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Dolores test bench

Working principle

The boom is rotated around the
base frame with two hydraulic
cylinders

Rotating mass: 2400kg
Total mass: 4300kg

Test bench’s history

Test bench designed to study the DDH
technology in frame steering application of a
mining loader

Test bench to Aalto for test purposes in 2019
Currently first empirical research going on

Main components

1.

b d

E-motor

* Parker GVM 210 150 ZP W

*  Power: 80kW
Hydraulic pump-motor

*  Parker F11-019-MB-SV-S
Parker DDH valve block
Hydraulic cylinders

*  Parker 100/50-450 2pcs
Additional load

«  0..1700kg
Motor controller

*  ABB ACS 880 industrial frequency converter



DDH = Direct Drive Hydraulic

Working principle

Hydraulic pump-motor controlled with electric servomotor
Pump ports connected to cylinder ports
- Cylinder movement is controlled with servomotor movement

Possible to operate vice versa: Cylinder as prime mover, pump as motor, servomotor as

a generator
- Energy regeneration

DDH benefits

Energy efficiency (no throttling, energy
regeneration)

Controllability

Compact design and flexible design, decentralized

hydraulics




Research

* Energy efficiency of the system
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Next:

* Measurements (CANopen)
* Control



CANopen based data logging and control
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CANopen compatible sensors

Vector
Vn1600
CAN
interface

— Matlab/Simulink |

All the data goes through singular CAN bus.
- Sensor signals
- Motor control signal

Benefits:
- Simple cable management (everything connected
sequentially)

- Digital data is less prone to interference

Most of our sensors are CANopen compatible, requiring
no analogue to digital data conversion.

Few analogue sensors are used, analogue to digital
conversion done via CR2033 1/O board.



Easy signal management via database.

All nodes (sensor) are sorted by ID with their signals 2 Database imported to Simulink where each signal easily available.
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I Database Management
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Analysis & Stmulation

Measurement

Database creation in CANalyzer.

Testaukset2_CANalyzer.cfg * [Real Bus] -

Vector CANalyzer /pro

E-57 Channels
B-44 CAN
557 Channel 1
PRIDB
57 Channel 2
i PRIDE

Diagnostics  Envionment  Hardware  Tooks  Layout
- ode  + dec = |
o Vector ool e n S P
: d Write  Panel
Appearance More
3 Trace
B EEEH xRN AEE Sk V[ H e = LR - [ Initial -

Time Chn D Neme EventType  Dir DLC  Send node Interpretation Data 2 p
= o wiF - .
[¥) 6388533288 CAN1 201 CANFrame  Rx B 7F 04 00 00 00 00 00 00

(#-[%] 6388.533640 CAN1 182 N2_TPDOO CAN Frame Rx 4 Node2 00 00 00 00

@ A A

@-[%] 6384.772814 CAN1 CAN Error RXErr ECC: 10000010 1xxxxx, Stuff Error, Bit Position = 50

- [%] 4.500442 CAN 1 o NMTZeroMsg CAN Frame TxRq 2 VirtualNMTMaster ~ Start all nodes 0100

0% 4500702 CAN1 0 CANFrame  Tx 2 VirtualNMTMaster ~ Start all nodes 0100 51

[-[¥) 6383.535118 CAN1  1A0 CANFrame  Rx 4 €C 53 00 00

(% 6388.532792 CAN1  19F CANFrame  Rx 8 AF 0E 00 00 00 00 00 00 o

[-0%) 6383.455729 CAN1 194 CANFrame  Rx 5 A3 20 00 00 00 -

(#-[%] 6388.530371 CAN1 195 (CAN Frame Rx 5 42 21 00 00 00

(%) 6388.531364 CAN1 196 CANFrame  Rx 5 55 22 00 00 00

3% 6388537354 CAN1 197 CANFrame  Rx 5 £6 20 00 00 00

[#-[%] 6388.534783 CAN1 198 (CAN Frame Rx 5 (C8 20 00 00 00

# %) 6388.539350 CAN1 199 CANFrame  Rx 5 36 22 00 00 00

- [¥)6388,534136 CAN'1 281 CANFrame  Rx 8 0000 00 00 39 00 00 00

[-[¥) 6383.530859 CAN1 201 CANFrame  Rx s 00 00 00 00 00 00 23 13

) [¥)6388.534407 CAN1 381 CANFrame  Rx 2 00 00

-[%] 6388.498429 CAN1 181 (CAN Frame Rx 8 B8 12 00 00 00 00 00 00

[-[¥) 6383.498920 CAN1  1D1 CANFrame  Rx 1 00

F-[¥] 6383.001959 CAN1 _ 1A8 CANFrame  Rx 2 40 01

[cBh.] 4. 5050 CAN1 Di CAN Frame B Output voltage - generic 00 33 05 00 00 00 00 00

(-0 6388.499202 CAN1 1A9  N4LTPDOD CANFrame  Rx 2 4101
[¥) 6388499458 CAN1 249 CANFrame  Rx 2 284

[#-[¥] 6388.500094 CAN1 1AA N42_TPDOO (CAN Frame Rx 2 Node42 E7 00
[¥) 6388.505820 CAN1  28A CANFrame  Rx 2 1147

[-[¥ 6383.474481 CAN1  1AB  N43TPDOD CANFrame  Rx 2 Node43 EE 00 P~
[¥] 6388.506085 CAN1 248 CANFrame  Rx 2 347 v |PhysVale

(-0 6388.477103 CAN1 1AC  N44_TPDOD CANFrame  Rx 2 Node44 F0 00 3 [stert

Node_ID B [ None Al

AN

Imported database allows simple signal selection in Simulink.

Parameters

Data to output as: | CANdb specified signals

CANdb file: ‘C:\USerS\DoloreS\Documen(s\CAN,dB,DDIOrES\UudEt testit 9.8.2020\°

Message list: N1_TPDOO

Message

Name: N1_TPDOO

Identifier type: |Standard (11-bit identifier)
CAN Identifier: 385

Length (bytes): 8

Signals

Add signal

Delete signal

_01.04En... 16 16 LE
0107 M.. 32 16 LE
01.130.. 48 16 LE

signed
signed
signed

Standard
Standard
Standard

o

o o o

-3000000
0
0

3000000
3000000
2000

Output ports
[ output identifier
[ output remote

[ output timestamp
[ output length

[ output error
[ output status

Cancel Help
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Control

Parker — manual Joystic

__________________________________

k control

________________

4 \
{ Parker manual i
1 . 1
: Joystick control ] ABB frequency converter
i ! , \
i rpm i 1 \\:
i Manual/ | i i
I 1 rpm ABB frequency current  Electric motor rpm |
i ey
i external i ; converter . = Pump rpm
l control rpm { ; ; 4 | ;
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Simulink — Automatic control
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Dolores test bench in action
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Thank youl



