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NUCOR STEEL KANKAKEE, INC.

OLIVET BACKGROUND

THIS PROJECT WAS BROUGHT TO ONU BY NUCOR, A
STEEL PRODUCTION COMPANY IN BOURBONNAIS |L

"Whipping" Process
used On rebar

 THEY PRODUCE REBAR, ANGLE, CHANNEL, FLATS,
ROUNDS, AND SQUARE BARS.

e STEEL BARS READY FOR PACKAGING ROLL DOWN
THE PRODUCTION LINE, BUT SOME BARS ARE
SHORTER THAN THE CUSTOMER SPECIFICATION

Shaft with lifting
 SHORT BARS REMOVED BY WORKERS arms that discard

the short bar
* THE COMPANY VALUES SAFETY AND WOULD LIKE
TO REPLACE THE UNSAFE LABOR PROCESS WITH A
SAFER ALTERNATIVE
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OLIVET PROBLEM STATEMENT

NAZARENE UNIVERSITY

e STEEL BILLETS ARE HEATED UP AND FORMED
INTO VARIOUS STEEL BAR SHAPES

* WHEN THE BILLET RUNS OUT OF MATERIAL TAIL ENDS
ARE CREATED WHICH RESULT IN SHORT BARS

*THE SHORT BARS RESULT IN A LOWERED PRODUCTION
CAPACITY BECAUSE OF THE TIME IT TAKES TO REMOVE
THE SHORT BARS
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OLIVET VIDEO OF "WHIPPING" PROCESS
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QOLIVET REMOVING BAR TO DISCARD PILE
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OLIVET FLOOR PLAN
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OLIVET DESIGN OBJECTIVES

MNAZARENE LINIVERSITY

* IMPROVE THE SAFETY OF THE FACILITY
* OUR DESIGN MUST REMOVE THE BARS IN A TIMELY MANNER

* NUCOR WOULD LIKE IF THE PROCESS IS FULLY AUTOMATED,
MANUAL IS STILL A SUCCESS

 THE PRODUCT SHOULD BE VERY RELIABLE WITH MINIMUM
MAINTENANCE REQUIRED

[T SHOULD BE EASY TO USE WITH LITTLE TRAINING REQUIRED
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OLIVET FUNCTIONAL REQUIREMENTS
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 MUST BE ABLE TO REMOVE STEEL BARS OF VARIOUS LENGTHS,
SHAPES, WEIGHTS, AND SIZES FROM THE PRODUCTION LINE

* MUST ALSO REMOVE THE SHORT BARS SAFELY INTO A DISCARD
PILE WITH AUTONOMY OR USING A MANUAL PROCESS THAT IS NOT
LABOR-INTENSIVE

* Must Move out of the way of the overhead crane while not
In operation.




OLIVET DESIGN CONSTRAINTS

MNAZARENE LINIVERSITY

 MUST BE EXTREMELY COMPACT DUE TO LIMITED SPACE

e DESIGN MUST BE ABLE TO WITHSTAND TEMPERATURES AS HIGH AS 900°F WITHOUT
DEFORMING OR DETERIORATING

 MUST BE ABLE TO REMOVE BARS THAT VARY IN LENGTH FROM 20" up TO 60"

 MUST BE ABLE TO REMOVE BARS THAT VARY IN SHAPE: ANGLE IRON, CIRCULAR PIPE,
SQUARE PIPE, CHANNEL, AND REBAR

 MUST BE ABLE TO REMOVE BARS RANGING FROM 30LBS TO 350LBS

e COST MUST BE LESS THAN $200,000 ALTHOUGH A DESIGN LESS THAN $50,000 IS

PREFERRED O
| ° ABET
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OLIVET DELIVERABLES

RENE LINIVERSITY

* NUCOR IS ASKING FOR A DESIGN CONCEPT
THAT THEY CAN POTENTIALLY USE AS A
SOLUTION TO THIS ISSUE

* DELIVERABLES INCLUDE ENGINEERING MODELS,
BILL OF MATERIALS, MACHINE INSTRUCTION, AND
ESTIMATED COST

* THREE-DIMENSIONAL MODELS AND DRAWINGS
OF THE DESIGN ARE HIGHLY DESIRED
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DESIGN ALTERNATIVES

Retractable Flipper
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OLIVET DESIGN ALTERNATIVES
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Overhead Rotating Retractable overhead crane
Arm
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OLIVET FEASIBILITY AND CHALLENGES

NAZARENE UNIVERSITY

Challenges encountered:
* Limited space to work with to implement our design
* Position of the short bar on the rolling assembly line
o Changed design
e Variety of product rolling through assembly line
o Can be problem for our grabbing mechanism
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DESIGN SELECTION

Collapsible | Crane Overhead Retractable Retractable
Crane Arm leper Rotatmg Arm Fllpper Arm Overhead Crane

Feasibility

Functionality
Performance

Connections/
Interfaces

Safety
Manufacturing/
Logistics
Maintenance/
Support

Totals

43

31

54

46

35
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OLIVET Fall Design Status
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Old Design

Old Grabbing
Mechanism
Utilizing Ball Screw
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OLIVET FINAL DESIGN
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Re-designed the structure of the rotating
arm from rectangular to circular

20 ft apart configuration of rotating arms (for 60 ft
bar)

Grabbing mechanism

Rotating arm/

Grabbing Mechani

Hydraulic Clamp

Rotating arm
collar and pin
set
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OLIVET FLOOR PLAN

NAZARLNE UNIVERSITY

 Side view
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OLIVET CONTROL SYSTEM
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Secve {cive Comesa
feed pocK Scceen Scceen
Feedback on speed,
position, and motor
conditions
{ Reset |
.‘/. Stac+ : e Discaca
SYNncC. l Position Pasilion '
-~ L 2 » B
[ienc) e’
i 5 »
Controls hydraulic arms = gy =
Controls rotating shaft

Side and top view of
assembly line

Controls grabbing
mechanism
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OLIVET ENGINEERING CONTENT AND ANALYSIS
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Required clamping force for grabbing mechanism

2F =0 =3601b—-2*Fp

F =257 Ib on each side

Maximum torque applied to the rotating shaft from lifting heaviest bar
and including the weight of the rotating arm

IM,. = 0 = (3601b)(8.304ft) + (1501b)(8.304ft) - T

T =4235 Ibf*ft
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e Motor Selection: 480V Servo Motor
« HPK-B1307C (23 HP)

ENGINEERING CONTENT AND ANALSYSIS

Kinetix HPK (460V) Motor Performance with Kinetix 5700 (400V-class) Drives

: . : Rotary Mofor | Rated Spood |18kimum | System Continuous | System Continuous | System Peak | SystemPeak [Motor Rated | o oo
* 5700 Kinetix Drive e O == o A 1 N 7 N oot
HPK-BI307C | 482 |2 (o) [n3.0 |260 (2300 |1 (228) |7198-5086-ERSx
Arn=olhJuoL. 15["] aum 4.0 141 | 1£40) [IE-] L0L (LIH) £1.0 |£od) P L T L g ll R
HPK-B1310C 649 185 (1372 Tista [ 325 (2676) 228019 2188-5130-ERSx
: . HPH-BIBISC 1008 27 (2388) 20 Sa2(imn)  [W7(858)  |2198-SI60-ERSx
* Gear ratio (400:1) o S (se [ [
HPK-BISOBE |30 5000 94 11 1076 0.3 700036 |68 [296-SI60-ERSK
e Decrease the speed (rpm) S i Rl [mw|@ses [ e
HPK-BIBTE | 3000 5000 180 183 (159) 3384 W00GSW0)  [ST0(BA)  [298-S263-ERSK
e To3.75r pm WPK-BIBISC | 1500 3000 187 360 (3186} 4020 WOMS)  |BO(LE) | 2188-S3IE-ERGx
.. HPK-BIGBE__|3000 5000 0 237 (2097) 00 SO0 |TSTERE)  [288-S3I2-ERS
L4 FO r p recision HPK-B2000C | 1500 3000 196.4 482 (1266) 0.0 o0 (8585} [750(1005) | 2%96-S312-ERSx
HPK-B2OIOE__|3000 5000 2540 25 (267 0.0 500 (45| [920(234]  |2186-S312-ERSK
* |ncrease t h e to rque ( | b S * ft) HPK-BZZIZC  [1500 3000 2540 607 5372) 0.0 TOS (780} [940(261)  |2188-S32-ERSK

Performance specification data and curves reflect nominal system performance of a typical system with the mofor ambient at 40 °C (104 °F), drive ambient at 50 °C (122 °F), and rated ine valtage, For
additional infarmalion on ambient and line condilions, refer Lo Metion Analyzer software,

* To 35,000 lbs*ft

* Covers the maximum
torque needed = 4,235
lbs*ft
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OLIVET  LIST OF PRODUCTS

e 23 Horsepower Servo motor (HPK-B1307C)
« $13,000
* Kinetix 5700 drive
« $5,000

3 position solenoid valves (2)
* 51,400 (total)

2198-S086-ERS3 Allen-Bradley
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OLIVET LIST OF PRODUCTS
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e Gear Reduction Box (100:1 and 4:1) Hydraulic Cylinder Clamp
* 4 @ $374 Each, $1,496
* $2,000 total
~ *1 X Total cost for raw materials
=T TR : =5$42,357.30
S E
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DESIGN VALIDATION

Table 8.1 Design Validation Summary

Requirement Inspection Test Analysis | Pass/Fail
Cost: less than 5200,000, less than X X PASS
$50,000 is preferred
Withstands temperatures up to 800°F X X PASS
Remove various shaped bars X X PASS
Structural design allows factor of safety X X PASS
equal to 2
Reduces employee physical x X PASS
involvement
Height must be less than 10 feet X b PASS
Minimum maintenance: must not b N/A

require down time to maintain

Efficiency: must remowve the bars N/A
quicker than the current method

Training: all employees, regardless of N/A
previous education/experience must be
able to operate this equipment
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OLIVET CONCLUSION
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Benefits
* Improves the safety of Nucor's workplace

Next Actions
* Programming the control system
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