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DESTRIPTION

o -

components thereof are driven by a hydraulic drive system. ]

......................... - sm,ha hydmuh(, (iriw,,gzystem,

S TR e S e SRR T T T T T .

hydraulic oil is supplied to various actuators from a pump driven by an engine.

{0003] Forexample, Patent Literature | discloses a hydraulic drive system in which a

{0004 ] Specifically, in the hydraulic drive system disclosed

Citation List

.......... ¢} a5 in the hydraulic drive system disclosed by Patent

..'-' -'

[0007]  Meanwhile, in a hydraulic drive system, it is desired that energy be regenerated by

....... S

boom lowering and/or turning deceleration.

{ 0008 ] In the hydraulic drive system disclosed by Patent Literature 1, even ina case where



R R IR R E

energy can be regenerated at the time of boom lowering and/or tuming deceleration, electric

ic drive

00107 in order to solve th ¢ above- describ ed problems, a hydraulic drive system of a

oil to a boor cylinder and a turning hydraulic motor; a regenerative hydraulic motor that is

ives th lternator mounted to the

alternator; an electrical storage device connected to the alternator; a power converter interposed

clectrical storage device is enabled and a servo-off state in which electric power transmission

..............................................................................................................................

or in a discharging mode of adjusting electric power transmitted from the electrical storage

(0011] According to the above configuration, the reg

.......................................................................................................

‘the pump driven by the engine.  Therefore, by utilizing the alternator mounted to the engine, in

ather words, without additionally installing a motor geperator at the pump side {load side) as

se device, electric power transmission

electrical storage device 18 fully charged, the power converter is switched to the servo-off state.

. TR € . M .5, T - T . P 3 <

This makes it possible to assist the driving of the pump by utilizing the energy recovered by the

regenerative hvdraulic motor insicad of storing ¢lectrie power it



electric power stored in the electrical storage device.

[OU12] The hydraulic o1l discharged from the boom cylinder at the time of boom lowering

when the boom

The hydraulic oil discharged from the boom cylinder at the time of boom lowering

) Q A %

ition that twrning deceleration be currently performed and the elecirical storage device be

cond

charging condition nor the turning charging condition is satisfied, the controller may either

state and control the power converter 1n the discharging mode.  According to this cont

supply and discharge of the hydraulic oil to and from the boom cyhinder. The boom control

ed to the boom control valve.  The boom control valve may be configured

such that at a time of boom raising, the hyvdraulic il discharged from the boom cyit

...........................................................................................

hoom cylinder can be automatically led to the regenerative hydraulic

.................................................................... o -

lowering,



[0015]  The regenerative hydraulic motor may be a variable displacement motor whose

hydraulic motor reg ¢ of the regener ative hydraulic motor.

When the turning charging condition 15 satisfied, the controller may control the regenerative

hydraulic motor regulator, such that the higher a rotation speed of the taming hydraulic motor,

This conhiguration makes it

100167 The regenerative hydraulic motor may be a variable displacement motor whose

tilting angle is changeable.  The above hydraulic drive system may include a regenerat

" . S . 2.
B S O S L R, e i T TR L0 T S O T T T T T T TP Y Telee o B o o o W e o . W e e i e o0 ool o

hydraulic motor regulator that adjusts the tilting angle of the regenerative hydraulic motor.

.........................................................................

When the boom charging condition is satisfied, the controller may control the regenerative

3 358 - N e 0

the greater the tilting angle of the regenerative hydraulic motor.  This configuration makes it

....................................................................................................................................................

According o this configuration, 2 large amount of electric power ¢an be stored 1 the clectrica

Advantageous Eftects of Invention

“ig. 1 shows a schematic configuration of a hydraulic drive system according to

Fig. 2 shows a side view of a hydraulic excavator, which is one example of

construction machine,

Fig: 3 is a block diagram showing slectrical devices in the hydraulic drive system o

...... ; .

............... chart of control performed by a controller of the hydraulic drive

peif‘imcgubmu‘im%Ojﬁlgighargmgummﬂ ON, second




charging control ON, and charging control OFF processes according to Embodiment 2.

........ T P A T aa TITTE. DRI 1. TP

variation of Embodiment 3.

Fig. 10 shows a schematic configuration of a hydraulic drive system according to

N oyl

Ermbodiment 4 of the present invention.

[0020]  (Embodiment 1)

18 g hydraulic excavator, the present invention is applicable to other construction machines, such

00211 The hydraulic

an arm cylinder 12, and a bucket cylinder 13, which are shown in Fig. 2, and also a turning

""" draulic motors that are

not shown.  The hydraulic drive system 1A further includes: a pump 16, which supplies

hydraulic oil to these actuators; and an engine 15, which drives the pump 16.  In Fig. 1,

g 5 a

purpase of simplifying the drawings.

.................

00221 In the present embodiment, the construction machine 10 is a self-propelled hydraulic

LR P "

ship, a turning unit including an operator cab is turnably supported by the hull of the ship.

(0023} The purop 16 1s & vanable displacement pump (a swash plate pump or a bent axis

pump) whose tilting angle is changeable. The tilting angle of the pump 16 is adjusted by a

................ . .

K

hydraulic pressure or may




4

.................................................

discharge of the hydraulic oil to and from the boom cylinder 11, and the tumning control valve 51
controls supply and discharge of the hydraulic oil to and from the turning hydraulic motor 14.
[0025]  To be more specific, the boom control valve 41 is connected to the boom cylinder 11

by a boowm raising supply hine 45 and a boom lowering supply line 46.  The boom control valve

*°

41 15 alsp connected {0 a regenerative switching valve 71 by a boom discharge line 32. The

regenerative switching valve 71 will be described below in fetai

connected to a boom operation valve 42 by a boom raising pilot line 43 and a boom lowering

.......................................................................

piot ine 44. The boom operation valve 42 includes an operating lever.  The boom operation

an operation araount (angle) of the operating lever.

(0027 The turning control valve 531 is connected to the turning hydraulic motor 1

turning supply line 6 72, The turning control valve 51 is also

5 are provided in a manner to bypass the

ded V&’rit}l ..........................................

:‘: ' . . . .

relief valveg 64,

.................

conmected to a first turning operation proportional valve 55 by a left turning pilot line 53, and the

.........................................................................................................................

S6 outputs, to the turnin

a 3

[0030]  The present embodiment adopts a pilot-type turning operation valve 52 including an

operating lever for turming operation.  The turning operation valve 52 outputs a pilot pressure




....... .. N .. R TR SN e e, . ) ) : S

which measures a right turning pilot pressure PR outputted from the turning operation valve 32

...............................................

..............................................................................................

fe@ds an eleciric current proportional 1o the milot pressure (PL or PR Y cuinuited

............................................................................................ . :

the pilot pressure (PL or PR} cutputted from the turning operation valve 52, However, g5 an

e corresponds to an operation

outputs, as a turning signal, an clectrical signal whose magnitu

amount {angle} of the operating lever to the controller 8.

{0031]  Inaddition, in the present emibodiment, the hydraulic drive system 1A is configured

..........................................................

regenerative hydraulic motor 18 and the aforementioned regenerative switching valve 71,

The regenerative hydraulic motor 18 1¢ coupled o the pump 16,

. . . . B Y L T T T T .

........................................................................

L ~

switching 71 is switched among a neutral position,

..........................

.......................................................................................

discharge hine 32 and the turning discharge line 33 communicate with the tank line 35, Asa

result, the hydranlic oil discharged from the boom cylinder 11 and the hydraulic oil discharged

Ry ST T - TS Ce T T e S - - o S v ¥ L o S JORRE RO SO0

from the turning hydraulic motor 14 are led to the tank.  When the regenerative swiitching valve

reas the boom discharge line 32 communicates with the regenerative line 34,

hrottle capable of ¢




%

of communication between the boom discharge line 32 and the tank

v .

raing regenerative pifot port 73 for switching the regenerative switching valve 71 to the

TR T R

with the regenerative line 34,

{0037 The boom regenerative pilot port 72 is conuected to a boom regenerative operation

Py : ¢

regenerative pilot Hine 76.

‘the turning regenerative operation proportional valve 77 outputs, to the regenerative switching

% ~

Valve ?1?8 Secfidar}y preSSure vvhoge magng iie C() .............. ?gi‘iiion-ithe

- % e S s T A o S > S L A

‘s fiest elecirical storage d evice 231 he al

storage device 25 is connected to the first electrical storage device 23,

slectrical storage devi 2., 48 V) slightly

""" ¢ second

oad 26 is connected to

the alternator 21 and the first electrical storage device 23, A second power converter 24 for

[0040]  The alternator 21 includes a rotary shaft (not shown} connected to the output shaft of

.............................................

the engine 15 via a motive power transmitter, such as a belt.  The alternator 21 is operable to



rotate the output shalt of the cagine 15 when clectric power 15 supplied to the alternator 21, For

voltage of the alternator 21 may be less than 30 V. In the present embodiment, the alternator 21

U T R < <

Thae first power converter 2218 switched between a servo-~-on state and a servo~-off

L]
...........................................................

transmission b 21 and the e device 2

Sﬁ“ﬂ’(}“f ....... el 8 R

..........................................................................................................................................

R

converter 22 either in a charging

transmitted from the first electrical storage device 2

As described above, the controller 8 controls

proportionat valves 55 and 56, the boom regene

turning regenerative operation propor

.................................................................................

Spectiically, the controller 8 18 connected to the aforementioned first and second pressure meters

[0043]  Next, contro med by o Fig. 4 and

P TEL TR TEIE Tt T L P SPTPI S NI

valve 71 via the boom regenerative operation proportional valve 75 and the turmi

energy at turning In the present embo diment , when either a boom charging

When neither the boom charging condition nor the turning charging condition is satisfied, the



the boom lowering pilot line 44 measured

10

e R AR A R e T erzzlﬁ thf;‘

3

[0044] First, the controller 8 determines whe

-

[D045] Instep S12, the controller 8 determines whether or not charging of the first electrica

. R T . T . I T T T - . - I I I T T T T I T . - IT

for example, the amount of electric power stored in

tep S13). I it is determined NO in step 812, the

~

controller 8 carries out a charging control

10046} On the other hand, in step S135, the controller 8 deternmunes whether or not turning

.................................................................................................................................................

b |

deceleration is being performed (i.e., whether or not the left tuming pilot pressure PL measured

»

816. Ifitis determined NO i

10047 § In step 516, the controller § determines whether or not @h&fgﬁ }

storage device 23 is perfo rmable on, for example, the amount of electric power stored in.

...............................................

he first electrical storage device 23, it i¢ determined YES in step 816, the controller 8 carries

3 ) 3

¢ charging control OFF process {step $14). Determining YES

In the

condition is satisfied, as shown in Fig. 5A, first, the controller § switches the firs

L, T, I e, PO < T T ST T (LR -, S R S, S S S N S S T T, O - T T T T T T o . e . o T T T T T T T T T Y

converter 22 to the servo-on state (step 531}, Then, the controller § feeds an electric curvent

R »

thereby swiiching the regenerative switching valve 71 to the boom regenerative position (step




il

§32. ang §34.

o >
4

carried out, the controller 8 feeds an electric current proportional to the pilot pressure (PL or PR)

.........................

{0050

<

the controller & sets the outputs

the ﬁ’immgﬁpeiaﬁonwive’iz

00D 1] In the second ¢ ON process i

thereby switching the regenerative switching valve 71 to the turning regenerative position (step

........................................

the magnitude of the electric current fed from the controller 8 to the turning regener

[0052]  As aresult of performing steps 841, 842, and 844, energy recovered by the

................................. M o s s e .

e controller 8 sets the outputs from the respective first and secon

................ [ valve 51 (step S45). For example, the controller § foeds an

..... T RN Tk

1c current to the first tumming operation proportional valve 55 or the second turning




operation proportional valve 56, such that the area of opening of valve 51 is

L B M e e A i m. . .

Alternatively, during the second charging control ON proc ¢ carned out,

case where the first electrical storage device 23 is un-chargeable, the above-described control in

...................

‘3 “ A -

{0034}  In the case where neither boom lowering nor turning deceleration is being performed,

the controller & carries ou

shown n Fig. 5C.

is being performed, an additional process is carried out after the

...............

FOUSS First, the controller 8 determines whether or not discharging

not the current state is

the first power converter 22 to the servo-on state and controls the first power converter 22 in the

disc a wiﬂgmoéed l‘“ ......................

10057} As described above, in the hydraulic drive system 1A of the present embodiment, the

regenerative hydraulic motor 18 1s coupled to the pump 16 driven by the engine 15.  Therefore,

by utilizing the alternator 21 mounted to the engine 15, in other words, without additionally

1mtaihngdmtr gmeratmatthepump i6 sgje(io,ﬁd S}dg} a¢ ceen fromthe engme 15, the

energy recovered by the regenerative h

storage device 23 as electrical energy.

............................................................ “

€ @

transmission from the alternator 21 to the first electrical storage device 23 can be controlled.



13

In the above-described embodiment, in both the charging control OFF process (step

..... &

regenerative position at the time of turning deceleration.  This makes it possible to assist the

.........................................

mstead of storing electric power in the first electrical storage device 23,

........................... ST SPMD" BRI

L0059 The regenerative switching valve 71 need not be a single three-position valve, but

may be configured as a pair of two-position valves, i.¢., a boom-side two-position valve to which

the boom discharge line 32 is connected and a turning-side two-position valve to which the

L)

such that both energy at boom lowering and enerpy at turning deceleration can be regenerated.

stem LA may be configured such that only one of the energy at

.....

discharge hme (32 or 33), a tank line may be connected to the boom control valve 41 or the

{0061 ] For exampie, i a case where only the hydraulic o1l discharged from the boom

cylinder 11 at the time of boom lowering is led to the regenerative hvdraulic motor 18, when the

............................................................................................................................

............................................................................................

v N » A

boom charging condition is not satisfied, the controller & may either switch the first power

and conirol the first power converter 22 in the discharging mode.

Rmbodiment 2 of the present invention is described with reference to Fig. 6 and Figs. 74 10 7C.

............................... . A .. .. o2

repeating the same descriptions 1s avoided.

00631 In the present embodiment, the regenerative hydraulic motor 18 is a variable

............................................................... 9. . T L. T e, o

(a swash plate motor or a bent axis motor} whose tilting angle is changeable.

4



............. djusted by a regenerative hvdraulic

controlled by the controller 8. For example, in a case where the regenerative hydraulic motor

: : . N IS IPTPR . ho L S S

Orms coniro

ON process, after step $32 and before step 834,

e of the regenerative hydraulic motor 18

based on a factor at boom lowering (step S33)

operation amount ofthsbaompemten valve 42, the greater the tilting angle o

or alternatively, the pressure of the boom raising supply line 45 measured by the fourth pressure

............................................. y.. ‘.‘. ‘.'.‘.‘. . . ..‘.....

controller 8 adjusts the tilting angle of the regenerative hydraulic motor 18 via the regenerative

hydraulic motor regulator 19 based on a factor at twrning deceleration (step S43).  For example,
the controller § controls the regenerative hydraulic motor regulator 19, such that the higher the

.: .....

greater the tilling angle of the regenerative hydraulic motor 18, This makes it possible to

suitably perform energy recovery in accordance with the turning speed. It should be noted that,

¥

.......




hydraulic motor 14 measured bvthcmtaimn 5pee

0067

LOU68 The present embodiment provides the same advantageous effects as those provided

by Embodiment 1.
{0069

ihic drive system 1C of a construction machine according to

................

2 are denoted by the same reference signs as those used in Embodiments | and 2, and repeating

regenerative hydraulic motor 18 by a boom discharge line 37, and a tank line 36 is connected to

-y - S T R I T W™ S e S S

boom raising, the hydraulic oil discharged from the boom cylinder 11 flows into the tank line 36

through the boom contrel valve 41, and at the time of boom lowering, the hydraulic ail

:‘ ............................................

valve 41, With this configuration, at the time of boom lowering, the hydraulic oil discharged

...............................

other hand, when the boom control valve 41 moves in the boom lowering direction, the supply

...........

» - -~

supply line 45 comes inte communication with the boom discharge line 37.

Int the present embodiment, the turning control valve 51 is connected to a

e 78 by the turning discharge bine 33, The regenerative switching

..............................................................................................................

......................................................................................

non-regenerative position, the turning discharge line 33 communicates with the tank line 35.




regenerative switching valve 78 is a solenoid on-off valve driven by the controller 8. Also in

™

deceleration.  That is, even at the time of turning deceleration, if boom lowering is being

non-regenerative position.  On the other hand, at the time of turning deceleration, if boom

lowering is not being performed, then the controller 8 switches the regenerative switching valve

8 performs control in sccordance with the flowcharts shown in Figs. 4 and 54 to 5C, except the

AN N A I ST

The present embodiment provides the same advantageous effects as those provided

10075

%Irariati{}nsh(}\&,n ..... . . }}r rgﬁjs R R REy. RE T TR TN o . TR R

ic motor 18 may be a variable ¢ isplacement

f a consiruction machine according to

eod with reference to Fig. 10. It should be

i to 3 are denoted by the same reference sions as those used i Embodiments 1 to 3, and

..............................

A e

repeating the same descriptions is avoided.
77

operation amount {angle) of the operating lever of the turning operation valve 52

In the present embodiment, a switching valve 91 for selecting one of the turning

supply line 62, The switching valve 91 is connected to the regenerative switching valve 78 by a

..............

(30791 valve 91 is a solenoic

.............................................. d on-off valve driven

............ L

by the controller 8. However, as an alternative, the ¢

he switching valve 91 may be merely a high

: : : . 5 . N < L S - R S A

the time of left tumning deceleration and to a second position at the time of right turning



is in the second position, the left turning supply line 61 at the discharge side communicates with

the discharge line 92.  Except at the time of turning deceleration, it d oes not matter whether the

(0080 In Embediment 2, the regenerative switching valve 78 has three ports.  However, in

.......................................................................

non-regenerative position, the regenerative switching valve 78 blocks the turning discharge line

92 and the regenerative line 38 When in the regenerative position, the regencrative switching

3 L . . < S S

is being performed, then the controller 8 keeps the regenerative switching

78 to the regenerative position. I should be noted

the control of the switching valve 91 and the regenerative switching valve 78 and the control of

.......................................................................

...........................................

. ° ----------------------------

wpodiment L. In addition, in the present embodiment, the pilot circuit between the turning

configuration.

{0083 ] Of course, i 1s understood that, as in a hydraulic drive system 1F according to one

E

fig. 11, the regenerative hydraulic motor 18 may be a varishble displaceme

variation shown in |

.......................................................................

motor 14 may be installed, similar io Embodiment 2.

[0084] (Other Embodiments)

:‘ : : .‘: -------------------

................. departing from the spirit of the present invention.

LOUBS For example, in each of Embodiments 1 to 4, a one-way clutch may be provided



FAto 10 hydraulic drive system

§  controller

v

10 construction machine

11 boom cylinder

14 turning hydraulic motor

15 engine

o TR B s TTss. SR £ i L

18 regenerative hydraulic motor

19 regenerative hyvdraulic motor regulator

21 alternator

32,37 boom discharge line

35,36 tank line

41 boom control valve

slve

77 turning regenerative operation proportional valve



a pump that supplies hydraulic oil to a boom cylinder and a tuming hydraulic motor;

a regenerative hydraulic motor that is coupled to the purap and to which the

. a-

hydraulic oil discharged from the boom cylinder at a time of boom lowering and/or the hydraulic

oil discharged from the turning hydraulic motor at a time of tuming deceleration is/are led;

b e e SEEARARE AR R R TR AR SR SRS T

.........................................................

......................

.8 L S

engine when electric power is supplied to the alternator;

state in which electric power transmission between the alternator and the electrical storage

a controller that switches the power converte

alternator to the electrical storage device or in a discharging mode of adjusting electric power

led to the regenerat

'

currently performed and the electrical storage device be currently

converter in the charging mode, and when the boom charging ¢o ndition is not satisfied, the

...........................................

v

controlter either switches th

.....................................................................................................................................

R

ischarging mode.

....................... lowering

and the hydraulic ot discharged from the turming hydraulic motor at the time of tuming



deceleration are led to the regenerative

and the electrical storage device be currently in a chargeable state, is satisfied, the controller

switches the power converier 1o the servo-on state and controls tf ¢ power converter in the

VN L ek e

when neither the boom charging condition nor the turning charging condition is

s

power converter to the servo-on state and controls the power converter in the discharging mode.

comprising a boom control valve that controls supply and discharge of the hydraulic oil to and

the boom control valve ig connected fo the regenerative hydrau

4,

1

Ve

when the turing charging condition is satisfied

, the controller controls the

regenerative hydraulic motor regulator, such that the higher a rotation speed of the turning

........................................................

1IC IBoIoE




angle is changeable,

% .

7. The hydraulic drive system of a construction machine gccording to any one of claims
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