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Diversion at Burns Harbor Hot Strip Mill: Results and 
Benefits in Terms of Its Impact on Reject Reduction and 
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Digital technologies are transforming industry at all levels. Steel has the 
opportunity to lead all heavy industries as an early adopter of specific 
digital technologies to improve our sustainability and competitiveness. 
This column is part of AIST’s strategy to become the epicenter for steel’s 
digital transformation, by providing a variety of platforms to showcase and 
disseminate Industry 4.0 knowledge specific for steel manufacturing, from 
big-picture concepts to specific processes.

Even the most advanced and 
well-maintained hot strip mills 

(HSMs) are susceptible to opera-
tional disruptions, such as cobble 
events or roll mark issues, further 
leading to schedule delays. Post 
operations restart, the mill may 
need to adjust its schedule to pro-
duce coils at a heavier gauge than 
ordered, in order to not jeopardize 
the stable operation of the mill. 
However, manual changes to the 
product data input (PDI) values 
for these alternate orders are time-
consuming and often impractical. 
The resulting coils, if rolled at heavy 
gauge without an appropriate order, 
frequently become rejects, adding 
to the already significant produc-
tion losses. 

This article presents a solution to 
mitigate this problem. By overlay-
ing alternate order data onto the 
next coil to be produced, a good 
coil was created on the alternate 
order. This approach significantly 
reduced the number of rejects in the 
mill and improved overall produc-
tivity. The implementation details 
are described in the article, along 
with the benefits and lessons learned 
from this project.

Introduction 
The Burns Harbor HSM is a f lag-
ship hot mill designed to produce 
light-gauge class-1 exposed hot roll 
material within Cleveland-Cliffs’ 
footprint. There could be signifi-
cant challenges during production 

of exposed quality light-gauge hot 
roll material if the mill becomes 
unstable or incurs unplanned stop-
pages during a rolling schedule. 

The work outlined in this arti-
cle showcases how a new system 
finds appropriate orders that fit 
hot rolling scheduling constraints 
and saves on prime product yield 
during those situations. The core 
logic of the program was jointly 
developed by the HSM Quality, 
Operations and Process Automation 
group. Specifically, this work show-
cases how different strategies can 
be deployed during a light-gauge 
rolling campaign when unplanned 
stoppages occur and help the opera-
tions to get out of the mill instabil-
ity without producing coils that are 
outside the approved orders. 

Problem Definition 
A hot mill that is not coupled with 
a thin-slab caster charges slabs at 
room temperature to reheat fur-
naces; such HSM typically follows 
a “coffin” shape schedule for their 
operational lineup. A notable con-
straint of these scheduling arrange-
ments is that these lineups follow 
strict scheduling guidelines where 
large stepdown changes in gauge 
occur from one bar to the next and 
increases in width are not allowed 
between consecutive bars.1 New 
lineup schedules generally start with 
fresh set of rolls on all seven finish-
ing stands and a key aspect at the 
start of a coffin schedule is the 
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warm-up section (i.e., heavier-gauge bars are rolled in 
this section). The warm-up section helps in building the 
roll thermal puff and also helps in leveling the mill. A key 
underlying assumption with these scheduling guidelines 
is that no delays will occur between the bar production. 
Any extended unplanned downtime and continuous 
cooling of the rolls during this downtime results in a loss 
of roll thermal puff that was obtained during the warm-
up section. Furthermore, if one or two sets of rolls are 
replaced during a delay, due to issues such as roll marks 
on the strip or due to poor shape, then it can potentially 
affect the leveling in the mill, further exacerbating opera-
tional challenges. If the aforementioned events do occur 
at a point in the coffin schedule where rolling gauge was 
on the extreme light side (<0.09 inch), then it adds even 
more difficulty during threading and tail-out of the bar. 
In the old system, to get out of such situations, the only 
option operators had was to select a thickness that was 
easier to roll. The system had a predefined menu where 
an operator pressed a button on the human-machine 
interface (HMI) and was offered three standard gauge 
options: 0.13, 0.177 and 0.210 inch. This option only 
offered the operator the choice of a higher gauge without 
indicating if orders for these preset gauges were avail-
able or not. Furthermore, there were also no controls in 
place to govern the final product’s width, finishing/coil-
ing temperature, as well as ability to enforce strict gauge 
and width tolerance requirements. Consequently, many 
of these affected products ended up being rejected inter-
nally for quality or being diverted and thus being sold on 
the secondary market at discounted prices. This further 
results in delayed sales of these products and is often at a 
loss for the company.

Methodology 
Hot rolling is probably the fastest conversion process in 
the steel business wherein practically unique product 
types can be produced at a very fast pace within one 
schedule. Even the slabs from the same heat lot may 
be used for entirely different products because there 
could be differences in product characteristics such as 
gauge, width, customer, tolerances, mechanical proper-
ties requirements, etc. These product characteristics and 
other input conditions do come in the form of PDI to the 
HSM level 2 computer, which then assigns these inputs 
to various sections of the mill or to the slab/transfer bar 
as inputs during the conversion process of slab to a coil. 
A PDI therefore is largely dependent upon the customer 
order; thus making changes to one variable of PDI at a 
time during a running schedule is almost an impossible 
task. Changing the gauge of a coil to a higher gauge and 
ensuring the resulting product still fits the final order 
requirement requires more than just changing the gauge, 
it requires existing PDI to be overwritten with the most 
important fields on the PDI of the alternate order before 
the slab is discharged from the furnace. Overlaying 
alternate-order PDI values onto the slab before it turns 
into the coil will ensure that the resulting coil requires 
minimal manual intervention after it is produced. Now, 
the next challenge for the team was to identify those 
important fields of the PDI for all the open and dressed 
orders in the business system for the orders that have any 
melt demand. Melt demand is the tonnage for an ordered 
grade at a specific width that is required to be cast by the 
slab casting area. Important PDI fields for every hot roll-
ing entity could be different, as each hot mill facility and 

Coffin shape schedule illustrating intermediate roll change, full 7-stand roll changes and unplanned f7only roll 
changes.

Figure 1
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their order dressing requirements are unique in many 
aspects. For the Burns Harbor hot mill, the project team 
outlined the following as critical PDI fields:
•  Melt Grade: ensures the exact same grade orders 

are swapped.
•  Melt Demand (tons): ensures that only orders 

that have some casting demand will be used for 
swapping.

•  Order Number: ensures that the coil produced 
gets assigned onto the correct order and melt 
demand.

•  Aim Gauge: ensures the right gauge is produced.
•  Aim Width: ensures appropriate spread squeeze 

rules are applied to the slab and the final width 
is made.

•  Finishing Temperature: ensures correct finishing 
mill setup.

•  Coiling Temperature: ensures correct runout 
table spray setup and best shot at getting coiling 
temperatures.

•  Gauge Tolerance: ensures gauge stays within the 
tolerance.

•  Width Tolerance: ensures product width is within 
the width tolerance.

•  Surface Exposure Requirement: if an alternate 
order is for an exposed quality product, then best 
practices are automatically followed.

•  Mechanical Testing: ensures a test f lag is put on 
the coil and the coil is not going to be shipped 
without the prerequisite tests.

•  Sulfur Limits and Calcium Treatment Flag: 
ensures the correct sulfur levels and inclusion 
modification practices were followed in the slab.

To facilitate the implementation of alternate-gauge 
programming in the level 2 system, the quality team was 
entrusted with developing an order information table that 
could be retrieved from the business system. An example 
row from this order table is shown in Fig. 2. Given that 
the level 2 system lacks direct access to the level 3 busi-
ness system, running queries across the 50 relevant tables 
each time a bar is discharged from the furnace was 
deemed impractical. Not only would it lead to significant 
delays in processing, but it would also compromise the 
performance of the level 2 system. To address these limi-
tations, a static order summary table was created within 
the level 2 system using stored procedures. The proce-
dure runs every 4 hours to update the melt demand for 
all orders in the system. Meanwhile, during the 4-hour 
window between the updates, the level 2 system continu-
ously tracks melt demand by subtracting the weights of 
swapped alternate orders, thereby preventing the produc-
tion of coils that may potentially exceed the allowable 
order limit. 

The following design constraints/challenges were given 
to level 2 team:

1.	 Overall steps to using an alternate gauge pro-
gram should be very easy for the operators to 
adopt to ensure its success.

2.	 If an operator changes their mind at any point 
during the process, they should have the abil-
ity to cancel the alternate order until the point 
at which the slab has not been discharged from 
the furnace and revert to the original planned 
schedule.

3.	 Level 2 models (roughing mill, finishing mill, 
coiling temperature control, etc.) should process 
the alternate-gauge coil in a way that would 
ensure all final order parameters are met.

4.	 Melt demand for both parent and child orders 
should be adjusted dynamically once the pro-
duced coil goes onto alternate order so that the 
caster group does not overproduce the slabs for 
the alternate order but produce one for the not-
produced order. 

The following design constraints/challenges were given 
to the quality team:

1.	 Ensure minimal review process by the quality 
disposition engineer after the coil was produced 
through the alternate gauge order.

Order information table showing example row item.

Figure 2
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2.	 Coil f low until it ships to the customer should 
not require any manual intervention or require 
any extra process steps such as overwidth adjust-
ment, etc.

3.	 Alternate orders cannot be for secondary orders 
or stringer coil orders; they must be assigned only 
for prime customers in order to not count them 
toward reject numbers.

Schedule reheat furnace map layout of slabs, next to discharge slabs are showing at the top.

Figure 3

Example product data input (PDI) of a slab and selection of Alt-Order on the bottom left.

Figure 4

http://www.aist.org
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Once Alt-Order selection is made, PDI is overwritten and Alt-Order button shows red text.

Figure 6

Display list of available orders for selection once Alt-Order button is pressed.

Figure 5

http://www.aist.org
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Figs. 4–7 illustrate the steps involved in selecting one 
slab from furnace 4, which is next to discharge and was 
later selected for the alternate order. Once the next dis-
charge bar from furnace 4 is clicked for options available, 
it then displays three orders are available, as shown in 
Fig.  5. The operator can choose the most appropriate 
option from the available choices. Upon confirming the 
alternate order for a particular slab, as shown in Fig. 7, 
the corresponding slab’s color on the HMI was updated 
to a green box for improved visibility and easier identifi-
cation. Using a total of five mouse clicks, an operator was 
able to choose the slab for the appropriate alternate order 
and save it from being rejected.

Fig. 8 shows the alt-gauge usage trends from March 
2023 to June 2024 when an alternate-gauge program was 
first implemented. During this phase of implementation, 
the team realized the challenges associated with regard 
to its adoption by the operators. Alt-gauge usage ranged 
anywhere between 25 and 70% due to several missed 
opportunities in certain months because operators simply 
forgot to check for the alternate-gauge prior to doing the 
gauge diversion.

Steps Taken to Improve Adoptability 
The following steps were taken to improve overall adop-
tion from operators:

1.	 Dectalk alarm after long delays if next to roll 
material is below 0.10 inch:
 ∘ 	This relatively simple upgrade turned out to 

be very effective as it allowed the operators 
to focus on performing operational checks 
rather than looking for an alternate order 
prior to restarting. A simple Dectalk would 
bring their attention to the alt-gauge option. 

2.	 HMI to display alternate orders information on 
the six slabs closest to the discharge end on the 
furnace map:
 ∘ 	This upgrade also proved to be a very useful 

tool as it helped operators by eliminating the 
need to click each bar, which would adversely 
affect their interest and morale to use this 
tool if no orders were available after clicking 
through each and every bar just prior to 
resuming operations after a long delay.

3.	 The option to assign run-back of slab, in rare 
cases, when there are no Alt-Orders available 
or when it is difficult to roll to a light-gauge coil.
 ∘ 	If for some reason the option for Alt-Order 

was not available for the next bar in the 

Next to discharge slab from furnace 4, in the dashed border area, shows Alt-Order was selected. The slab color 
changed to green text box.

Figure 7
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discharge sequence but the same was 
available for the bar after that, it was decided 
to allow operators to run back the bar that 
doesn’t have the order. The team was able to 
integrate the runback option within HMI to 
facilitate this functionality. 

4.	 Use of Alt-Orders to cut into schedule:
 ∘ 	This feature is also being used more recently 

for cutting into schedule before and after a 
planned downturn to further allow some 
f lexibility for the scheduling group.

5.	 Daily email reporting for management review:
 ∘ 	A daily summary of all the gauge diversion 

slabs is being sent to management for further 
review with the operators for any missed 
opportunity. The email report, shown in 
Fig. 10, displays two tables; the top table 

shows gauge diversion using Alt-Orders and 
the bottom table shows the gauge diversions 
done without using Alt-Orders. The bottom 
table also indicates whether alt gauge options 
were queried and were available at the time. 
This helps the management team to engage 
with the operators and help facilitate the 
usage of this tool or identify improvement 
opportunities.

Fig. 11 illustrates significant improvement in operator 
adoption after July 2024; the team was able to consistently 
hold the % alt-gauge usage above 65%.

Results 
This tool has proven to be immensely effective in provid-
ing operators with the ability to tactically mitigate quality 
diverts because of unplanned delays while improving the 

Gauge diversion trends using with and without Alt-Order program.

Figure 8

Illustrates in bordered dashed yellow section next to discharge top three slabs in each furnace to indicate whether 
Alt-Orders are available on them without having operators to click on each of these slabs.

Figure 9
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overall quality performance. Since its implementation 
from March 2023 to January 2025, the team success-
fully applied 550 alternate-gauge options amounting to 
US$1.75 million of savings for the company.

Conclusions 
The work outlined in this article shows how the Burns 
Harbor Quality, Operations and Automation groups 
worked together and solved a real-life problem without 
any capital investment. The new capability has helped 

reduce off-gauge rejects and has given operating group 
f lexibility to run the rolling mill in stable mode.

Disclaimer
Due to the unique and plant specific nature of the work 
presented in this article, it was not possible to identify 
relevant reference literature specific for minimizing rejec-
tions associated with gauge diverts. The findings and 
improvements reported here are relevant for Cleveland-
Cliffs Burns Harbor hot strip mill. 
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