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Project Background

B Project Overview

Our engineers were retained by a global-scale steel mill in South Korea to refurbish
and upgrade the frame and hydraulic system of a heavy-plate leveler, a part of the
plate mill at their steel plant. The project was undertaken due to a noticed decrease in
equipment performance and visible degradation. The refurbishing project included
structural design and operational changes, material upgrades, and replacement of key
components resulting in tangible improvements to equipment performance and
lifespan.
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Project Scope & Outcomes

B Scope of Work Completed during Project

The refurbishing and upgrade of the plate mill heavy-plate leveler involved the completion of the
following tasks as part of the project scope:

* Initial Inspection

* In-depth Diagnosis of Problems

* Proposal of Refurbishing Works to be Completed

* Redesign of Equipment Parts to be Replaced if Design Flaws are Identified
» Structural Repair of Existing Equipment

* Fabrication of Replacement Parts

* Quality Inspection of Refurbished Equipment

* Equipment Reassembly and Recommissioning

Project Outcomes following Refurbishing & Upgrade

Directional Valve

Valve used

No. Item Existing Equipment/ Conditions New Equipment/ Conditions

1 Downward Force applied | 800 ton (based on 4 cylinder 900 ton (based on 4 cylinder
by Hydraulic Cylinder operation) operation)

2 Operating Pressure 250 bar 280 bar

3 Maximum Fluid Velocity 208 L/min 208 L/min

4 Pump Type and Control For High Pressure: Gear Pump 1x Variable Displacement Piston

For Low Pressure: Vane Pump Pump with Horsepower Control

5 Hydraulic Piping Port SSA Flange Connection (max. SAE Flange Connection (max.
Connection pressure 210 bar) pressure 420 bar)

6 Hydraulic System Conventional/ Standard Solenoid Solenoid Valve for Shock

Absorption used

Pressure

hydraulic piping during operation
causing damage to piping

7 Main Cylinder Speed None Cylinder speed control method
Control implemented
8 Hydraulic System Piping Possibility of high pressures in Pressure relief valve implemented

to protect hydraulic piping
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Existing Equipment Issues

B Heavy-Plate Leveler Equipment Existing Issues

Our initial inspection identified the following issues with the existing plate rolling mill and
hydraulic system:

* Bending of the lower base frame due to poor calibration; the existing main frame was
constructed in one piece and the upper plate of the frame could not be calibrated
independently from the lower plate

* Damage to the chain cover occurred when steel plates were moved due to improper alignment
between the chain and cover

* Damage to backup rollers occurred when rolling steel plates with large edge wave defects

 Difficulty maintaining or replacing backup rollers due to limited maintenance space and inability
to disassemble the one-piece frame

* Breakage of the hydraulic piping line caused by vibration during operation due to the loosening
of the hydraulic cylinder tie rods (bolts)

* Poor flow conditions in the hydraulic PT lines (pressure port and return port lines) due to
congestion in the pipe

* Potential for pressure conditions within the existing hydraulic solenoid valve to exceed its
maximum rated pressure during main cylinder operation
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Works Completed: Equipment Design Changes

B Equipment Design Changes Implemented

Design changes were made to structural and control aspects of the heavy-plate leveler, including:

* Adesign change was made to replace the one-piece frame into separate upper and lower
plates to eliminate bending in the frame and to allow for maintenance and the replacement of

each plate separately
* An additional static guide was installed alongside the existing guide roller to prevent damage to

the chain cover caused by improper alignment

Plan Drawing of Added Static Guides to
Refurbished Heavy-Plate Leveler

Elevation Drawing of Existing Guide Roller on
Heavy-Plate Leveler
* Design changes were made to the cylinder rod to minimize damage to the backup rollers
* A method of cylinder speed control was implemented to allow for greater operational control
* Arelief valve was installed in the hydraulic circuit of the main cylinder to prevent damage
caused by high pressure conditions

Drawing of Existing Hydraulic Circuit without
Relief Valves

Drawing of New Hydraulic Circuit with Relief
Valves indicated in red
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Works Completed: Equipment Material Changes

B Equipment Material Changes Implemented

The material of certain equipment components were replaced to improve durability and
equipment lifespan, including:

* Change of cylinder tie rod (bolt) material from S45C to SCM440, resulting in a 50% increase in
tensile strength to allow the hydraulic cylinder to withstand increased pressures without
coming apart

* The material of the upper plate was changed from SS400 to HARDOX steel, which increased the
hardness, tensile strength, and yield strength of the upper plate resulting in a longer
component lifespan

* Replacement of existing SSA Flanges at hydraulic ports to SAE Flanges, resulting in stronger
connections able to withstand greater hydraulic operating pressures
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Works Completed: Equipment Component Changes

B Equipment Component Changes

Equipment components were replaced during the refurbishing project to improve operating
efficiency and increase operating pressure capacity, including:

* Atwo-stage pressure control system using two pumps was replaced with a single Variable
Displacement Pump with horsepower control, resulting in more efficient operation

* The directional control valve of the hydraulic system was replaced from a conventional
solenoid valve to a shock absorbing solenoid valve able to withstand greater pressures; this
new valve also enables control of the main spool within the valve, resulting in greater variation
in positions
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