between the accumulator assembly 

10 and the hydraulic displacement units and the accumulator valve having at 

least three control positions or control configurations, wherein the accumula

tor valve is configured such that: 

when the accumulator valve is set to the first position/configuration, 

the hydraulic accumulator assembly is fluidly disconnected from the hydraulic 

15 circuit; 

when the accumulator valve is set to the second posi

tion/configuration, the high pressure accumulator is in fluid communication 

with the first fluid port of at least one of the first and the second hydraulic 

displacement unit, and the low pressure accumulator is in fluid communica

20 tion with the corresponding second fluid port or fluid ports of the hydraulic 

displacement unit or units to which the high pressure accumulator is fluidly 

connected; and 

when the accumulator valve is set to the third position/configuration, 

the high pressure accumulator is in fluid communication with the second fluid 
25 port of at least one of the first and the second hydraulic displacement unit 

and the low pressure accumulator is in fluid communication with the corre

sponding first fluid port or fluid ports of the hydraulic displacement unit or 

units to which the high pressure accumulator is fluidly connected.  

30 In particular, the at least one accumulator valve the accumulator valve may be 

in fluid communication with the hydraulic displacement units through the at 

least one pump valve.  

For example, the accumulator valve may comprise a high pressure accumula

35 tor valve, the high pressure accumulator valve providing fluid communication 

between the high pressure accumulator and the hydraulic displacement units
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and the high pressure accumulator valve having three control positions, 

wherein: 

when the high pressure accumulator valve is set to the first control 

position, the high pressure accumulator valve fluidly disconnects the high 

5 pressure accumulator from the hydraulic displacement units; 

when the high pressure accumulator valve is set to the second control 

position, the high pressure accumulator valve provides fluid communication 

between the high pressure accumulator and selectively the first fluid port of 

at least one of the first and the second hydraulic displacement unit, for exam

10 ple through the first pump valve; and 

when the high pressure accumulator valve is set to the third control 

position, the high pressure accumulator valve provides fluid communication 

between the high pressure accumulator and selectively the second fluid port 

of at least one of the first and the second hydraulic displacement unit, for ex

15 ample through the second pump valve.  

The at least one accumulator valve may further comprise a low pressure ac

cumulator valve, the low pressure accumulator valve providing fluid commu

nication between the low pressure accumulator and the hydraulic displace
20 ment units and the low pressure accumulator valve having at least three con

trol positions, wherein: 

when the low pressure accumulator valve is set to the first control po

sition, the low pressure accumulator valve fluidly disconnects the low pres

sure accumulator from the hydraulic displacement units; 

25 when the low pressure accumulator valve is set to the second control 

position, the low pressure accumulator valve provides fluid communication 

between the low pressure accumulator and selectively the second fluid port 

of at least one of the first and the second hydraulic displacement unit, for ex

ample through the second pump valve; and 

30 when the low pressure accumulator valve is set to the third control 

position, the low pressure accumulator valve provides fluid communication 

between the low pressure accumulator and selectively the first fluid port of at 

least one of the first and the second hydraulic displacement unit, for example 

through the first pump valve.  

35 

The at least one pump valve and the at least one accumulator valve may fur-
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ther be configured such that: 

when the pump valve is set to the first position/configuration and the 

accumulator valve is set to the second position/configuration, the high pres

sure accumulator is fluidly connected to the first fluid ports of the first and the 

5 second hydraulic displacement unit and the low pressure accumulator is fluid

ly connected to the second fluid ports of the first and the second hydraulic 

displacement unit; 

when the pump valve is set to the first position/configuration and the 

accumulator valve is set to the third position/configuration, the high pressure 

10 accumulator is fluidly connected to the second fluid ports of the first and the 

second hydraulic displacement unit and the low pressure accumulator is fluid

ly connected to the first fluid ports of the first and the second hydraulic dis

placement unit; 

when the pump valve is set to the second position/configuration and 

15 the accumulator valve is set to the second position/configuration, the high 

pressure accumulator is fluidly connected to the first fluid port of the second 

hydraulic displacement unit, the low pressure accumulator is fluidly connect

ed to the second fluid port of the second hydraulic displacement unit, and the 

accumulator assembly is fluidly disconnected from the first hydraulic dis

20 placement unit; 

when the pump valve is set to the second position/configuration and 

the accumulator valve is set to the third position/configuration, the high pres

sure accumulator is fluidly connected to the second fluid port of the second 

hydraulic displacement unit, the low pressure accumulator is fluidly connect
25 ed to the first fluid port of the second hydraulic displacement unit, and the 

accumulator assembly is fluidly disconnected from the first hydraulic dis

placement unit; 

when the pump valve is set to the third position/configuration and the 

accumulator valve is set to the second position/configuration, the high pres

30 sure accumulator is fluidly connected to the first fluid port of the first hydrau

lic displacement unit, the low pressure accumulator is fluidly connected to the 

second fluid port of the first hydraulic displacement unit, and the accumulator 

assembly is fluidly disconnected from the second hydraulic displacement unit; 

and 

35 when the pump valve is set to the third position/configuration and the 

accumulator valve is set to the third position/configuration, the high pressure
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accumulator is fluidly connected to the second fluid port of the first hydraulic 
displacement unit, the low pressure accumulator is fluidly connected to the 

first fluid port of the first hydraulic displacement unit, and the accumulator 

assembly is fluidly disconnected from the second hydraulic displacement unit.  

5 
The first hydraulic displacement unit and the second hydraulic displacement 

unit may be drivingly engaged or selectively drivingly engaged with the output 

shaft through a summing gearbox, the summing gearbox configured to sum a 

first torque provided by the first hydraulic displacement unit and a second 

10 torque provided by the second hydraulic displacement unit at the output 

shaft.  

The summing gearbox may additionally be configured to selectively one of: 
drivingly engage only one of the first and the second hydraulic dis

15 placement unit with the output shaft; and 

disengage both hydraulic displacement units from the output shaft.  

Furthermore, the proposed dual motor hydraulic hybrid transmission may 
include an electronic control unit configured to control one or more of the 

20 control valves. In other words, the control unit may be configured to switch 
the control valves to one or more control configurations. For example, the 
control unit may be configured to control the control valve based on an input 
from an operator and/or based measurement data provided by one or more 
sensors. The sensors may include a speed sensor and the measurement data 

25 may include speed data, for example.  

Preferred embodiments of the presently proposed dual motor hydraulic hy
brid transmission is described in the following detailed description and is de
picted in the accompanying drawing in which: 

30 
Fig. 1 shows a first embodiment of a dual motor hydraulic hybrid 

transmission in one mode of operation; 

Figs. 2-4 show the transmission of Fig. 1 in further modes of operation; 
35 and
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Fig. 5 shows a second embodiment of a dual motor hydraulic hybrid 
transmission.  

Fig. 1 shows a dual motor hydraulic hybrid transmission 1 of an automotive 
5 vehicle (not shown). The vehicle may be an off-highway vehicle such as a 

wheel loader, for example. The transmission 1 comprises an internal combus

tion engine 2 and a hydraulic circuit 3. The hydraulic circuit 3 comprises a hy
drostatic pump 4 drivingly engaged with the engine 2, a first hydrostatic mo

tor 5 and a second hydrostatic motor 6. The hydrostatic motors 5, 6 are in 
10 fluid communication with the pump 4 through a first pump valve PA, through 

a second pump valve PB and through fluid lines 20a, 20b, 30a, 30b, 40a, 40b.  

A control position or spool position of the pump valves PA, PB can be con

trolled through electromagnetic forces or through hydraulic forces, for exam
15 ple. In the latter case, the pump valves PA, PB can be controlled through cor

responding pilot valves (not shown). The pump valves PA, PB (or the corre

sponding pilot valves, if applicable) can be controlled through an electronic 

control unit (not shown) via wired or wireless electromagnetic signals.  

20 In other words, the fluid lines 20a, 20b, 30a, 30b, 40a, 40b connect the pump 

4 and the motors 5, 6 in such a way and the valves PA, PB are configured such 

that by switching the valves PA, PB to corresponding control positions or con

trol configurations the pump 4 may be selectively fluidly connected to at least 

one of the motors 5, 6. Specifically, in one control configuration of the valves 
25 PA, PB, the pump 4 is fluidly connected to both motors 5, 6. In another control 

configuration of the valves PA, PB, the pump 4 is fluidly connected to the first 

motor 5 and fluidly disconnected from the second motor 6. In another control 

configuration of the valves PA, PB, the pump 4 is fluidly connected to the se

cond motor 6 and fluidly disconnected from the first motor 5. This will be ex
30 plained in more detail further below.  

A transmission shaft 8 of the first motor 5 and a transmission shaft 9 of the 

second motor 6 are selectively drivingly engaged with and output shaft 11 of 

the transmission 1 through a summing gearbox 10. The output shaft 11 is driv
35 ingly engaged or selectively drivingly engaged with a vehicle output 12. The 

vehicle output 12 may include at least one of a drive shaft, a vehicle axle, a
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final drive and one or more wheels, for example. The gearbox 10 is configured 

to selectively sum a torque provided by the motors 5, 6 at the output shaft 11.  

That is, the gearbox 10 may selectively simultaneously couple the output 

shafts 8, 9 of both motors 5, 6 to the output shaft 11. The gearbox 10 is fur

5 ther configured to selectively disengage the output shaft 11 from both motors 

5, 6 at the same time. The gearbox 10 is further configured to selectively driv

ingly engage only one of the motors 5, 6 with the output shaft 11 at a given 

time. That is, the gearbox 10 is configured to selectively drivingly engage the 

first motor 5 with the output shaft 11 while disengaging the second motor 6 

10 from the output shaft. And the gearbox 10 is configured to selectively driving

ly engage the second motor 6 with the output shaft 11 while disengaging the 

first motor 5 from the output shaft 11.  

The transmission 1 further comprises a hydraulic accumulator assembly 7 in

15 cluding a high pressure accumulator 7a and a low pressure accumulator 7b.  

The accumulators 7a, 7b are configured as compressed gas accumulators. The 

accumulators 7a, 7b are configured as hollow vessels including a closed blad
der filled with an inert gas such as nitrogen. The accumulators 7a, 7b may be 

pressurized by filling or partially filling the accumulator vessel with a hydraulic 

20 fluid such as oil, thereby compressing the gas contained in the bladder. The 

accumulators 7a, 7b may be de-pressurized by letting the gas contained in the 

bladder expand such that hydraulic fluid contained in the accumulator vessel 

is displaced out of the vessel, thereby creating a fluid flow.  

25 The accumulator assembly 7 is in fluid communication with the hydraulic cir

cuit 3 through a high pressure accumulator valve VHP, through a low pressure 

accumulator valve VLP and through fluid lines 50, 60. The high pressure accu

mulator 7a is in fluid communication with the hydraulic circuit 3 through the 

high pressure accumulator valve VHP and through the fluid lines 50, 60, and 

30 the low pressure accumulator 7b is in fluid communication with the hydraulic 

circuit 3 through the low pressure accumulator valve VLP and through the 

fluid lines 50, 60.  

A control position or spool position of the accumulator valves VHP, VLP can be 

35 controlled through electromagnetic forces or through hydraulic forces, for 

example. In the latter case, the accumulator valves VHP, VLP can be controlled
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through corresponding pilot valves (not shown). Like the pump valves PA, PB 

the accumulator valves VHP, VLP (or the corresponding pilot valves, if applica

ble) can be controlled through the above mentioned electronic control unit 

(not shown) via wired or wireless electromagnetic signals.  

5 

In the following, the design of the pump valves PA, PB and the connection 

between the pump 4 and the motors 5, 6 provided by the pump valves PA, PB 

and by the fluid lines 20a, 20b, 30a, 30b, 40a, 40b of the hydraulic circuit 3 will 

be explained in detail.  

10 

The pump 4 has a first fluid port 4a and a second fluid port 4b. The first motor 

5 has a first fluid port 5a and a second fluid port 5b. The second motor 6 has a 

first fluid port 6a and a second fluid port 6b.  

15 The first pump valve PA is a 4/3-way directional valve having four fluid ports 

PAa, PAb, PAc, PAd and three control positions PA.1, PA.2, PA.3.  

When the pump valve PA is switched or set to the first control position PA.1 

(the center position of the valve PA in Fig. 1), all fluid ports PAa-d of the pump 

20 valve PA are mutually fluidly connected so that hydraulic fluid may flow be

tween all fluid ports PAa-d.  

When the pump valve PA is switched or set to the second control position 

PA.2 (the bottom-most position of the valve PA in Fig. 1), the first fluid port 

25 PAa is fluidly connected to the fourth fluid port PAd so that hydraulic fluid 

may flow between the first fluid port PAa and the fourth fluid port PAd, and 

the second fluid port PAb is fluidly connected to the third fluid port PAc so 

that hydraulic fluid may flow between the second fluid port PAb and the third 

fluid port PAc. Further, when the pump valve PA is in the second control posi

30 tion PA.2, both the first fluid port PAa and the fourth fluid port PAd are fluidly 

disconnected from both the second fluid port PAb and from the third fluid 

port PAc so that no hydraulic fluid may flow between the fluid ports PAa, PAd 

on the one hand and the fluid ports PAb, PAc on the other hand.  

35 When the pump valve PA is switched or set to the third control position PA.3 

(the top-most position of the valve PA in Fig. 1), the first fluid port PAa is fluid-
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ly connected to the second fluid port PAb so that hydraulic fluid may flow be
tween the first fluid port PAa and the second fluid port PAb, and the third flu
id port PAc is fluidly connected to the fourth fluid port PAd so that hydraulic 
fluid may flow between the third fluid port PAc and the fourth fluid port PAd.  

5 Further, when the pump valve PA is in the third control position PA.3, both 
the first fluid port PAa and the second fluid port PAb are fluidly disconnected 
from both the third fluid port PAc and from the fourth fluid port PAd so that 
no hydraulic fluid may flow between the fluid ports PAa, PAb on the one hand 
and the fluid ports PAc, PAd on the other hand.  

10 

The second pump valve PB is identical to the first pump valve PA. That is, the 
second pump valve, too, is a 4/3-way directional valve having four fluid ports 
PBa, PBb, PBc, PBd and three control positions PB.1, PB.2, PB.3. The fluid con
nection/disconnection between the fluid ports PBa, PBb, PBc, PBd of the se

15 cond pump valve PB in the three control positions PB.1, PB.2, PB.3 of the se
cond pump valve PB is analogous to that described with respect to the first 
pump valve PA. To a skilled person this is immediately apparent from the illus
tration of the valves PA and PB in Fig. 1.  

20 The fluid line 20a fluidly connects the first fluid port 4a of the pump 4 to the 
third fluid port PAc of the first pump valve PA. The fluid line 20b fluidly con
nects the second fluid port 4b of the pump 4 to the first fluid port PBa of the 
second pump valve PB. The fluid line 30a fluidly connects the second fluid port 
PAb of the first pump valve PA to the first fluid port 5a of the first motor 5.  

25 The fluid line 30b fluidly connects the fourth fluid port PBd of the second 
pump valve PB to the second fluid port Sb of the first motor 5. The fluid line 
40a fluidly connects the fourth fluid port PAd of the first pump valve PA to the 
first fluid port 6a of the first motor 6. The fluid line 40b fluidly connects the 
second fluid port PBb of the second pump valve PB to the second fluid port 6b 

30 of the first motor 6.  

The above mentioned control unit is configured to control the pump valves 
PA, PB such that, at a given time, both valves are in their first control position 

PA.1 and PB.1, in their second control position PA.2 and PB.2, or in their third 

35 control position PA.3 and PB.3. In other words, at a given time the pump 

valves PA, PB can be in one of three possible control configurations, termed
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P.1, P.2 and P.3 in the following. In the first control configuration P.1 the first 

pump valve PA is in the first control position PA. and the second pump valve 

PB is in the first control position PB.1. In the second control configuration P.2 

the first pump valve PA is in the second control position PA.2 and the second 

5 pump valve PB is in the second control position PB.2. And in the third control 

configuration P.3 the first pump valve PA is in the third control position PA.3 

and the second pump valve PB is in the third control position PB.3.  

From the above description of the design of the pump valves PA, PB and of 

10 the connection between pump 4 and the motors 5, 6 through the pump valves 

PA, PB and the fluid lines 20a-b, 30a-b, 40a-b the following is immediately 

apparent: 

When the pump valves PA, PA are in the first control configuration P.1, the 

15 pump 4 is fluidly connected to both motors 5, 6 in a closed circuit comprising 

the fluid lines 20a-b, 30a-b, 40a-b. Specifically, in the first control configura

tion P.1 the first fluid port 4a of the pump 4 is fluidly connected to the first 

fluid port Sa of the first motor 5 and to the first fluid port 6a of the second 

motor, and the second fluid port 4b of the pump 4 is fluidly connected to the 

20 second fluid port 5b of the first motor 5 and to the second fluid port 6b of the 

second motor 6.  

When the pump valves PA, PA are in the second control configuration P.2, the 

pump 4 is fluidly connected to the first motor 5 in a closed circuit comprising 

25 the fluid lines 20a-b, 30a-b, and fluidly disconnected from the second motor 6.  
Specifically, in the second control configuration P.2 the first fluid port 4a of 

the pump 4 is fluidly connected to the first fluid port 5a of the first motor 5, 
and the second fluid port 4b of the pump 4 is fluidly connected to the second 

fluid port 5b of the first motor 5.  

30 

When the pump valves PA, PA are in the third control configuration P.3, the 

pump 4 is fluidly connected to the second motor 6 in a closed circuit compris

ing the fluid lines 20a-b, 40a-b, and fluidly disconnected from the first motor 

5. Specifically, in the third control configuration P.2 the first fluid port 4a of 

35 the pump 4 is fluidly connected to the first fluid port 6a of the second motor
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6, and the second fluid port 4b of the pump 4 is fluidly connected to the se
cond fluid port 6b of the second motor 6.  

In the following, the design of the accumulator valves VHP, VLP and the con
5 nection between the accumulator assembly 7 and the motors 5, 6 provided by 

the accumulator valves VHP, VLP, the fluid lines 50, 60, the pump valves PA, 
PB and the fluid lines 30a-b, 40a-b of the hydraulic circuit 3 will be explained 
in detail.  

10 The high pressure accumulator valve VHP is a 3/3-way directional valve having 
three fluid ports VHPa, VHPb, VHPc and three control positions VHP.1, VHP.2, 
VHP.3.  

When the high pressure accumulator valve VHP is switched or set to the first 
15 control position VHP.1 (the center position of the valve VHP in Fig. 1), all fluid 

ports VHPa-c are fluidly disconnected from one another so that no hydraulic 
fluid may flow between the ports VHPa-c.  

When the high pressure accumulator valve VHP is switched or set to the se
20 cond control position VHP.2 (the left-most position of the valve VHP in Fig. 1), 

the first fluid port VHPa is fluidly connected to the second fluid port VHPb so 
that hydraulic fluid may flow between the first fluid port VHPa and the second 
fluid port VHPb. Further, when the high pressure accumulator valve is in the 
second control position VHP.2, both the first fluid port VHPa and the second 

25 fluid port VHPb are fluidly disconnected from the third fluid port VHPc so that 
no hydraulic fluid may flow between the fluid ports VHPa, VHPb on the one 
hand and the fluid port VHPc on the other hand.  

When the high pressure accumulator valve VHP is switched or set to the third 
30 control position VHP.3 (the right-most position of the valve VHP in Fig. 1), the 

first fluid port VHPa is fluidly connected to the third fluid port VHPc so that 
hydraulic fluid may flow between the first fluid port VHPa and the third fluid 
port VHPc. Further, when the high pressure accumulator valve is in the third 
control position VHP.3, both the first fluid port VHPa and the third fluid port 

35 VHPc are fluidly disconnected from the second fluid port VHPb so that no hy-
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draulic fluid may flow between the fluid ports VHPa, VHPc on the one hand 

and the fluid port VHPb on the other hand.  

The low pressure accumulator valve VLP is identical to the high pressure ac

5 cumulator valve VHP. That is, the low pressure accumulator valve VLP, too, is 

a 3/3-way directional valve having three fluid ports VLPa, VLPb, VLPc and 

three control positions VLP.1, VLP.2, VLP.3. The fluid connec

tion/disconnection between the fluid ports VLPa, VLPb, VLPc of the low pres

sure accumulator valve VLP in the three control positions VLP.1, VLP.2, VLP.3 
10 of the low pressure accumulator valve VLP is analogous to that described with 

respect to the high pressure accumulator valve VHP (except that VLP.2 corre

sponds to the right-most position and that VLP.3 corresponds to the left most 

position of the valve VLP in Fig. 1). To a skilled person this is immediately ap

parent from the illustration of the valves VHP and VLP in Fig. 1.  

15 

The first fluid port VHPa of the high pressure accumulator valve VHP is (per

manently) fluidly connected to the high pressure accumulator 7a. Similarly, 

The first fluid port VLPa of the low pressure accumulator valve VILP is (perma

nently) fluidly connected to the low pressure accumulator 7b. The fluid line 50 
20 fluidly connects the second fluid port VHPb of the high pressure accumulator 

valve VHP and the third fluid port VLPc of the low pressure accumulator valve 

VLP to the first fluid port PAa of the first pump valve PA. The fluid line 60 fluid

ly connects the third fluid port VHPc of the high pressure accumulator valve 

VHP and the second fluid port VLPb of the low pressure accumulator valve 

25 VILP to the third fluid port PBc of the second pump valve PB.  

The above mentioned control unit is configured to control the accumulator 

valves VHP, VLP such that, at a given time, both valves are in their first control 

position VHP.1 and VLP.1, in their second control position VHP.2 and VLP.2, or 

30 in their third control position VHP.3 and VLP.3. In other words, at a given time 

the accumulator valves VHP, VLP can be in one of three possible control con

figurations, termed V.1, V.2 and VP.3 in the following. In the first control con

figuration V.1 the high pressure accumulator valve VHP is in the first control 

position VHP.1 and the low pressure accumulator valve VILP is in the first con

35 trol position VLP.1. In the second control configuration V.2 the high pressure 

accumulator valve VHP is in the second control position VHP.2 and the low
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pressure accumulator valve VLP is in the second control position VLP.2. And in 

the third control configuration V.3 the high pressure accumulator valve VHP is 

in the third control position VHP.3 and the low pressure accumulator valve 

VLP is in the third control position VLP.3.  

5 

The control unit is furthermore configured to control the pump valve configu

rations P.1, P.2, P.3 and the accumulator valve configurations V.1, V.2, V.3 

independently. That is, each of the pump valve configurations P.1, P.2, P.3 can 

be combined with each or the accumulator valve configurations V.1, V.2, V.3.  

10 Consequently, there is a total of 3-3=9 valve configurations of the transmis

sion 1, termed T.1, T.2, T.3, T.4, T.5, T.6, T.7, T.8, T.9 in the following. These 

configurations are defined according to the following list: 

T.1: P.1+V.1; T.2: P.1+V.2; T.3: P.1+V.3; 

15 T.4: P.2+V.1; T.5: P.2+V.2; T.6: P.2+V.3; 

T.7: P.3+V.1; T.8: P.3+V.2; T.9: P.3+V.3.  

In the following, the modes of operation of the transmission 1 associated with 

the different valve configurations T.1 to T.9 will be explained. The fluid con

20 nection between the pump 4 and the motors 5, 6 through the pump valves 

PA, PB has been laid out in detail above. As the connection between the pump 

4 and the motors 5, 6 is not affected by the configurations V.1, V.2, V.3 of the 

accumulator valves VHP, VLP, in the following discussion of the configurations 

T.1 to T.9 only the connection between the accumulators 7a, 7b on the one 

25 hand and the pump 4, the first motor 5 and the second motor 6 on the other 

hand will be explained in some detail.  

In the mode of operation associated with the valve configuration T.1 

(=P.1+V.1), the accumulator assembly 7 is fluidly disconnected from the hy

30 draulic circuit 3, and the pump 4 is fluidly connected to the first motor 5 and 

the second motor 6 (see Fig. 1). This mode corresponds to the standard hy

drostatic mode of a dual motor hydrostatic transmission. Both motors 5, 6 are 

driven by the pump 4.  

35 The mode of operation associated with the valve configuration T.2 (=P.1+V.2) 

is illustrated in Fig. 2. Here and in the following, recurring features are desig-
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nated by the same reference signs. Again, the pump 4 is fluidly connected to 
both motors 5, 6. Additionally, the accumulator assembly 7 is fluidly connect

ed to both motors 5, 6. Specifically, the high pressure accumulator 7a is fluidly 

connected to the first fluid port 5a of the first motor 5 and to the first fluid 

5 port 6a of the second motor 6, and the low pressure accumulator 7b is fluidly 

connected to the second fluid port 5b of the first motor 5 and to the second 

fluid port 6b of the second motor 6. This mode corresponds to a dual motor 

series hybrid mode. In this mode, hydraulic fluid stored under high pressure in 
the high pressure accumulator 7a may be displaced from the high pressure 

10 accumulator 7a to the low pressure accumulator 7b through both motors 5, 6, 

thereby applying additional torque to the motors 5, 6 during a forward 

movement of the vehicle, for example (forward acceleration). Also, in this 

mode the accumulators 7a, 7b may be used to decelerate the vehicle during a 

rearward movement of the vehicle (rearward deceleration).  

15 

In the mode of operation associated with the valve configuration T.3 

(=P.1+V.3, not shown), the pump 4 is again fluidly connected to both motors 

5, 6. Again, the accumulator assembly 7 is fluidly connected to both motors 5, 

6. As opposed to the configuration T.2, in the configuration T.3 the high pres

20 sure accumulator 7a is fluidly connected to the second fluid port 5b of the 

first motor 5 and to the second fluid port 6b of the second motor 6, and the 

low pressure accumulator 7b is fluidly connected to the first fluid port 5a of 

the first motor 5 and to the first fluid port 6a of the second motor 6. Again, 

this mode corresponds to a dual motor series hybrid mode. In this mode, the 
25 accumulator assembly 7 may be used to decelerate the vehicle during a for

ward movement of the vehicle (forward deceleration) or to accelerate the 

vehicle during a rearward movement of the vehicle (rearward acceleration).  

In the mode of operation associated with the valve configuration T.4 

30 (=P.2+V.1, not shown), the accumulator assembly 7 is again fluidly discon

nected from the hydraulic circuit 3. The pump 4 is fluidly connected to the 

first motor 5 and fluidly disconnected from the second motor 6. This mode 

corresponds to the standard hydrostatic mode of a single motor hydrostatic 

transmission using the first motor 5 only.  

35
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In the mode of operation associated with the valve configuration T.5 

(=P.2+V.2, not shown), the pump 4 is fluidly connected to the first motor 5 
and fluidly disconnected from the second motor 6. At the same time, the ac

cumulator assembly 7 is fluidly connected to the second motor 6 and fluidly 
5 disconnected from the first motor 5. Specifically, the high pressure accumula

tor 7a is fluidly connected to the first fluid port 6a of the second motor 6, and 

the low pressure accumulator 7b is fluidly connected to the second fluid port 

6b of the second motor 6.  

10 in this mode, the (sub)circuit formed by the pump 4, the first motor 5 and the 

fluid lines 20a, 30a, 20b, 30b is fluidly isolated from the (sub)circuit formed by 
the accumulators 7a, 7b, the second motor 6 and the fluid lines 50, 60, 40a, 

40b. The first motor 5 is powered only by the pump 4 and the second motor 6 
is powered only by the accumulator assembly 7. The torque/power provided 

15 by the pump 4 and the torque/power provided by the accumulator assembly 

7 is only summed in the gearbox 10. Therefore, the transmission I can be 

switched into this mode even if there is a pressure mismatch between the 

hydraulic pressure in the hydraulic circuit 3 and the hydraulic pressure in the 

accumulator assembly 7. This mode corresponds to a parallel mode and may 
20 be used during forward acceleration, for example.  

The mode of operation associated with the valve configuration T.6 (=P.2+V.3, 
not shown) is identical to the above described mode associated with the valve 

configuration T.5, except that the fluid connection of the accumulators 7a, 7b 
25 to the second motor 6 is interchanged. Specifically, the high pressure accumu

lator 7a is now fluidly connected to the second fluid port 6b of the second 

motor 6 and the low pressure accumulator 7b is now fluidly connected to the 

first fluid port 6a of the second motor 6. Like the mode associated with the 

configuration T.5 described above, this mode corresponds to a parallel mode 
30 and may be used during rearward acceleration, for example.  

In the mode of operation associated with the valve configuration T.7 (not 

shown), the accumulator assembly 7 is fluidly disconnected from the hydraulic 

circuit 3. The pump 4 is fluidly connected to the second motor 6 and fluidly 

35 disconnected from the first motor 5. This mode corresponds to the standard
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hydrostatic mode of a single motor hydrostatic transmission using the second 

motor 6 only.  

The mode of operation associated with the valve configuration T.8 (=P.3+V.2) 

5 is shown in Fig. 3. This mode is similar to the mode associated with the con

figuration T.5 described above. However, with respect to T.5 the roles of the 

first motor 5 and the second motor 6 are interchanged. The pump 4 is now 

fluidly connected to the second motor 6 and fluidly disconnected from the 

first motor 5. At the same time, the accumulator assembly 7 is fluidly con

10 nected to the first motor 5 and fluidly disconnected from the second motor 6.  

Specifically, the high pressure accumulator 7a is fluidly connected to the first 

fluid port 5a of the first motor 5, and the low pressure accumulator 7b is fluid

ly connected to the second fluid port 5b of the first motor 5.  

15 Again, in this mode the (sub)circuit formed by the pump 4, the second motor 

6 and the fluid lines 20a, 40a, 20b, 40b is fluidly isolated from the (sub)circuit 

formed by the accumulators 7a, 7b, the first motor 5 and the fluid lines 50, 60, 

30a, 30b. The first motor 5 is powered only by the accumulator assembly 7 

and the second motor 6 is powered only by the pump 4. The torque/power 

20 provided by the pump 4 and the torque/power provided by the accumulator 

assembly 7 is only summed in the gearbox 10. Therefore, the transmission 1 

can be switched into this mode even if there is a pressure mismatch between 

the hydraulic pressure in the hydraulic circuit 3 and the hydraulic pressure in 

the accumulator assembly 7. This mode corresponds to a parallel mode and 

25 may be used during forward acceleration, for example.  

The mode of operation associated with the valve configuration T.9 (=P.3+V.3) 

is shown in Fig. 4. It is identical to the above described mode associated with 

the valve configuration T.8, except that the fluid connection of the accumula

30 tors 7a, 7b to the first motor 5 is interchanged. Specifically, the high pressure 

accumulator 7a is now fluidly connected to the second fluid port 5b of the 

first motor 5 and the low pressure accumulator 7b is now fluidly connected to 

the first fluid port 5a of the first motor 5. Like the mode associated with the 

configuration T.8 described above, this mode corresponds to a parallel mode 

35 and may be used during rearward acceleration, for example.
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Fig. 5 shows a dual motor hydraulic hybrid transmission 1' which is a variant of 

the transmission 1 of Figs. 1-4. As before, recurring features are designated by 
the same reference signs. The embodiment of Fig. 5 differs from the embodi
ment of Figs. 1-4 in that the accumulators 7a, 7b can be selectively fluidly 

5 connected to the motors 5, 6 mostly independently of the control configura
tion of the pump valves PA, PB. In addition, each of the pump valves PA, PB is 
realized with two 2/2 valves. More specifically, valve PA is realized with the 
two valves PA.A, PA.B, and valve PB is realized with the two valves PB.A and 
PB.B.  

10 

As a skilled person readily understands from the schematics of Fig. 5, the 
pump 4 can be selectively fluidly connected to both motors 5, 6 or to only one 
of the motors 5, 6.  

15 For example, the pump 4 can be fluidly connected to both motors 5, 6 by 
switching the first pump valves PA.A and PA.B to the first control position 
PA.A.1 and PA.B.1 (as shown in Fig. 5), respectively, and by simultaneously 

switching the second pump valves PB.A and PB.B to the first control position 
PB.A.1 and PB.B.1, respectively. The pump 4 can be fluidly connected to the 

20 first motor 5 and, at the same time, fluidly disconnected from the second mo
tor 6 by switching each of the pump valves PA.A, PA.B, PB.A and PB.B to their 
respective control positions PA.A.1, PA.B.2, PB.A.2 and PB.B.2. The pump 4 
can be fluidly connected to the second motor 6 and, at the same time, fluidly 
disconnected from the first motor 5 by switching each of the pump valves 

25 PA.A, PA.B, PB.A and PB.B to their respective control positions PA.A.2, PA.B.1, 
PB.A.1 and PB.B.2.  

The accumulator assembly 7 comprising the high pressure accumulator 7a and 
the low pressure accumulator 7b can be selectively fluidly connected to the 

30 hydraulic circuit using 2/2 valves VHP1, VHP2, VHP3, VHP4, VHP5, VHP6, VLPi, 
VLP2, VLP3, VLP4, VLP5, VLP6. Each of the valves VHP1...6, VLP1...6 is a 2/2
way shut-off valve having an open position and a closed position.  

The high pressure accumulator 7a can be selectively fluidly connected to each 
35 of the fluid lines 20a, 30a, 40a, 20b, 30b, 40b through a set of six high pres

sure accumulator valves VHP1, VHP2, VHP3, VHP4, VHP5, VHP6.
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Valve VHP1 

, when it is in the open position, selectively fluidly connects the high-pressure 

accumulator 7a, via its fluid line 100, to the fluid line 20a. When it is in the 

5 closed position, it isolates fluid line 20a from the high-pressure accumulator 

7a.  

Valve VHP2, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 20b. When 

10 it is in the closed position, it isolates fluid line 20b from the high-pressure ac

cumulator 7a.  

Valve VHP3, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 30a. When 
15 it is in the closed position, it isolates fluid line 30a from the high-pressure ac

cumulator 7a.  

Valve VHP4, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 40a. When 
20 it is in the closed position, it isolates fluid line 40a from the high-pressure ac

cumulator 7a.  

Valve VHP5, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 40b. When 

25 it is in the closed position, it isolates fluid line 40b from the high-pressure ac

cumulator 7a.  

Valve VHP6, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 30b. When 

30 it is in the closed position, it isolates fluid line 30b from the high-pressure ac

cumulator 7a.  

Therefore, a skilled person readily understands that a combination of the 

valves VHP1, VHP2, VHP3, VHP4, VHP5, VHP6 can be used to selectively one 

35 of: disconnect the high pressure accumulator 7a from the hydraulic circuit 3; 
fluidly connect the high pressure accumulator 7a to the first fluid port 5a of
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the first motor 5; fluidly connect the high pressure accumulator 7a to the first 

fluid port 6a of the second motor 6; fluidly connect the high pressure accumu

lator 7a to the second fluid port 5b of the first motor 5; fluidly connect the 

high pressure accumulator 7a to the second fluid port 6b of the second motor 

5 6; fluidly connect the low pressure accumulator 7b to the first fluid port 5a of 

the first motor 5 and to the first fluid port 6a of the second motor 6; and fluid

ly connect the low pressure accumulator 7b to the second fluid port 5b of the 

first motor 5 and to the second fluid port 6b of the second motor 6.  

10 Furthermore, when the pump valves PA.A, PA.B, PB.A, PB.B are switched to 

their first control position PA.A.1, PA.B.1, PB.A.1, PB.B.1, respectively, the high 

pressure accumulator 7a may be simultaneously fluidly connected to the first 

fluid ports Sa, 6a of the first motor 5 and of the second motor 6, respectively, 
through valve VHP1. Similarly, when the pump valves PA.A, PA.B, PB.A, PB.B 

15 are switched to their first control position PA.A.1, PA.B.1, PB.A.1, PB.B.1, re

spectively, the high pressure accumulator 7a may be simultaneously fluidly 

connected to the second fluid ports 5b, 6b of the first motor 5 and of the se

cond motor 6, respectively, through valve VHP2.  

20 In an analogous manner, the low pressure accumulator 7b can be selectively 

fluidly connected to each of the fluid lines 20a, 20b, 30a, 30b, 40a, 40b 

through a set of low pressure accumulator valves VLP1, VLP2, VLP3, VLP4, 

VLPS, VLP6.  

25 Valve VLP1, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 20a. When 

it is in the closed position, it isolates fluid line 20a from the high-pressure ac

cumulator 7a.  

30 Valve VLP2, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 20b. When 

it is in the closed position, it isolates fluid line 20b from the high-pressure ac

cumulator 7a.  

35 Valve VLP3, when it is in the open position, selectively fluidly connects the 

high-pressure accumulator 7a, via its fluid line 100, to the fluid line 30b. When



WO 2015/117964 PCT/EP2015/052215 

26 

it is in the closed position, it isolates fluid line 30b from the high-pressure ac

cumulator 7a.  

Valve VLP4, when it is in the open position, selectively fluidly connects the 

5 high-pressure accumulator 7a, via its fluid line 100, to the fluid line 40b. When 

it is in the closed position, it isolates fluid line 40b from the high-pressure ac

cumulator 7a.  

Valve VLP5, when it is in the open position, selectively fluidly connects the 

10 high-pressure accumulator 7a, via its fluid line 100, to the fluid line 40a. When 

it is in the closed position, it isolates fluid line 40a from the high-pressure ac

cumulator 7a.  

Valve VLP6, when it is in the open position, selectively fluidly connects the 

15 high-pressure accumulator 7a, via its fluid line 100, to the fluid line 30a. When 

it is in the closed position, it isolates fluid line 30a from the high-pressure ac

cumulator 7a.  

Therefore, a skilled person readily understands that the valves VLP1, VLP2, 

20 VLP3, VLP4, VLP5, VLP6 can be used to selectively one of: disconnect the low 

pressure accumulator 7b from the hydraulic circuit 3; fluidly connect the low 

pressure accumulator 7b to the first fluid port 5a of the first motor 5; fluidly 

connect the low pressure accumulator 7b to the first fluid port 6a of the se

cond motor 6; fluidly connect the low pressure accumulator 7b to the second 
25 fluid port 5b of the first motor 5; fluidly connect the low pressure accumulator 

7b to the second fluid port 6b of the second motor 6; fluidly connect the low 

pressure accumulator 7b to the first fluid port 5a of the first motor 5 and to 

the first fluid port 6a of the second motor 6; and fluidly connect the low pres

sure accumulator 7b to the second fluid port 5b of the first motor 5 and to the 

30 second fluid port 6b of the second motor 6.  

Furthermore, when the pump valves PA.A, PA.B, PB.A, PB.B are switched to 

their first control position PA.A.1, PA.B.1, PB.A.1, PB.B.1, respectively, the low 

pressure accumulator 7b may be simultaneously fluidly connected to the first 

35 fluid ports 5a, 6a of the first motor 5 and of the second motor 6, respectively, 

through valve VLP1. Similarly, when the pump valves PA.A, PA.B, PB.A, PB.B
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are switched to their first control position PA.A.1, PA.B.1, PB.A.1, PB.B.1, re

spectively, the low pressure accumulator 7b may be simultaneously fluidly 

connected to the second fluid ports 5b, 6b of the first motor 5 and the second 

motor 6 through valve VLP2.  

5 
In addition, two extra 2/2 valves (e.g. VHP and VLP) could be used to isolate 

accumulators 7a and 7b from lines 100 and 200 respectively, for extra safety 
and to reduce leakage.  

10 Thus, a skilled person readily understands how the transmission 1' of Fig. 5 
can be operated in the same modes of operation as the transmission 1 of Figs.  
1-4.  

The advantage of the presently proposed transmission with respect to the 
15 simple series hybrid mode is the ability to sum torque at the mechanical 

transmission input at any level of accumulator pressure, thus decoupling the 
accumulator pressure from the road load. In addition, it allows hydraulic dis

connection of one of the two motors even in standard hydrostatic mode, thus 

reducing losses.  

20 
In certain embodiments, it may be possible to simplify the circuit by removing 

some of the modes. In particular Figs. 1-4 show the basic operating modes 

and the operation of the hydraulic control devices to obtain each mode. In 

particular, the 3/3 accumulator valves (or their equivalent realization with a 
25 different embodiment) resolve the function of connecting each accumulator 

to the high pressure line of the hydraulic circuit 3, the low pressure line of the 

hydraulic circuit 3 or neither, while the 4/3 line valves switch between series 
and parallel modes. The series mode corresponds to the center position, 

when both motors are connected to the same pressure source, while the par
30 allel mode is realized by connecting the pump to the first motor and the ac

cumulator to the second motor. In this configuration, switching the accumu

lator valves changes the pressure acting on the second motor (equivalent to 

switching from boosting vs. regen).  

35 An electrical variant is also possible. The electrical variant comprises a gener
ator driving one motor, and a battery driving the other one, as opposed to
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both powering the two motors together. The electrical variant provides some 

advantage in terms of overall efficiency by reducing power electronics losses 

in certain conditions.  

5
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CLAIMS 

1. A dual motor hydraulic hybrid transmission, comprising: 

a power source; 

a hydraulic circuit comprising: 

a hydraulic pump drivingly engaged or selectively drivingly engaged with the 

power source; 

a first hydraulic displacement unit in fluid communication with the hydraulic 

pump; and 

a second hydraulic displacement unit in fluid communication with the hydraulic 

pump; 

a hydraulic accumulator assembly comprising a high pressure accumulator and a low 

pressure accumulator, the hydraulic accumulator assembly in fluid communication with the 

hydraulic circuit; 

one or more control valves; and 

an output shaft; 

wherein the first hydraulic displacement unit is drivingly engaged or selectively drivingly 

engaged with the output shaft, and wherein the second hydraulic displacement unit is drivingly 

engaged or selectively drivingly engaged with the output shaft; 

wherein the control valves are configured to selectively: 

fluidly connect the hydraulic pump to the first hydraulic displacement unit while 

fluidly disconnecting the hydraulic pump from the second hydraulic displacement unit; 

and, simultaneously, 

fluidly connect the hydraulic accumulator assembly to the second hydraulic 

displacement unit while fluidly disconnecting the hydraulic accumulator assembly from 

first hydraulic displacement unit; and 

wherein the control valves are additionally configured to selectively: 

fluidly connect the hydraulic pump to the second hydraulic displacement unit while 

fluidly disconnecting the hydraulic pump from the first hydraulic displacement unit; and, 

simultaneously, 

fluidly connect the hydraulic accumulator assembly to the first hydraulic 

displacement unit while fluidly disconnecting the hydraulic accumulator assembly from 

second hydraulic displacement unit.
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2. The dual motor hydraulic hybrid transmission of claim 1, wherein the control valves are 

additionally configured to selectively simultaneously fluidly connect the hydraulic pump to the 

first hydraulic displacement unit and to the second hydraulic displacement unit.  

3. The dual motor hydraulic hybrid transmission of any one of the preceding claims, 

wherein the control valves comprise at least one pump valve, the pump valve providing fluid 

communication between the hydraulic pump and the hydraulic displacement units and the pump 

valve having three control positions or control configurations including a first control position or 

first control configuration, a second control position or second control configuration, and a third 

control position or third control configuration; wherein 

when the pump valve is set to the first control position or to the first control configuration, 

the pump valve fluidly connects the hydraulic pump to the first hydraulic displacement unit and 

to the second hydraulic displacement unit; 

when the pump valve is set to the second control position or to the second control 

configuration, the pump valve fluidly connects the hydraulic pump to the first hydraulic 

displacement unit and fluidly disconnects the hydraulic pump from the second hydraulic 

displacement unit; and 

when the pump valve is set to the third control position or to the third control 

configuration, the pump valve fluidly connects the hydraulic pump to the second hydraulic 

displacement unit and fluidly disconnects the hydraulic pump from the first hydraulic 

displacement unit.  

4. The dual motor hydraulic hybrid transmission of claim 3, wherein the hydraulic pump, 

the first hydraulic displacement unit and the second hydraulic displacement unit each comprise a 

first fluid port and a second fluid port; 

wherein the at least one pump valve comprises a first pump valve, the first pump valve 

providing fluid communication between the first fluid port of the hydraulic pump, the first fluid 

port of the first hydraulic displacement unit and the first fluid port of the second hydraulic 

displacement unit, and the first pump valve having three control positions including a first 

control position, a second control position, and a third control position, wherein the first, second, 

and third control position of the first pump valve correspond with the first, second, and third 

control position or with the first, second, and third control configuration of the at least one pump 

valve, respectively, wherein:
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when the first pump valve is set to the first control position, the first pump valve fluidly 

connects the first fluid port of the hydraulic pump to the first fluid port of the first hydraulic 

displacement unit and to the first fluid port of the second hydraulic displacement unit; 

when the first pump valve is set to the second control position, the first pump valve 

fluidly connects the first fluid port of the hydraulic pump to the first fluid port of the first 

hydraulic displacement unit and fluidly disconnects the first fluid port of the hydraulic pump 

from the first fluid port of the second hydraulic displacement unit; and 

when the first pump valve is set to the third control position, the first pump valve fluidly 

connects the first fluid port of the hydraulic pump to the first fluid port of the second hydraulic 

displacement unit and fluidly disconnects the first fluid port of the hydraulic pump from the first 

fluid port of the first hydraulic displacement unit; and 

wherein the at least one pump valve comprises a second pump valve, the second pump 

valve providing fluid communication between the second fluid port of the hydraulic pump, the 

second fluid port of the first hydraulic displacement unit and the second fluid port of the second 

hydraulic displacement unit, and the second pump valve having three control positions including 

a first control position, a second control position, and a third control position, wherein the first, 

second, and third control position of the second pump valve correspond with the first, second, 

and third control position or with the first, second, and third control configuration of the at least 

one pump valve, respectively, wherein: 

when the second pump valve is set to the first control position, the second pump valve 

fluidly connects the second fluid port of the hydraulic pump to the second fluid port of the first 

hydraulic displacement unit and to the second fluid port of the second hydraulic displacement 

unit; 

when the second pump valve is set to the second control position, the second pump valve 

fluidly connects the second fluid port of the hydraulic pump to the second fluid port of the first 

hydraulic displacement unit and fluidly disconnects the second fluid port of the hydraulic pump 

from the second fluid port of the second hydraulic displacement unit; and 

when the second pump valve is set to the third control position, the second pump valve 

fluidly connects the second fluid port of the hydraulic pump to the second fluid port of the 

second hydraulic displacement unit and fluidly disconnects the second fluid port of the hydraulic 

pump from the second fluid port of the first hydraulic displacement unit.  

5. The dual motor hydraulic hybrid transmission of any one of the preceding claims, 

wherein the control valves are additionally configured to selectively simultaneously fluidly
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connect the hydraulic accumulator assembly to the first hydraulic displacement unit and to the 

second hydraulic displacement unit.  

6. The dual motor hydraulic hybrid transmission of any one of the preceding claims, 

wherein the first hydraulic displacement unit and the second hydraulic displacement unit each 

comprise a first fluid port and a second fluid port, and wherein the control valves are configured 

such that fluidly connecting the hydraulic accumulator assembly to one or both of the first 

hydraulic displacement unit and the second hydraulic displacement unit includes selectively one 

of: 

fluidly connecting the high pressure accumulator to the first fluid port or to the first fluid 

ports and, simultaneously, fluidly connecting the low pressure accumulator to the second fluid 

port or to the second fluid ports; and 

fluidly connecting the high pressure accumulator to the second fluid port or to the second 

fluid ports and, simultaneously, fluidly connecting the low pressure accumulator to the first fluid 

port or to the first fluid ports.  

7. The dual motor hydraulic hybrid transmission of any one of the preceding claims, 

wherein the control valves comprise at least one accumulator valve, the accumulator valve 

providing fluid communication between the accumulator assembly and the hydraulic 

displacement units and the accumulator valve having at least three control positions or control 

configurations including a first control position or first control configuration, a second control 

position or second control configuration, and a third control position or third control 

configuration, wherein the accumulator valve is configured such that: 

when the accumulator valve is set to the first control position or to the first control 

configuration, the hydraulic accumulator assembly is fluidly disconnected from the hydraulic 

circuit; 

when the accumulator valve is set to the second control position or to the second control 

configuration, the high pressure accumulator is selectively fluidly connected to the first fluid port 

of at least one of the first and the second hydraulic displacement unit, and the low pressure 

accumulator is fluidly connected to the corresponding second fluid port or fluid ports of the 

hydraulic displacement unit or units to which the high pressure accumulator is fluidly connected; 

and 

when the accumulator valve is set to the third control position or to the third control 

configuration, the high pressure accumulator is selectively fluidly connected to the second fluid
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port of at least one of the first and the second hydraulic displacement unit and the low pressure 

accumulator is fluidly connected to the corresponding first fluid port or fluid ports of the 

hydraulic displacement unit or units to which the high pressure accumulator is fluidly connected.  

8. The dual motor hydraulic hybrid transmission of any one of claims 3 and 4 and of claim 

7, wherein the at least one accumulator valve is in fluid communication with the hydraulic 

displacement units through the at least one pump valve.  

9. The dual motor hydraulic hybrid transmission of any one of claims 7 and 8, wherein the 

at least one accumulator valve comprises at least one high pressure accumulator valve, the high 

pressure accumulator valve providing fluid communication between the high pressure 

accumulator and the hydraulic displacement units and the high pressure accumulator valve 

having at least three control positions including a first control position, a second control position, 

and a third control position, wherein the first, second, and third control position of the high 

pressure accumulator valve correspond with the first, second, and third control position or with 

the first, second, and third control configuration of the at least one accumulator valve, 

respectively, wherein: 

when the high pressure accumulator valve is set to the first control position, the high 

pressure accumulator valve fluidly disconnects the high pressure accumulator from the hydraulic 

displacement units; 

when the high pressure accumulator valve is set to the second control position, the high 

pressure accumulator valve selectively fluidly connects the high pressure accumulator to the first 

fluid port of at least one of the first and the second hydraulic displacement unit; and 

when the high pressure accumulator valve is set to the third control position, the high 

pressure accumulator valve selectively fluidly connects the high pressure accumulator to the 

second fluid port of at least one of the first and the second hydraulic displacement unit; and 

wherein the at least one accumulator valve comprises a low pressure accumulator valve, 

the low pressure accumulator valve providing fluid communication between the low pressure 

accumulator and the hydraulic displacement units and the low pressure accumulator valve having 

at least three control positions including a first control position, a second control position, and a 

third control position, wherein the first, second, and third control position of the low pressure 

accumulator valve correspond with the first, second, and third control position or with the first, 

second, and third control configuration of the at least one accumulator valve, respectively, 

wherein:



34 

when the low pressure accumulator valve is set to the first control position, the low 

pressure accumulator valve fluidly disconnects the low pressure accumulator from the hydraulic 

displacement units; 

when the low pressure accumulator valve is set to the second control position, the low 

pressure accumulator valve selectively fluidly connects the low pressure accumulator to the 

second fluid port of at least one of the first and the second hydraulic displacement unit; and 

when the low pressure accumulator valve is set to the third control position, the low 

pressure accumulator valve selectively fluidly connects the low pressure accumulator to the first 

fluid port of at least one of the first and the second hydraulic displacement unit through the first 

pump valve.  

10. The dual motor hydraulic hybrid transmission of any one of claims 3 and 4 and of any 

one of claims 8 and 9, wherein the at least one pump valve and the at least one accumulator 

valve are further configured such that: 

when the pump valve is set to the first control position or to the first control configuration 

and the accumulator valve is set to the second control position or to the second control 

configuration, the high pressure accumulator is fluidly connected to the first fluid ports of the 

first and the second hydraulic displacement unit and the low pressure accumulator is fluidly 

connected to the second fluid ports of the first and the second hydraulic displacement unit; 

when the pump valve is set to the first control position or to the first control configuration 

and the accumulator valve is set to the third control position or to the third control configuration, 

the high pressure accumulator is fluidly connected to the second fluid ports of the first and the 

second hydraulic displacement unit and the low pressure accumulator is fluidly connected to the 

first fluid ports of the first and the second hydraulic displacement unit; 

when the pump valve is set to the second control position or to the second control 

configuration and the accumulator valve is set to the second control position or to the second 

control configuration, the high pressure accumulator is fluidly connected to the first fluid port of 

the second hydraulic displacement unit, the low pressure accumulator is fluidly connected to the 

second fluid port of the second hydraulic displacement unit, and the accumulator assembly is 

fluidly disconnected from the first hydraulic displacement unit; 

when the pump valve is set to the second control position or to the second control 

configuration and the accumulator valve is set to the third control position or to the third control 

configuration, the high pressure accumulator is fluidly connected to the second fluid port of the 

second hydraulic displacement unit, the low pressure accumulator is fluidly connected to the first
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fluid port of the second hydraulic displacement unit, and the accumulator assembly is fluidly 

disconnected from the first hydraulic displacement unit; 

when the pump valve is set to the third control position or to the third control configuration 

and the accumulator valve is set to the second control position or to the second control 

configuration, the high pressure accumulator is fluidly connected to the first fluid port of the first 

hydraulic displacement unit, the low pressure accumulator is fluidly connected to the second 

fluid port of the first hydraulic displacement unit, and the accumulator assembly is fluidly 

disconnected from the second hydraulic displacement unit; and 

when the pump valve is set to the third control position or to the third control configuration 

and the accumulator valve is set to the third control position or to the third control configuration, 

the high pressure accumulator is fluidly connected to the second fluid port of the first hydraulic 

displacement unit, the low pressure accumulator is fluidly connected to the first fluid port of the 

first hydraulic displacement unit, and the accumulator assembly is fluidly disconnected from the 

second hydraulic displacement unit.  

11. The dual motor hydraulic hybrid transmission of any one of the preceding claims, 

wherein the first hydraulic displacement unit and the second hydraulic displacement unit are 

drivingly engaged or selectively drivingly engaged with the output shaft through a summing 

gearbox, the summing gearbox configured to sum a first torque provided by the first hydraulic 

displacement unit and a second torque provided by the second hydraulic displacement unit at the 

output shaft.  

12. The dual motor hydraulic hybrid transmission of claim 11, wherein the summing gearbox 

is additionally configured to selectively one of: 

drivingly engage only one of the first and the second hydraulic displacement unit with the 

output shaft; and 

disengage both hydraulic displacement units from the output shaft.  
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