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usually creates more 
springback. DP steel 
has much greater 
springback than 
HSLA steel because 
the parts made from 
DP steel have greater 
yield strength after 
forming. Also, the DP 
steel's tensile strength 
is about a third great­
er than that of HSLA 
steel. The good news 
is that springback can 
be controlled to some 

Figure 2 I Material Grade Distribution as a Percent of Weight in the Volvo XC-90 (Courtesy of Taylan Altan. CPF. 
degree by adjustingThe Ohio State University) 
tooling parameters. 

ing are used. The steel sheet (which has already been rolled 
once during the initial process) is rolled again at room tem­
perature and then heated to a high temperature (above 1,300 
F) before being rapidly cooled (quenched) by water. The 
rapid cooling then converts the austenite to martensite. This 
precise, fast and continuous rapid cooling process creates 
added strength with far less alloying. By precisely controlling 
the rate of cooling, the proportion of ferrite and martensite 
can be varied to produce steels with differing strengths and 
formability capabilities. 

ISSUES 
There are some issues in the manufacture and handling of A­
UHSS that make the material a challenge. Frank]. Kenny is 
the R&D director at IRMCO in Evanston, Ill., which has col­
laborated with and supported academic groups studying the 
forming properties of A-UHSS and the best lubricant choice 
for this grade of steel. Kenny says, "Advanced high-strength 
steels continue to present challenges to metal formers. Gen­
erally speaking, A-UHSS itself is much more aggressive on 
press-working tools. Premature tool wear becomes a para­
mount concern for metal formers." Two primary issues are 
springback and stretch-flangeability. 

SPRINGBACK 
After a flat-rolled metal is cold-worked and as the form­
ing force is released, the metal tends to revert to its original 
shape due to its natural elastic recovery properties. Basically, 
springback is caused by unbalanced stresses in the formed 
part and is influenced by a number of factors, including ten­
sile strength, yield strength (after forming rather than the flat 
sheet) and thickness. 

Springback is a concern with all high-strength steels, in­
cluding A-UHSS. However, the higher strength of A-UHSS 

STRETCH FLANGEABILITY 
Stretch flanges are created by expanding the radius at the 
cutouts in sheet metal blanks during the forming process. 
The process increases the flange edge length as the metal de­
forms. Auto industry examples include cutouts in automo­
tive window panels. When the circumferential strain is large 
enough, necking and cracking failures occur. Stretch flange­
ability is also referred to as edge ductility and hole expansion 
performance. 

Martensite and other secondary phases of the A-UHSS 
grades reduce stretch flangeability; as strength increases, 
the degree of the problem increases with it. A clean edge 
cut is especially important for blanked or sheared edges and 
punched holes in A-UHSS. Cutting tools also need to be suf­
ficiently sharp. Worn tools result in a 20% reduction in hole 
expansion (stretch flangeability) in mild steels but a reduc­
tion of 50% or more in DP and TRIP grades. 2 

"The challenges arise from the unique properties of 
A-UHSS," McClure says. "One needs to understand that 
there will be higher forces, contact pressures and resulting 
high-die temperatures. These considerations affect press, 
tool and lubricant selection. There is a lot of interest in ser­
vo-drive presses, which offer enhanced control of the form­
ing process. Servo-drive presses may be one way to help opti­
mize forming processes for certain advanced materials." 

LUBRICATION CONSIDERATIONS 
As A-UHSS becomes the new standard for auto manufactur­
ing, understanding how well the lubricant works with the 
material and tooling design becomes critical. Using lubri­
cants designed for A-UHSS grades is important for a number 
of reasons, not the least of which is that high press forces 
lead to higher temperatures that can cause some lubricants 
to break down or burn. 

1 Introduction to advanced high-strength steels - Part II http://_w.thefabricator.com/article/metalsmaterials/introduction-to-advanced-high-strength-steels. 



"When considering a metal-forming operation, there are 
three major factors to start with-the tool/die, the work­
piece and the lubricant," McClure says. "Workpiece material 
changes often require changes in the forming processes, the 
die material and die coatings and the lubricants. Changing 
anyone of these might require re-evaluation of the others." 

McClure explains that there is currently much research 
into die materials and die coatings in order to deal with the 
higher forces generated in forming high-strength steels. 

A-UHSS may require hard die coatings to prevent excessive 
wear and galling, and a lubricant may behave very differently 
on a coated die compared with an uncoated one. A lubricant 
that performs well on uncoated tool steel dies and punches 
may be ineffective if the change is made to a coated tool. 

Taylan Altan, professor and director of the Center for 
Precision Forming (CPF, formerly ERC for Net Shape Manu­
facturing) at The Ohio State University in Columbus, Ohio, 
says, "Since these materials have a high strength, they need 
more wear-resistant die materials or inserts as well as lubri­
cants that can withstand higher pressures and temperatures 
at the die/material interface." 

The user needs to consider compatibility of the lubricant 
with the specific combination of workpiece and die materi­
als. Because of higher die temperatures, some lubricants may 
smoke excessively, or they may oxidize on the workpiece 
more qUickly, causing problems with finishing further down 
the road. 

A-UHSS is significantly more difficult to draw than con­
ventional cold-rolled grades, but the quality of the forming 
lubricant helps. "Due to higher forming forces and blank­
holder pressures, friction and heat are major issues with A­
UHSS materials," Ulintz says. "Better lubricants are reqUired 
that don't break down at the higher process's high tempera­
tures. For deep draWing, lubricants that Significantly reduce 
friction and aid material flow under the blankholder are re­
quired." 

Extreme-pressure (EP) lubricants have long been con­
sidered the best way to achieve high-performance tool pro­
tection on demanding deep-drawn or heavy-gauge formed 
pans-in particular, sulfur and chlorinated EP additives 
blended with straight oil could improve tool life. 

"Generally speaking, forming these metals puts a higher 
demand on the metalworking system tooling, material and 
lubricant," Kenny adds. "A less robust lubricant is more 
likely to fail. We have encountered numerous potential cus­
tomers that have gone back to chlorinated oils to deal with 
the metalworking demands of A-UHSS. Bargain lubricants 
generally do not hold up well over time, and the metalwork­
ing system suffers." 

However, with the introduction of A-UHSS and tighter 
environmental/disposal requirements, EP is no longer the oil 
of choice. The high heat necessary to form A-UHSS causes 

EP oils to underperform, no longer providing the tool-pro­
tecting barrier required for extreme-temperature (ET) appli­
cations 3 

EP versions of high-solids polymer (HSP) lubricants do 
provide adequate protection. However, HSP lubricants have 
a thin viscosity when applied; as the temperature rises the 
viscosity becomes thicker and more persistent. In fact, these 
heat-seeking ET fluids will attach to hot metal, creating a 
friction-reducing film barrier. This protective barrier allows 
the tool to stretch and form metal without splitting, thus 
controlling friction and metal flow. 

"Again, selection of the lubricant is dictated in part by 
the specific combination of workpiece and tool surfaces be­
ing used, along with the consideration of much higher forces 
and temperatures," McClure says. 

Figure 3 I Friction and Wear Analysis Methodology (Courtesy of Ted 
McClure. TribSys LLC) 

Such lubricants do exist. Altan says, "We need lubricants 
with pressure additives that can withstand high pressures as 
well as the temperatures, up to 150 Cl302 F or so, that are 
generated at the die surface. These lubricants are available. 
At our center we evaluate the performance of those lubri­
cants for many lubricant suppliers and OEMs." 

LUBRICATION TESTING 
The best way to examine and address lubrication issues is 
through lab testing that recreates real-world use conditions. 
"There are many simulators on the market that come in and 
out of vogue. But there is no one perfect predictor," Kenny 
says. "While we try to prescreen candidates in the lab, there 
is inevitably more work to be done in press trials." 

McClure notes that there are many test options, including 
bench and simulation tests. Simulation tests scale down a 
speCific process in order to bring the exact operation into the 

From Advanced Lubricant Technology For High-Strength Steel, by Brad Jeffrey, full article available at http://www.lhefabricalor.com/arlicle/irmco-Ieangreen­
melalforming/advanced-\ubricanl-technology-for-high-strength-steel. 
l 



Using lubricants designed for A-UHSS grades is important for anumber of reasons.
 

laboratory setting. If well done, these tests should, and often 
do, correlate very well with field experience. Examples in­
clude draw bead simulation, hydro-forming tube expansion, 

cup or dome-forming tests and tapping torque in metal-cut­
ting. However, they are specific to the operation being scaled 
down and are generally more expensive and time-consuming 
than the second type of laboratory test, bench tests. 

Bench tests create specific tribological conditions that 

may be common to several operations. Application of the 

test data requires an understanding of the test condition and 
how it applies to the metalworking process being studied. In 
that sense, it can be less reliable than simulation in predict­
ing performance of lubricantltooVworkpiece combinations 
in the field. However, some bench tests have shown excel­
lent correlation with field performance, and they are gener­

ally less costly and time-consuming to run. 

"This is particularly important to metal-forming lubri­
cant formulators who may want to evaluate many additives 
and combinations of additives for effectiveness on different 

tool/workpiece 
combinations,"

What's on Tap? 
McClure says. 
"Often workNext month's cover story, HT contributing 

editor Jean Van Rensselar reviews the will begin using 
importance of vibration analysis as a bench tests, then 
component of oil analysis-an effective progress to simu­
predictive maintenance tool used in lation and ulti­
industrial applications. mately field trials. 

The bench test 

should minimally 
be able to use the same surfaces being used in production, 
for example electro-galvanized steel against D2 tool steel, if 
these are in use in the operation." 

Examples of commonly employed bench tests in­
clude twist compression, four-ball, pin-and-vee block, and 
Reichert. 

"Real-world stamping can be simulated very well in a re­
search setting using various types of commercial Finite Ele­
ment Analysis (FEA) software," Altan explains. "However, it 
is important to have the reliable material data-flow stress 
and formability-and friction data such as the coefficient of 

friction that may vary with die/material interface pressure 
and temperature. Often people who simulate sheet forming 
using FEA do not input the proper data into the software. As 

a result, the output may not be quite reliable, i.e., it won't 
emulate the actual production conditions in the shop." 

REPAIR AND RESCUE CONSIDERATIONS 
The presence of A-UHSS is increasing in most new cars, lead­
ing to increased fuel efficiency and better crash performance. 
This is great news for consumers, not so great for those in­
volved in body repair. On newer vehicles, the old rules no 

longer apply. A single part may be made from several differ­

ent types of steel, and there is virtually no way to identify 
A-UHSS by Sight. 

Right now the only way to detect it without reading the 

repair specs is through shop tools that struggle and/or fail. It 
also helps to know where A-UHSS is most likely to be found, 
areas that would logically contribute to crash protection such 
as door collision beams, A-pillars, B-pillars, the roof rail, the 

lower rocker area and cross-members beneath the floorpan 
or across the roof. 

The only universal recommendations for repair specifies 
that heating should not be used to straighten A-UHSS be­
cause the temperature required to straighten damaged steel 
causes the mechanical properties of the work-hardened part 

to degrade. 
There is still a large amount of research that needs to be 

conducted to determine the limits of repairability. The steel 

and auto manufacturers are currently working overtime to 
hone and document repair techniques in areas such as weld­
ing, drilling and cutting. 

Then there's the issue of emergency rescue. Rescuers are 
now aware that many new vehicles they encounter at a crash 

scene will have key structural parts made of A-UHSS. The dif­
ference between workers in a body shop and rescue workers, 

though, is that rescuers don't have access to repair specs and 
have no way to tell Cother than tool failure) what the parts 
are made of. Because the primary rescue tool, the hydraulic 
rescue cutter, will stall when trying to cut through A-UHSS, 

this is a Significant problem. Failed manufacturing and repair 
tools are one thing, failed rescue tools, which may mean the 
difference between life and death, are quite another. 

FINALLY... 
A-UHSS is currently being considered for applications that 

extend far beyond the auto industry. Its use should continue 
to grow as handling and repair issues are resolved. With the 
increasing pressure on car makers to reduce weight without 

compromising style and increasing cost means that the mar­
ket for A-UHSS will remain strong. In a sense, A-UHSS is 
also one of the saviors of the steel industry. This massive 

application A-UHSS is the perfect way to defend the steel 
market as the material of choice for auto-making. 

"Government regulations, as well as market conditions 
and fuel prices, dictate that automakers continue to improve 
fuel economy while maintaining or improving crash worthi­
ness of vehicles, without increasing costs," McClure says. "A 

key enabling technology to accomplish these objectives is 
the use of alternative materials, including A-UHSS." iiIi 
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