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Chapter 5 : Power train



Power train
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1. Engine (SDA6D140E-3)
2. Damper
3. Universal joint

4. Scavenging pump

5. HSS charge pump m/-"—\ o

6. Work equipment pump
(SAR(4)-112)
7. PTO
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8. Steering lubricating oil pump
(SAR(3)-100)

9. Power train pump
(SAL(2)-56)

10. Torque converter charge
pump
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(SAL(2)-25)

11.
12.
13.
14.
15.
16.

Torgque converter
Transmission

Bevel gear

HSS unit

HSS motor (HMF140)
Brake

. Final drive

. Sprocket

. Track shoe

. Fan pump (LPV45)

. HSS pump (HPV160)
. Fan motor (LMF55)
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Power train unit KOMA‘.su

Torque converter, PTO || Work equipment W Brake valve || HSS motor (HMF140)
(TCS43-17A) pump (SAR(4)-112) | &
Transmission
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Power train unit

Transmission main relief valve
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Power train unit

Power train pump (SAL(2)-56) Torque

Steering lubricating oil pump (SAL(3)-100 converter
g g oil pump (SAL(3) )i charge pump ...

. (SAL(2)-25)
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Scavenging pump (112) || ppc, Hss charge || Scavenging Power train pump
W pump (71) ptum_p X | strainer
strainer
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POWER TRAIN KOMA‘.S"

Transmission control valve

‘ Power train lubrication pump (SAL(3)-100)

Power train pump (SAL(2)-56)
Torque converter
charge pump (SAL(2)- I
25)

Brake control valve

Scavenging

pump (112) | //

N
P
& : :
by Main relief valve
~
Power train oil cooler : :
o _ Centralized pressure detection port
(built in radiator lower I
tank) Power train oil filter Power train oil strainer
D155AX-5 JETTO000200
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Torque converter KOMA‘.S“

1. Power train/steering lubrication pump mount

A. Torque converter oil inlet port 2. HSS pump mount

B. To oil cooler 3. Scavenging pump mount

C. From transmission case (to power train/steering 4. Fan pump mount
lubrication pimp) 5. Work equipment pump mount

D. To transmission case (passage) 6. PTO lubrication tube
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Torque converter
\\

I 3\
10 N 1) N

N\
— 5 a\

14 15

—

KOMA1ISU

~7. Input coupling

8. PTO drive gear (No. of teeth: 55)

9. PTO idler gear shaft

10. PTO idler gear (No. of teeth: 74)
11. PTO case

12. Drive case

13. Turbine

14. Pump

15. Stator

16. Stator shaft

17. Transmission input shaft

JETT000200
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~ Torque converter
12

Flow of power

* The engine power is transmitted through the damper and
universal joint to coupling (1) and rotates input shaft (2),
drive case (3), and pump (4) as 1 unit. The power of the
pump rotates turbine (5) through oil. Then, the power of the
turbine is transmitted through turbine boss (6) to
transmission input shaft (7). The power of input shaft (2) is
used to drive gear pumps through idler gear (8).
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* The oil is sent through the main relief valve and its pressure
is reduced below the set pressure by the torque converter
relief valve. Then, it flows in inlet port A and through the oil
path of stator front housing (1) to pump (2). The oil is given
centrifugal force by pump (2) and flows in turbine (3) and
gives its energy to turbine (3). The oil from turbine (3) is sent
to stator (4) and then returned to pump (2). A part of the oil is
sent from stator (4) through outlet port B to the oil cooler,
however.



_Transmission No.1

Outline

* The transmission consists of planetary
gear systems and disc clutches and has
3 forward gear speeds and 3 reverse gear
speeds.

* Among the 5 sets of planetary gear
system and disc clutch of the
transmission, 2 clutches are fixed
hydraulically with control valves to select
1 rotating direction and rotating speed.

e Clutches No. 1, No. 2, No. 3, No. 4, and
No. 5 are fixed respectively when the
reverse, forward, 3rd, 2nd, and 1st gears

are selected.
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Gear speeds and operated clutches

Gear speed Operated clutches (Turned ON)

No.2-MNo.5
No.2-MNo.4

Forward 1st
Forward 2nd
Forward 3rd No.2-Mo.3

Meutral 1. Nos
Reverse 1st Mo.1-Mo.5
Reverse 2nd Mo.1-Mo.4
Reverse 3rd Mo.1:-MNo.3

21 While the transmission is in neutral, the 1st

clutch is filled with low-pressure oil and en-
gaged so that the machine can start without a
time lag.
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Output shaft
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Transmission No.3

No. 2 clutch is actuated by the

hydraulic pressure applied to the
clutch piston, and holds ring gear

F1

1in position. No. 5 clutch is
actuated by the hydraulic pressure
applied to the clutch piston, and
engages ring gear 3.

The motive force from the torque
converter is transmitted to input
shaft, and the rotation of the input
shaft passes through sun gear 1
and is transmitted to planet pinion
1.

Ring gear 1is held in position by
No. 2 clutch, so the rotation of

planet pinion 1 rotates carrier 1,
which is on the inside of ring
gearl.

Carrier 1 and carrier 2 are joined
by a spline, and rotate as one unit,
so the rotation of carrier 2 passes
through planet pinion 2 and is
transmitted to ring gear 2.

Carrier 3is meshed with ring gear 2,
and rotates as one unit, so the rotation
is transmitted to planet pinion 3.

Ring gear 3 is being held in position by
No. 5 clutch, so the rotation of planet
pinion 3 rotates sun gear 2, and this
rotates output shatft.
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TransmissionNod _ IKOMATSU

pin discs piston
piston return springs\ ’ plates housing
b i /

* To lock ring gear a disc clutch is used. The

clutch consists of piston, plates, discs, pin and T g
piston return springs. The internal teeth of the |'|

disc engage with the external teeth of the ring
— :w.

Operation of disc clutch /

lock ring gear . i

gear. The teeth on the outside diameter of the
plate engage with pins secured by housing. ;_F‘F

o !

I

Oil circuit of 1st clutch

Since the 1st clutch is the farthest from the control
valve and has the longest circuit to the cylinder,
takes the longest time to fill the circuit.

To solve this problem, the oil is supplied to the 1st o

clutch even if the gear shift lever is in the NEUTRAL From tranamission B

position, @

Accordingly, when the gear shift lever is shifted from = . — =V — I
the NEUTRAL position to the F1 position, the pump :_; @\ ’ 2
is required to supply oil of only a quantity to fill the forward =———1 | | o A
clutch. |
When the gear shift switch is changed from the F1 to J y,
F2, the pump is required to supply fill of only quantity T ! FHHH
to fill t_he 2nd. clutch §|ncetheforward clutch has L] I:L I |ﬂm | __I'J—
been filled with the oil. Hl

The time lag in the gear shifting operation is reduced

by using the oil as explained above.

L]

1st clutch piston

D155AX-5 JETTO000200
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MANEUVERABILITY FEATURES (PCCYS)

MHOMAT SIE

D155AX-5

D155AX-2

D155A X-20nly one clutch engagement hydraulic
pressure pattern, it is impossible to control smooth and
optimum clutch engagement. (Electric operated
mechanical modulation)

D155AX-2stem has five-piece ON-OFF type sclenoids
and selects clutch, but it is impossible to change clutch

Tl’ansm ISSION Features D155AX-5 transmission uses an all-speed electronic
. modulation system. Controller automatically adjusts
M Od u I at| on each clutch engagement depending on travel
conditions such as gear speed, rpm and shift pattern.
com par I son This provides shockless smooth clutch engagement.
‘ When loaded
c T L
O
a2 2 !
n s 3 |
£ 82 A
» T O | No load
c > E_ :
© < ;
= Conventional
-
Time
Previous speed
clutch pressure kept
Preventing time
lag and torque off.
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5 !
522 !
2 > 2 I
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D155AX-5
Power train Time

D155AX-2 ystem loses previous clutch engagement

engagement hydraulic pressure pattern due to
mechanical control.

[

hydraulic
pressure

Not changed (fixed)

Transmission

.
Time

FZDMO0301

pressure when gear shifting, causing time lag and
torque off.

Previous speed
clutch pressure

pressure

Transmission
hydraulic

. -
* Time
Time lag and
torque off

FZDMO0BS8




TRANSMISSION ECMV [No.1]

QOutline of ECMV =
® ECMV (Electronic Control Modulation Valve) consists of the &
following two units, a pressure control valve and fill switch. O 4
Pressure control valve - E—J
® Converts a current sent from the transmission controller to the § o
proportional solenoid valve, to an oil pressure. ~ =
Fill switch s E
® Detects that the clutch is filled with oil. It has the functions a o

Before gear shift (When draining) ..su
P TR

Filling starts (During trigger) —

.~ buring filling
- %D

G N\ Voltage regulation

“Filling finishes

below. 0 e = (Sec)
® 1) It outputs a signal (fill signal) to the controller as soon as . '
the clutch is filled with oil to report the completion of filling. 72! "f“"‘ H
® ?2) It outputs a signal (fill signal) to the controller while an oil >
pressure is applied to the clutch to report the presence/absence <
of oil pressure. -
=0 —— = (Sec)
o V) | |
o= 4 _OFF
- p | L : = (Sec)
W © Time |
D155AX-5 SJHO1003
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_TRANSMISSION ECMV [No.2] _ KOMATSU

_ _ Characteristics of proportional
ECMV and proportional solenoid solenoid current-propulsion force

® One proportional solenoid is attached to one ECMV. After N (kg)

receiving the command current from the controller, it
produces thrust in the right figure.

By making the proportional solenoid-produced thrust act on
the pressure control valve spool, it produces an oil pressure
shown in the figure below. By controlling the amount of
command current, the thrust is changed to operate the
pressure control valve, controlling the oil flow and oil

Propulsion force
_h-.

pressure.
ECMV and fill switch 0 (A)
® One fill switch is attached to one ECMV. S e GiErand
® \When the clutch completes filling, the pressure of the clutch
turns "ON" the fill switch. By this signal, the oil pressure Ch? ract ld%r isti ci» of Fh_lilmrt lonal
starts build-up. salenaol propulsion=ai Pressure
P MPa{ke/cm’)
=
=
0 N{kgl
D155AX-5 = Propulsion force

Power train Page 1



TRANSMISSION ECMV [No.3]

1. Before gear shift (Region A in the diagram)

e \When a current is not carried to the
proportional solenoid, the pressure control
valve is draining the oil at the clutch port A

through the drain port dr.
Since, at that time, no oil pressure acts on the

Proportional
solenoid : OFF

oil pressure detection valve, the fill switch is
OFF.

A, E D

(a)
[

[
»

Proportional solenoid

command current

o

= (Sec)
Time ee

(MPalke/cm’t)

Clutch input oressure

0 > = (Sec)

—
-
—

Fill switch
output sienal
[ =]
L
1
=
4
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Power train
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Fill switch:OFF

F LSS
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P/L Pump
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G4 4

A\ b

1A Y
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/ Clutch : OFF
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TRANSMISSION ECMV [No.4]

2. When filling

(When inputting the trigger command to the pressure control valve)

(B and C regions in the diagram)
e If you supply a current to the proportional

solenoid with no oil in the clutch, an oil pressure
proportional to the solenoid force acts on the
chamber B, pushing the pressure control valve
rightward. This operation opens the pump port P
and clutch port A to start filling the clutch with
oil. When the clutch is filled with oil, the fill

switch is turned ON.

E D

PD

=

el

Proprortional solenoid

command current

=

Time

(MPa{ke/cm’t)

(Sec)

0
Time

W |

I
[ olfFl_T
0 ON

D155AX-5

= (Sec)

outeut sianal Clutch input oressure

Fill switch

Power train Time

(Sec)

SJHO1003

Proportional

=< Fill switch:

solenoid : 7777777777777

ON JB

Valve

B

’_

&
V v

P/L Pump

age 18

HU Clutch : ON
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TRANSMISSION ECMYV [No.5]

3. Pressure regulation (D region in the diagram)

e If you flow a current to the proportional
solenoid, the solenoid produces thrust
proportional to the current. Pressure is

regulated by striking a balance among the thrust Proportional
of the solenoid, the thrust of the oil pressure of

the clutch port, and reaction force of the
pressure control spring.
A E D

(w | BILGC
4

Proportional sclenoid

command current

v

= (Sec)

L]

Time

(MPa{kao/cm’l)
]

Clutch input pressure

Time

U
l_OFF

ON

= (Sec)

D155AX-5
Power train
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Fill switch
output sional

Time

= (Sec)
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solenoid :
ON

S Fill switch : ON
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N
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77 _)
‘ Clutch : ON
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Main relief valve & T/C valve No.2

KOMA1ISU

4 516 1. Body
l I /] 2. Torque converter relief valve
/ : //’11 3. Valve spring
W o Mg 6 4. Piston
: : 5. Piston spring
4 = 6. Main relief valve
3 | JD . 7. Valve spring
' 8. Piston spring
13 7.14 9. Piston
8 B 18
A—A 15
[ [
L 1

D155AX-5
Power train

Page 20
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Main relief valve & T/C valve No.3 To joreue Jogl

corver ter  tank

To torque To oil
converter tank

Main relief valve

2 ) : :
o b ] E Main relief valve sets the
: set pressure of the oil
y ] pressure for the
g = el transmission, steering
- ﬁ/f f{;; T CIUtCh and brake-
C ZIZ; ‘
o z A
Ay T
; P G 4
2 2 \ Set pressure To toraue 1o oil
- 3 converter  tank
! ‘ ’ a : Main relief pressure 3.2+0.1{32.7 £ 1.0} 5 )
g ‘%‘ Torgue converter relief D Aol E e L
5 . ‘
From pume oressure 0.98 + 0.05{10.2 + 0.5} g 1
4 b 3
g f -
. i L Ay
Torque converter relief valve i Gy ez
P I v
Torque converter relief valve acts to © I Zag
protect the torque converter from ] g 4
. . . i e [ |
abnormal high pressure by relieving - ‘“%\q
the circuit if the torque converter riferiiy |
inlet port pressure rises above the 2 4
set pressure. / Y -
D155AX-5 f - .ﬁ b
Power train Page 21
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L_ubrication relief valve

Outline

® The oil leaving the torque converter
passes through the oil cooler built in
the radiator lower tank. It then goes
through the lubrication relief valve and
lubricates the transmission and PTO.

® The lubrication relief valve is
installed to the right side face of the
forward clutch housing. And prevents
any abnormal pressure in the
lubrication oil.

1. Forward clutch housing

2. Spring
Set pressure 3. Piston
A. From oil cooler
Pressure when normal 0.14+0.05{1.4 + 0.5} )
B. Drain
Cracking pressure 0.30+0.03{3.0£0.3} C. Drain
D155AX-5 JETTO000200
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HSS System KOMATSU

. PCCS lever

. Transmission, steering controller

. Servo valve

. HSS pump

. Engine

. Work equipment pump

. Work equipment control valve

Sprocket

© O N O U M W N B

Final drive
10. HSS motor
11. HSS closed circuit

12. Engine controller

A. FORWORD REVERSE signal
B. STEERING signal

C. Control information

0 Z D. CAN communication network
agn
E. Work equipment pressure signal
7
/ F. Steering circuit pressure signal A

G. Steering circuit pressure signal B



Actuation of HSS System KOMA‘.S“

PCCS lever at NEUTRAL and machine stopped

9. Pump, motor drain circuit block

11. Qil cooler bypass valve ~

1)

6. Charge pressure sensor

]
S
’: M“‘ 7'5’ v
b
5. HSS, PPC
) ) charge circuit >0
. % valve
illcooler
It | I
2 o
u — PR —
i == :Lo 2 ==
TR T . v|| ,,,,,,, 1
el ‘

4. Accumulator

Y

L]

A an an e

™ T ™ T

A T ™

13. HSS
controller

1 7. HSS pump

2. Charge pump
Fﬂ 1. Hydraulic tank _

D155AX-5 # 8. HSS motor 0
Power train Page 24 Prepared by J. Ghesquiere




Actuation of HSS System KOMA‘.S“

PCCS lever at FORWARD and left turn

9. Pump, motor drain circuit block

1“1 Oil cooler bypass valve

i

6. Charge pressure sensor

-
§
NR
33
3
R
318
3
35
3
Al

W

=

T 5. HSS, PPC

o - - - : : R

. charge circuit

\
1

12. Hydraulic¢ oil cooler

1:%. HSS
controller

A

7. HSS pump

D155AX-5 8. HSS motor
Power train Page 25 Prepared by J. Ghesquiere



HSS pump

HPV160

Servo piston- 3

Piston pump - 2

D155AX-5
Power train

Servo valve - 4

Suction safety valve - 5

Charge safety valve - 6

KOMA1ISU

a
=

Page 26
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FiSS motor KOMATSU

HMF140

P : From pivot turn solenoid C: From charge pump
[~—— B

o —] Bypass valve
/
Zaf’  CA: Pressure
' sensor

=) i — mounting port

.

K| Flashing
, + shuttle

P— = 2/ /j| valve
: / ' Charge

relief
T : To hydraulic tank ~=—B | yalve

CB : Pressure sensor
mounting port

D155AX-5 JETTO000200
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Steering and brake control KOMA‘.S“

A. Neutral /  H

B. Forward straight — \ Limit switch
C. Reverse straight ’ : : ///

D. Left turn PCCS lever (Steering)

E. Right turn viD c}///

F. Brake OFF K=

G. Brake ON

H. Free

J. Lock

Transmission,
steering controller

Cable

D155AX-5 ] JETT000200
Power train Potentiometer Rod (From brake pedal) 2d by J. Ghesquiere




Bevel gear shaft, HSS, brake KOMA‘.S“

. Cover

. Output shaft

. Bearing cage

. Spring

. Brake plate (4 on each side)

. Brake disc (5 on each side)

. Brake outer drum

1
2
3
4
5. Brake piston
6
7
8
9

. Brake inner drum

10. Nut
11. Bearing A

12. Shim (for adjusting preload of
bevel gear)

13. Bevel gear shaft

14. Bevel gear (35 teeth)
15. Bearing B

16. Carrier

17. Ring gear

R
p-d
I
>

18. Planet pinion gear
19. Hub
20. Sun gear

D155AX-5 JETTO000200
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Bevel gear shaft, HSS, brake

Flow of pOWGI‘ for HS?‘ 14. Bevel gear (35 teeth)

Bevel pinion gear (21 teeth)

14

%

! \ y
Sun gear :‘_\, #

Bevel
gear
shaft

Carrier

Output shaft

by ey e

&

Planet pinion gear

A\

Gear B (for left | : -

N

rrry

L#.4 7
1

sun gear drive) 5 —

s

Gear C x

| |

|

Gear A

Pinion gear

HSS motor

D155AX-5
Power train

Gear D

ez s Mechanical power

4 iHydreulic nower

i :Comblned pawer

Brake inner drum

Brake outer drum

Gear E (for right
sun gear drive)

JETT000200
51005527 Prepared by J. Ghesquiere



Operation of HSS KOMA‘.su

When PCCS lever is at NEUTRAL Travelling straight
:a 9 13 . w 5 1 forwayd

[

N \\\\\\\‘\\\'gm DN

AR A
£

© oy
O =

=

oy

L] b
e
7 I
? - =l
i 11
7= z
z é
A 07 L o 7
717 g [ \ — Y\
§¢ ! =g/
f:é' =
& = 7
\32
D Transmission output speed E: ] (® Transmission output speed
(2} Left bevel gear shaft output speed [ (4) Right bevel gear shaft output speed
R\
D155AX-5 | 29 JETT000200
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Operation of HSS KOM'l.S"

PCCS lever operated to RIGHT TURN
16 33 13 7 26 20 9

Forward

T

- S S L

(1) Transmission output speed ) : ig f =
@) Acceleration from HSS motor i 5,
(3 Left bevel gear shaft output speed s\\@ \

(O+ @) 39
() Transmission output speed ‘(g [:
(&) Deceleration from HSS motor
(&) Right bevel gear shaft output N

speed (@ - (®) : Transmission power

N : HSS motor power

EXGXEXR) : Combined power

P ‘qﬁ\ = ‘H‘\
3 JETT000200

- Prepared by J. Ghesquiere
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Operation of HSS

Reverse

.......

(1) Transmission output speed
(2) Acceleration from HSS motor
(3) Left bevel gear shaft output speed

(O +@)
. . ~
(4) Transmission output speed
i I
(5) Deceleration from HSS motor

(8 Right bevel gear shaft output

speed (@) - (5) / N

3l

D155AX-5
Power train

3l

/ALY Transmission power
AR - HSS motor power

BXO0XY) : Combined power

\

29

JETT000200
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Brake valve KOMA"su

. Main brake lever

. Parking brake lever

. Plug
. Body

. Spring

. Seat

. Brake valve

. Piston

© 00 N oo o A W DN PP

. Spring (small)

10. Spring (large)
11. Shaft (main brake)
12. Shaft (parking brake)

A

SJD02721

Outline 13. Spring
. The brake valve is in the circuit between the power train pump through the

main relief valve and the brake piston inside the HSS unit. It consists of the 14. Plug
main brake valve, parking brake valve, and solenoid valve. T2: Drain

. When the brake pedal is depressed, the pressurized oil flowing to the brake
piston is shut off, so the brake piston pushes the disc and plate into tight
contact because of the force of the spring, and the brake is applied. In the
case of the HSS, the brake is used only for braking the machine, so the left
and right brakes are actuated at the same time. T1: Drain

BR:To brake piston

P: From power train pump

D155AX-5 JETTO000200
Power train Page 34 Prepared by J. Ghesquiere



Brake valve

1. Brake released (parking brake OFF, brake
pedal RELEASED) N

‘—(

S

I / —
s zd 1/ —[] ]
e
e iy '—i
= r’a g |7
1
e ’,;;
724 e i ( ) —
TOF e LSS
[ 7 RN
1 . /;s; . .
’ 47

/////
//////
//////
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Brake valve KOMA"S“

2. Brake actuated (parking brake OFF, brake Y
pedal DEPRESSED) $
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3. Parking brake ON (brake pedal RELEASED,

safety lever at LOCK)

Brake valve
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Final drive Kom"s“
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