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HUSCO Hlu-slco

E:l Design and manufacture hydraulic components & systems
E:l 6 global manufacturing sites, worldwide engineering team

E:l 400+ degreed engineers

1 . :

u:l Family owned and managed business

1 . . : .

u:l Considered an extension to customer engineering groups
r : : :

u:l Serves the automotive, construction, agriculture, and

material handling markets
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PROBLEM STATEMENT
The Opportunity for Productivity in Construction

Anemic gains in construction Global productivity growth trends

prOdUCtIVIty = Investment SCOpe€ Real gross value added per hour worked

by persons engaged, 2005 $
Index: 100 = 1995
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SOURCE: OECD; WIOD; GGCD-10, World Bank; BEA; BLS; national statistical agencies of Turkey, Malaysia,
and Singapore; Rosstat; McKinsey Global Institute analysis
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PROBLEM STATEMENT
The Opportunity for Productivity in Construction

Reduction in skilled labor

o/o of construction companies can't
find the workers they need.

Source: The Association of General Contractors of America
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PROBLEM STATEMENT
The Opportunity for Productivity in Construction

o/o reduction in construction costs could

Increased pressure on qultql save society $100 billion globally.

utilization

Source: McKinsey & Company - Infrastructure productivity: How to save $1 trillion a year
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PROBLEM STATEMENT
The Opportunity for Productivity in Construction

=1 O =
use robotics
use drones to monitor ‘ or automated use remote
construction status technology monitoring on sites

Greater acceptance of technology

on the worksite (« ’))80% W(%N ) | B8 610/0

use Building

use radio-frequency Information
identification to track | use Smart sensors N Modeling
equipment and materials on site | to track people on site on a majority of their projects

Source: Global Construction Survey 2016 | Building a technology advantage
2016 KPMG International Cooperative ("KPMG International”)
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PROBLEM STATEMENT
The Opportunity for Productivity in Construction

Control of motor graders & dozers
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CONTROL OF AN EXCAVATOR

HUSCO
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PROJECT SCOPE

Electro-hydraulic control of any pilot operated excavator

Aim:
Fit system to a standard excavator to enable automated digital control

Deliverables:

1. Safety
2. Sub-system enhancing existing hydraulic circuit
3. Full speed automated grade at 225mm tolerance
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HUSCO

4 years old
~4000 hours
Negative Control Hydraulic System
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CONTROL - PATH PLANNING

How to achieve robot type kinematic control?

Robotic end effector control is a mature

Robots have been developed for
autonomous control using servo-

actuators
Boom Arm Arm
. . trajectory x trajectory trajectory
Mobile equipment has been developed ~  contribution i
for human control using hydraulic T~ \ \ \ _ —" Bucket
actuators Boom trajectory
trajectory - contribution
contribution e
/ . Bucket
/ Combined .
trajectory

'/ bucket tip
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CHALLENGES

Controlling an Excavator — Variation in Command to Response

Machine limitation: ...,
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CHALLENGES

Controlling an Excavator — Variation in Command to Response

Machine limitation:
Constant balance

Pump Pressure
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CHALLENGES

Controlling an Excavator — Variation in Command to Response

Machine limitation: s, Ope,
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CHALLENGES

Controlling an Excavator — Variation in Command to Response

Less pumps than functions:
All functions interact
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CHALLENGES

Controlling an Excavator — Variation in Command to Response
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EXACTO I
Complete Integrated System

HUSCO

3 function control
Safety logic circuit

Operator and main control
valve feedback

From “"operator only” to full
automated control

High performance digital to
_hydraulic components

‘Integrated controller & work
function algorithms




EXACTO

Machine control landscape

Sensor Feedback
Via Ethernet, Analog, Digital, or CAN

IMU / GNSS /
Other sensors

Site Plan/BIM USB, Cellular
w‘

% | |
B B . |
Or Machine | bigital | Automation | can_ Digital to Pressure |\ pey | I
/ HMI signals “|Controller/ECU Hydraulic control | signals
User Input Direct 2 .
P Operator Input l/ Machine
$ 020Em 5008~ f | HYerU“CS &
; \\ Electric Joystick Hydraulic Structure
0033 . \ (Optional) Joystick
\\\
e Operator
Machine Control
: Machine Control Machine Control
Provider / Open MCP / OEM . Husco OEM
source Provider

Provider & OEM
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THE RESULTS

High Fidelity Hydraulic System
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THE RESULTS
HUSCO
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THE RESULTS

Pressure, Velocity & Position

Pressure
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THE RESULTS

5min 5.6s @ 25mm HUSCO
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NEXT STEPS '

HUSCO

Expand number of
functlons and features

~Refine system
performance -
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Thank you for listening.
We welcome any guestions
Simon Yardley

Director of Strategic Business Development
. simon.yardley@husco.com

Ben Holter
Hydraulic Automation Systems Manager
ben.holter@husco.com
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