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1.0 Project Description

Thegoal of the project wasto devel op the controlsfor arolling mill. Thecontrolsfor the
rolling mill will turntherollersforward and backward, control thespeed of therollers, and
providethenecessary safety features. Therollingmill ispresently under design, theassumptions
of itsoperationisasfollows. Therolling mill will beatwo-high roller bearing mill. Eachroll

will have a diameter of 76.2 mm and alength of 87.63 mm. Theroll gap will range between
zeroand 12.7 mm. Themaximum separating forcebetweenthetworollerswill be 133.4kN. A
load indicator witharangeof zeroto 89.0kN will beused to measurethe separatingforce. The
rolling mill will be powered by an electric motor. Thespeed of therollerswill bevariable
between zero and twenty revol utions per minute. The speed of therollerswill beoutputted. The

maximum temperature of thematerialsbeing rolled will be 1,093°C

2.0 Design Process

Therolling mill wasdesignedto exist in oneof threestates. It will either beinanidlestate,
forward stateor areversestate. Intheidlestatetherolling mill isstopped. Intheidlestatethe
direction of therolling mill and the speed of the mill can be selected. Intheforward statethe
rolling mill isrollingintheforward direction. Intheforward statethe speed of therolling mill

can beincreased or decreased and the speed of theroller isread. Inthereverse statethe speed of
therolling mill can beincreased or decreased. ThestatediagramisshowninFigure2.1.
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Figure2.l: StateDiagram

Thetransitionsbetween the different statesarelisted below
Tl=Idleto Forward =Go* Speed>0* Forward
T2 =Forwardto ldle = Stop + Speed=0
T3=Reversetoldle = Stop + Speed=0
T4=IdletoReverse =Go* Speed>0* Reverse

Thetransitionshitlocationsand formulasusingbitlocationsarelisted bel ow

Tl = IdetoForward = B3:3 = (B3:0*1:00/0%1:00/3)
T2 = Forwardtoldle = B3:4 = (B3:1*1:00/4)

T3 = Reversetoldle = B35 = (B3:2*1:00/4)

T4 = IdletoReverse = B3:6 = (B3:0*1:00/0* | : 00/3)

Thethree states are defined below:

lde=Sl=B3:0=(B3:0+S2:1/15+ B3:4+ B3:5)* B3:0+ B3:8* B3:6
Forward = S2=B3:1=(B3:1+ B3:3)* B3:1+ B3: 4
Reverse= S3=B3:2=(B3:2+B3:6)* B3:2+ B3:5
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3.0 Components

The main component isthe Micrologix 1000. It has12 digital inputsand 8 digital outputsalong
with 4 anal og inputs (2 voltageand 2 current) and oneanal og output. 1t wasimportant that the
plc containsan anal og input and output to be ableto control the speed of themotor. The motor
controller also hasspecific requirementsbecauseit needsaminimum of 380 voltssuppliedtoit.
A complete partslistisshownin Table 3.1.

Table3.1: PartsList

Part Details Cost  Location
PLC Micrologix 1000 mfg# 1761-120bwa-5a 650.00 Allen Bradley
Motor Controller AB mfg# 160-AA03PSF1 42550 stock
Motor 3/4 HP, 3 phase AC, Grainger # 3N042 12499 Grainger
Display Microview Operator interface, panel mount, mfg# 2707-mvp232 322.00 Allen Bradley
Display Programming software, mfg# 2707-np2 114.00 Allen Bradley
RS-232 cable From PLC to display, mfg# 2707-nc1l 57.00 Allen Bradley
Force Sensor Wait
Gear Box Wait
Controls Panel 20x16x6, Grainger# 6C718 126.6  Grainger
Interior Panel Grainger# 2W828 26.70  Grainger
MCR 700-HG power relay mfg# 700-HG42A1-99 26.10 stock
Conduit 5' 1"flexible conduit, terminator box connectors-2 stock
Power Cord 480 VAC power cord stock
Mounting table 36x24 medium duty 12 gauge steel top, cat. # 46715T32 105.29 Wait
Master Power disconnect 30A, 3 HP, Grainger #1H247 40.90 Grainger
E-stop mfg# 800FP-MT34 24.10 stock
Green Start mfg# 800FP-F4 5.84  stock
Selector mfg# 800FP-SL22 10.65 stock
Speed up push button mfg# 800-FPF6 5.81 stock
Speed down PB mfg# 800-FPF5 5.81  stock
Encoder 16 position, non-detent cat# CT3001-ND 2.58 stock

Total 2,073.87
Total to Order 1,462.19

4.0 Circuitry

Thewiring diagramfor therolling mill isshownin Figure4.1.
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6.0 Operatingl nstructions

Operators Manual

Thismanual will describe how to properly runthe metal rolling press. Figure 6.1 showsthe
front of the control panel.
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Figure6.1: Control panel button layout

1. Setting therolling speed
Either method can be used to change the speed with or without themill running.

Method 1:

Therolling speed is adjustable from 0 to 20 RPM. This can be adjusted by
pressing the speed up or speed down push-buttons on the control panel. Each
time the button is pressed the speed will change by 1 RPM.

Method 2:
The speed can also be changed by pressing 1 when in the main menu on the
display, entering thedesired speedin RPM, and pressing enter.
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2. Starting the mill

Onceaspeed hasbeen chosen pressing the green start button will start themill. 1f
no speed isentered themill will gointo run mode, but will not turn until aspeed
isset. Eachtimethemill isstarted the speed must be set in order for the mill to
run.

3. Reversingdirection
Themill’ sdirection of rotation can be set to draw materia intotherollersor to
back material out of therollers. To back material out the machine must first be
stopped, thedirection switchmovedtoreverseand thestart button pressed. The
mill will startinthereversedirection at the set speed.

4. Emergency stop and Restart
If the emergency stop is used to stop the machine the button must be reset by
pullingitouttill aclick, and therestart button pressed. Themachinewill default
back to idle mode and the speed setting will be zero.

5. Display Instructions

To gotothemain menu at any time pressthe menu button. From the main menu,
press 1 to set the speed or 2 to view theroller speed and applied torque.
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