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hydraulic design, fundamentals, and
diagnosis; September, 2019

TRUCK & TRAILER rexroth
C/peaa/f/‘es, anc. A Bosch Company

Compu-Spread Snow and Ice Solutions
A10V..0 load sensing hydraulic pumps

Ideal for energy efficient, closed-center, load sense systems
Compact swashplate piston design:

= High power to weight ratio
Short controller response times
Excellent inlet characteristics
Low noise level
Long service life
2 case drain ports standard
Many sizes; most common: 45 (2.7 in3), 60 (3.7 in3), 74 (4.5 in%),
85 (5.2in%), 100 (6.1 in3)/rev. displacement

= 21to047 USGPM @ 1,800 rpm
SAE standard mounting for front mounted & PTO mount
DFR1 controller = pressure compensator + load sense (signal
bleed required) * C-S norm as the M4 valve has the integral bleed
DFR controller = pressure compensator + load sense (signal
bleed built into the controller)
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A10VO...pressure compensated pump

Hysteresis and pressure rise Ap
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Qmin l ' .
290 psi 4000 psi

(20 bar)  Operating pressure p —= (280 bar)
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Pressure Compensated Pumps

hrotl | Load torque determines
pS 3000 PSI Throttle valve

_ . Throttle plL the load induced pressure
setting determines
@ actuator speed A (‘? E—[K
AR 500 PSf~—”
10 USGPM Motor
Pressure

compensated
pump produces
only enough flow
to maintain |?;T,;: T,Tl

system pressure. a | l:
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Pressure Compensated Pumps: power distribution

14.5 HP lost 2.9 HP
PS 3000 PSI | across the Throttle pL delivered to
D throttle valve QP é% load
@ P ;
7,  s00PSi~°®
10 USGPM Motor
17.5 HP input
from prime mover. || — ——.—.
i T 7]

- Flow matching — variable pump

variable constant
o AP
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Quick overview of principles of hydraulics

= Pumps produce flow (Q), nothing more, nothing less, : SR, i
based on RPM x displacement (Vg). oy

= Pressure is resistance to flow.

= Oil is lazy and takes the path of least resistance.

= Resistances in series are additive

= Actuator speed is a function of hydraulic fluid flow

= Actuator force is a function of hydraulic pressure
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Load Sensing Concepts

It is this principle of hydraulics, that “Resistances in series are additive”,

that allow us to even use Load Sensing in our hydraulic systems.

Resistance is an opposing force, that is, to act against something, and can be found
in various forms. In Load Sensing systems, we use two types of resistances:

1. Mechanical, which in our case is an adjustable spring (R1),
2. Fluidic, which in our case is a load induced pressure signal (R2)

Rtotal = R1 + R2

Remembering this fact helps us in our understanding and ability to troubleshoot

Load Sensing systems.
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A10VO ... load sensing pump
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A10VO ... load sensing pump ""??;Z};}jxﬂ
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A10VO ... load sensing pump

Hysteresis and pressure rise Ap
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Load Sensing Pumps

< This means that the system
—__ pressure is only slightly higher

700 PSI @ than the load pressure.

Pump pressure
setting is load
induced pressure |
plus load sense
spring setting.

(= approx. 200PSI) .

Maximum pump

1 displacement/flow
rate is calculated
based on maximum
actuator speed.

Throttle PL 500 PSI
10 USGPM @
52 |
e | A E]
77777777777777777 I Motor

This load induced
pressure is fed back to the
pressure pump control
spring chamber
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Load Sensing Pumps:

power distribution

2.9 HP
delivered to
load

Throttle

il

PL 500 PSI

pS
700 PSI @
—
—(}\X
— = =
4.08 HP input —— .
from prime .L—-@M |- 200 psi
mover | -_— -l
Previously H Byl |
17.5 HP !f—-w;_“ 3000 psi
B | bl .
et ches bbbl =
T 1
L] |
o e el |
i 10 USGPM |
|
¢ e 1.
| |i
Pt _S __L*_Ldf-.
|
|
I I

__{0USGPM |
1.2 HP lost
across the
throttle valve
Previously
14.5 HP

- Flow matching — variable pump
- Pressure matching — Load sensing

variable

QetP
1714

variable
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C-S: A10VO DFR1 load sensing pump

| 360 psi (25 bar) |

| 2175 psi (150 ban) |
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C-S: A10VO DFR1 load sensing pump

| 360 psi (25 bar) |

| 2175 psi (150 bar) | :

What is our pressure

I sseessa— i [
"Alllll__'__ |.! gauge reading?
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CS: A10VO pumps; series 31 and series 52
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CS: A10VO pumps; series 31 and series 52

DFR1

Series 31 has a stroking piston
and a counter piston

Series 52 has only a stroking piston
hence the reason for the orifice
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C-S: Load Sensing Controllers, DFR1

The only difference between the two is that the series 52 has an 2.2 mm@ orifice in the tank passage
of the controller to control the swivel time of the swash plate.

'

series 31 o | ¥ |
’ ) i ) i '

: | |

2.2 mm orifice

series 52

I
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C-S: Load Sensing Controllers, DFR

The only difference between the two is that the series 52 has an 2.2 mm@ orifice in the tank passage

of the controller to control the swivel time of the swash plate. ¥
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series 31
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2.2 mm orifice

series 52
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C-S: LS Controllers, understanding the difference for troubleshooting

series 31 DFR1

|

=

series 31 DFR
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C-S: Load Sensing Controllers, DFR and DFR1 matrix

Controller Series 31 Series 52

DFR1-53955 N/A R902518190
(BA10VDRS-53955)

DFR-$3955 N/A R902517027
(BA1OVDRF-53955)

DFR1-54260 R902534795 N/A
(BA10VDRS-54260)

DFR-54260 R902554969 N/A

(BA10VDRF-54260)

Explanation of SO Numbers:
S$4260 = S3972 + SO413 (for series 31 pumps); S3955 = S3972 + SO413 + S0231 (for series 52 pumps)
$3972 means steel cap nuts on the DR and FR adjustments for corrosion protection in this harsh environment.
$0413 means re-enforced margin spring on FR axis (range from 20-40 bar setting). We now use just one
spring (instead of two light springs) with a higher force which means the spool travel is not limited as much is if

we used the standard spring package and turned the adjustment in to an higher setting.

$0231 means that there is an 2.2 mm diameter orifice in the ‘T’-port passage of the Controller between the FR
and DR spools. This is because the series 52 only has one stroking piston to vary the angle of the swash plate.
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data é
= Maximum outlet pressure

Output operating pressure range

Pressure at port B

Nominal pressurep, 4000 psi (280 bar)
Peak pressure p__ 5100 psi (350 bar)
(Pressure data to DIN 24312)

Intermittend operating pressures up to 4600 psi (315 bar) are pos-
sible at 10 % duty cycle.
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data a

= Inlet pressure range

Input operating pressure range

Absolute pressure at port S (A)

12 psi (0.8 bar)
435 psi (30 bar)

pabs min

p abs max
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data

= Maximum case pressure + Inlet/Case differential

Case drain pressure
maximum pressure of leakage fluid (at ports L, L1):

a maximum of 7 psi (0.5 bar) higher than the inlet pressure at port S,
however, not higher than 30 psia (2 bar absolute)
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Axial Piston Pump type A10VO

{m!m

Case drain pressure
maximum pressure of leakage fluid (at ports L, L1):

a maximum of 7 psi (0.5 bar) higher than the inlet pressure at port S,
however, not higher than 30 psia (2 bar absolute)
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data

= Viscosity requirements (operating viscosity)

Operating viscosity range

In order to obtain optimum efficiency and service life, we recom-
mend that the operating viscosity (at operating temperature ) be
selected from within the range

Optimum viscosity (v, ) __80...170 SUS (16...36 mm?s)

referred to tank temperature (open loop circuit).
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data

= Viscosity requirements (viscosity limitations)

Limits of viscosity range
The following values are valid for extreme operating conditions:
V. = 60 SUS (10 mm?s)
for short periods at max. leakage oil temperature of
195°F (90°C)
Vv, = 4600 SUS (1000 mm?/s)
for short periods upon cold start.
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Viscosity requirements

Viscosity v in mm?2/s (SUS)

(7000)——1600 N | 1600 (7400)
(5000)——1000 > 000 (4600)
(3000)——e00 = —_—
— AN N\
(2000): 400 TR
(1000)—-200 Q;}%%q
N| P.

500|100 Q\%&\ fg\\

(300)——g0 Nt

(200)——40 AN ENGAN %
(150)— (170)

Y,
(100)—{ 20 opt.
(80)— < 16
(70 > (60)
N hY

(60)=—10 < 0(60)

(50) \\\ \\

(50)—

N
o5 ‘ 5 (42)
-‘?0 -2‘0 (‘) 2‘0 4|U 6|0 SP 1?0 1%0 1““] 1?0 T?O (‘)0 22‘0 2“‘0
— 1 T T T I T T T T ‘

Temperature t in °F (°C)

1
(-40) (-30) (-20) (-10} (0) (10) (20) (30) (40) (50) (60) (70) (80} (90)(100) ‘(1!5)
(110)
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Axial Piston Pump type A10VO

= Overview of pump operation and technical data

Cleanliness requirements

Filtration of fluid
In order to ensure correct functioning of the unit, a minimum level
of cleanliness
to NAS 1638 class 9,
to SAE class 6 or
to ISO/DIS 4406 class 18/15 is required.
This may be achieved, for example, with filter elements
type ...D 020... (see RA 31278).

Hence the following degree of separation is produced

B,o > 100.
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Contamination — Particle Proportions

75

% ™
r

Fine/coarse
particle

Bearing
lubrication film

Human hair
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Critical Tolerances in Hydraulic Components

Ji

Valves

Servo

5-8pm

100 — 450 ym

20 -80 pm
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C-S: HA10V0140DFR1/31L-PKC62N00 — SO413 R902506871

High Speed version, Left hand rotation (CCW) only; maximum rpm is 2050 §@ﬂ/ 4
140 cc/rev (8.54 cu.in./rev) 4000 psi (250 bar) 'S &
mounting Leakage Keyed Overall Q USGPM Q USGPM
SAE-C o 2-1/2” 1-1/47 #12 SAE 4 3/ 13.5”
2-bolt code61  code62  UNE 7ac'key (343 mm) (166 I/m|n) (249 I/m|n)

* from mounting flange face to end of port plate.

Q @ 700 rpm = 25 USGPM
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Compu-Spread: Low Oil Shut Off Valves (LOSOV)

“LOSOV” (loss of) hydraulic fluid in your system due to a broken hose?

With a Bosch Rexroth shut-off valve, you can protect the heart of
the circuit by ensuring the variable displacement pump won’t run dry
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Compu-Spread: Low Qil Shut Off Valves (LOSOV)

* In both ductile iron as well as aluminium housings
+ Solenoids with either C4 connectors or with flying leads

* In-line or flange mounted (code 61 or code 62, depending on the pump’s outlet port)
- Direct acting or pilot operated (depending on the flow rate)
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Compu-Spread: Low Oil Shut Off Valves (LOSOV)
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Compu-Spread: Low Qil Shut Off Valves (LOSOV)

R987397657

R987479238

R987398323

R987483459

R987398325

R987466761

R987463072

CS-LOSOV-1X/210-
10061-16UNF/G12NFL

CS-LOSOV-1X/210-
10061-16UNF/G12NC4

CS-LOSOV-1X/345-
10061-16UNF/G12NFL

CS-LOSOV-1X/345-
10061-16UNF/G12NC4

CS-LOSOV-1X/210-
12562-20UNF/G12NFL

CS-LOSOV-1X/210-
12562-20UNF/G12NC4

CS-LOSOV-1X/345-
12562-20UNF/G12NC4

1” SAE flange
code 61

1” SAE flange
code 61

1” SAE flange
code 61

1” SAE flange
code 61

1-1/4” SAE flange
code 62

1-1/4” SAE flange
code 62

1-1/4” SAE flange
code 62

#16 SAE
(1-5/16-12 UNF)

#16 SAE
(1-5/16-12 UNF)
#16 SAE
(1-5/16-12 UNF)
#16 SAE
(1-5/16-12 UNF)
#20 SAE
(1-5/8-12 UNF)
#20 SAE
(1-5/8-12 UNF)

#20 SAE
(1-5/8-12 UNF)

flying leads
C4

flying leads
C4

flying leads
C4

C4

* anything above 3000 psi system pressure requires the ductile iron version to be used

aluminium
aluminium
ductile iron
ductile iron
aluminium
aluminium

ductile iron
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Internal Technical Bulletin
No.: CS-TB-126-H Issue date: 2016.11.11

Rexroth

Bosch Group

Compu-Spread A10V(N)O Pump Quick Dimenslons Guide

pump type | mounting flange | spigot inlet port outlet port Ie:;ra‘se keyed shaft | keyway splined shaft thread in shaft
series 31
A10VO28 AE-B 2-bolt 4" 1-1/4" code 61| 3/4" code 61 AE-08 78" 174" 1/4-20UNC x 3/4"
A10VO45 AE-B 2-bolt 4" 1-1/2" code 61| 1" code 61 SAE-1 1" 174"
A1OVOT1/74 SAE-C 2-bolt 5" 2" code 61 1" code 61 SAE-1 1-1/4" 5/16" 5/16-18UNC x 3/4"
A10VOT71/74 SAE-C 2-bolt 5" 2" code 61 1" code 61 SAE-1 1-1/4" 14T 12/24 DP| 5/16-18UNC x 3/4"
A10V0100 SAE-C 2-bolt 5" |2-1/2" code 61 1-1/4" code 62 | SAE-1 1-102" 38" 7/16-14UNC x 1-1/8"
series 52
A10VO45 SAE-B 2-bolt a SAE-24 SAE-16 SAE-10 1" 174" 1/4-20UNC x 5/8"
A10VOE0 SAE-B 2-bolt 4 2" code 61 1"code 61 | SAE-10 11047 5/16" 1/4-2DUNC x 5/8"
A10VO60 SAE-B 2-bolt a" 2" code 61 1"code 61| SAE-10 1" 15T 16/32 DP 1/4-20UNC x 5/8"
A10VO85 SAE-C 2-bolt 5 2-1/2" code 61| 1-1/4" code 62 | SAE-12 1-1/2° 8" 7/16-14UNC x 1-1/8"
series 53
A10VNO85 SAE-B 2-bolt 4" 2" code 61 1" code 61 | SAE-10 1-1/4" 14T 12/24 DP| 5/16-18UNC x 3/4”
Keyed Shaft 1-4/4 Inch Keyed shaft1-4f2 nch Splined shaft 1in SAE J744  Splined shaft 1 1/4 in SAE J744
Je )
182 e
1,2 - 8 8§
v 1.5000 '
o 120653 DIA {2488 166 (42.32) O 12588 g g
g. el 11e3175. 803 (0381 .08 2 a
=g |1420UNC-2BY< 716 14UNG 28941 by >
——c S S
LT el —= L s
= HIE = o T =lee
° T > } i 2ze e
s (Wl "z i ek 156
= 0 T el 25 (39.5)
E.—_ — -T 2.18
H;ﬁ’a 1.81 (45.9) (55.4) h
(045 Fom) U- 15T 16/320P S - 14T 12/24DP rexrot
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