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The purpose of this SAE Information Report is to descnibe
1
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S

ility; that is, its ability to be formed with the structura]
ional and surface integrity to fulfill the designcintent.

ION:

ng of Galvanized Sheet Steels, (AISI DocumentiSG-539). This
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ation Report reproduces those sections of/the AISI document
flically devoted to the properties of thelgalvanized sheet stg

q of the complete publication can be.obtained from:
Institute, 1000 16th Street, Washington, DC 20036.
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Th

tlance of vehicles has resulted in a greater use of coated st4
gce of the traditional uncoated cold rolled steel sheets for
S.

rled with uncoated steel sheets, coated steels have different
dteristics that can bé expected to affect automotive manufac
tions such as stamping, welding and painting. The purpose o
dation is to characterize the features of coated steel sheetj
dte how these‘features (especially where they differ from un
) influence  formability in stamping operations.

gterialorelated factors greatly influence the formability of
- the steel substrate and the coating.

ties of galvanized low carbon sheet steel which relatetto it
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The American Iron and Steel Institute has“published a guide to The
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the

mechanical properties of the substrate (ductility, work hardening and
plastic anisotropy) determine the ability of the steel to withstand strain

in various modes of forming (such as stretching and deep drawing).

Thus,

. just as mechanical properties are very important to the formability of
uncoated cold rolled steel, so too are they important to the formability
of coated sheets.

SAE Technical Board Rules provide that: “This reportis published by SAE to advance the stafe oftechnical and engineering sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report atleast every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your

written com

ments and suggestions.
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3.

4,

4.1

(Continued):

- The characteristics of the coating, although Tess important to forming
than the substrate, can have a significant influence on forming because
the coating can affect metal flow over tool and die surfaces.

Both these faciors, the substrate and the coating, are influenced markedly by

the method used by the steel manufacturer to produce the coated sheet.
Because there are a variety of production methods, different mechanical
properties and coatings can exist., These combinations of properties and
%pating types offer the steel user a broad range of product performance
eatunes.

FORMABILITY OF THE STEEL SUBSTRATE: Because of the Targe nGmber |of

automgtive parts produced from steel sheets, formability requirements range

from simple to complex. To acconmodate these requirements, the gteel

industry offers coated sheets with different levels of~formability and,
accordingly, cost. Consequently, it is possible tormake a most
cost-gffective selection of a coated sheet for any part configurgtion.

As it |is with uncoated cold rolled sheets, the formability of codted sheets

is inflluenced by steel composition, microcléanliness, thermomechgnical

procesjsing conditions used in hot rolling, cold rolling and annedling, and by

the amount of temper rolling or leveling.

Coatijng Processes and Their Impact on Substrate Formability: Bgfore
categorizing coated sheets according to the formabiTity of thein steel

substirates, it should be recognized that the coating method can|affect the

metalflurgical structure of the substrate which, in turn, can affect the
formapility of the coated sheet as follows:

4.1.1 Hot] Dipped Galvanizings’ In the most common method for contindous hot

dipped galvanizing, the sheet reaches one of two different temperature
reglions depending on the nature of the process and metallurgiqal
properties required.

ow Températures of about 455° to 480°C (850° to 900°F) arq attained
Mhen avcooler, flux-cleaned strip enters the hotter zinc pdt or when
reheating is done to ensure that the sheet is at the same [temperature
s. the molten zinc bath. These Towline temperatures are udually used
ain a soft,

ductile structure that exhibits good formability.

High Temperatures of about 675° to 900°C (1250° to 1650°F) are employed
to achieve in~line annealing and replace pre-box annealing. Because
the in-1ine annealing is of short duration and higher temperature,
compared with box annealing, different metallurgical reactions occur.
For conventional carbon steels (C.015 to 0.15% carbon), the heating
during the hot dipped galvanizing, and the associated rapid cooling,
causes excess carbon to remain in solution in the steel. This carbon
tends to reduce the formability of the steel compared with box
annealing. For this reason, post heat treating at 260° to 290°C (500°
to 550°F) is often practiced to precipitate carbon and hence restore
sone of the formability. Alternatively, when extra low carbon

Distributed under license from the IHS Archive
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4.1.1 (C

4.1.2 El

ontinued):

(<0.01% carbon) interstitial-free steels are used, post heat treating
is not necessary because the carbon is combined (stab111zed) by

alloying elements such as columbium and t1tan1um and excel
formability is obtained.

ectrogalvanizing:

ab

be

cl

For

4,2 Stee]

ove normal room temperature.

lent

The electrogalvanizing process is conducted slightly
Consequently, the mechanical properties of
electrogalvanized sheet are almost identical to box annealed cold rolled
sheet, although some minor effects may occur because of in-line tension or

nding.

the above reasons, substrate formability of electrog@ivani
psely approximates that of cold ro11ed'sheet.

Substrates: Specific combinations of steel composition ar

cond]
coat

4.2.1

Coy

tions result in four pr1nc1pa1 categories of steel substrate

éd sheets.

hmercial Quality (CQ) Stee1'Sheets: These¢ coated sheets ard

fr
CO
us
ca
Ty
di

4.2.2 Dr

m either ingot cast rimmed and capped<steels or from ingot
Etinuous cast aluminum-killed steels. Aluminum-killed steel
ally less sensitive to strain aging-at room temperature thg
pped steels.

bicall properties of the steelsubstrates after being.prdces

wing Quality (DQ) Steel-Sheets:

ei
co
cQ

Ty
Ta

Dr

Ny

cofl
for

Iped galvanized or electrogalvanizing are shown in Table 1.
xher ingot cast, rimmed/capped and aluminum-killed steels of
tinuous cast aluminum-killed steels. The DQ steels are mad
ipositions and processing conditions more restrictive than 1

CQ steels. Asya result, they exhibit somewhat better forn
steels.

ical properties of the steel substrates of DQ steels are sh
le 2.

wing Quality Special-Killed or Aluminum-Killed (DQSK or DQA

[«

zed sheet

d processing
es for

b produced

or

s are

n rimmed and

sed by hot

These sheets are also produced from

from
e to
those used
pability than

own in

K) Steel

Sh

pr

peéts: The highly formable aluminum-killed steel sheets can

be divided

ocessing conditions as follows:

into subcategories according to the carbon content of the steels and the

DGSK - Low Carbon Steels (LC) - These steels usually contain 0.015 to

0.15% carbon (and for the most part 0.04 to 0.06% carbon).

For hot dip

galvanized products, they are either in-1ine annealed or pre-box

annealed and post heat treated (box annealed).
shown in Table 3.

Typical properties are

1The mechanical properties Tisted_in Tables 1 to 5 are typical of the
specific steel category and are not meant to represent averages or median values.
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4.2.3 (Continued):

- DQSK - Extra Low Carbon Steels (ELC) - These steels are produced by
special steelmaking practices to achieve very low carbon contents
(0.002 to 0,015% carbon) ana excellent microcleanliness. There are two
types:

~ Stabilized (Interstitial-Free) Steels - in which the low resiaual
carbon content is combined (or fully stabilized) with alloying
additions such as columbium or titanium. For hot dipped products,
these steels can be in-line annealed or pre-box annealed. (No post
annealing 1S necessary ror thesé Steels because the ca:aon is fully

stabilized by the alloying elements present.) Electrogdlvanized
interstitial-free steels have substrate propertiesc(formjability) as

‘ good as their box annealed counterparts.

- Nonstabilized Steels - contain no strong carbide=forming alloying
elements (Cb, Ti, etc.) and, hence, are unlike interstitial-free
steels. For this reason, nonstabilized steels require g pre-box
anneal plus post annealing to develop thé maximun level |of
formability.

Table 4 Tists the representative properties of DQSK extra low carbon
steels.

4.2.4 High Strength Steels: These steels usually contain special strengthening

5,

agénts (such as phosphorus, manganese, colunbium, vanadium or |titanium).
By|judicious combinations of the steel composition and procesging
practice, a number of strength levels can be obtained. Typicgl mechanical
properties are shown in Table 5,

EFFECTS OF GALVANIZED COATINGS ON FORMABILITY: The formability qf the zinc

steels depends both upon the properties of the substrate gnd the
teristics of the coating. To some extent, the variety of jubstrate
ties from diffferent steel manufacturers has contributed to|confusion in
bstitution'of galvanized steels for cold rolled steels. R¢cent changes
elmaking<practices have improved the rechanical properties|of some of
t dipped galvanized products to the point where their formgbility is
equivalent to that of the uncoated cold rolled product.

In ge 1 roperties are more
important than those of the galvanized coatings. There are, of course,
exceptions to this and there are applications where the surface
characteristics of the galvanized coatirgs become very important. These
surface characteristics can change the frictional behavior during the forming
process. This is especially true for prototype or soft tool programs where
results have shown that galvanized sheets behave differently from cold rolled
sheets, even when the substrate properties are simitar. For example, it has
been established that one of the primary reasons for the poorer performance
of the galvannealed steels during tooling developrent-is because there is an
interaction between the galvannealed surface and the soft prototype tooling.
This produces high frictional forces that adversely affect formability.
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‘ 5. (Continued):

It must be recognized that sheet metal forming is a complex process involving
interactions among the material being formed, the tooling and the

Tubricants. While all are important, under certain circumstances one may
overshadow the others. What may be found to work well for one material under
one set of conditions may not work well for that same material on another
part. For example, because of the material-tool-lubricant interactions,
comparison between galvannealed and bare steel on soft prototype tooling
using the same Tubricant may result in the galvannealed steel exhibiting

poore] T ion
toolipg. For such cases, the soft prototype tool trials may be:misleading.
It is|suggested that different Tubricants may be required for\sofft prototype

tool and hard production tool conditions. Furthermore, because off these
interactions, it may be more fruitful to use a different type of |steel and/or
coatipg for the prototype tool trials than will be used |under production
condifions.,

An area of considerable research today is the study of the interaction
betwepn galvanized surfaces and forming lubricants. The coating [surface
topography will determine to a great extent, the ability of that goating to
carry| lubricant into the die forming operation.

6. EFFECTS OF SURFACE CHARACTEKISTICS ON FORMABILITY: It is recognilzed that
diffefent finishing techniques affect the surface characteristicg of
. galvahized coatings, and in turn, these surface characteristics have an
effecft on the formability of galvanized steel.

In addition, tooling materials-and tooling surface treatments have a
significant effect on formability.

Quantfitative data in this area is limited and further research ig needed.
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TABLE 1 ~ TYPICAL SUBSTRATE MECHANICAL PROPEKRTIES OF CQ STEELS

Ultimate Percent
Yield Tensile Total
Strength Strength ETongation
Typg of Steel MPa (ksi) IiPa (ksi) 51 rm (2 in) rp* | n**
Hot-Dipped Galvanized 276 (40) 352 (51) 34 1.1 0.18
(al11 Coatings, including
Tvo Sidgs
One Side
Fully Alloyed Zinc-Iron
Differentially Coated)
Electrogaivanized 234 (34) 331 (48) 38 1.2 0.20
(all Coatings, including
Tuo Sidgs
One Sidéd
Fully Alloyed Zinc-Iron
Differentially Coatea)
Uncoated (Qold Rolled 234 (34) 331 (48) 38 1.2 0.20
(for comparison)
*ry (average @womal plastic anisotropy) = (ry + 2rgg + ri)/4
*%n  (avenage strain hardening exponent) = (ny + 2nqy + ne)/4
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TABLE 2 - TYPICAL SUBSTRATE MECHANICAL PROPERTIES OF DG STEELS .
Ultimate Percent
Yield Tensile Total
Strength Strength ETongation
Type of Steel MPa (ksi) MPa (ksi) | 51 mm (2 in) m n
Hot-Dipped Galvanized 255 (37) | 345 (50) 37 1.1 | 0.20
(all coatfings inciuded) : i
Electrogavanized 207 (30) | 324 (47) 39 1.2 |o0.21
(a1l coatfings included)
Uncoated fold Rolled 207 (30) 324 (47) - 39 1.2 0.21
(for compprison) : '
TABLE 3.' TYPICAL SUBSTRATE MECHANICAL PROPERTIES OF DQSK (Low CarHon) STEELS
' Ultimate Percent
Yield Tensile Total
: Strength Strength .| Elongation _
Type of Steel Pa (ksi) }Par(ksi) 1 51 mm (2 in) m n
Hot-Dippefd Galvanized
(all coatfings included) 7
Conventfional In<Dine 228 (33) | 338 (49) 39 1.2 | 0.20
Anneal Plus Post Heat ' -
Treat ' ‘ 7
Pre-Box| Apneal Plus 207 (30) 317 (46) 41 1.6 | 0.21
Post Heat Treat
Electrogalvanized 167 (27) | 303 (44) 43 1.6 | 0.22
(all coatings included) : o
Uncoated Cold Rolled 167 (27) | 303 (44) 43 1.6 | 0.22
(for comparison) o . :
Zincrometal 193 (28) | 310 (45) 41 1.6 | 0.21
(for comparison) R

waa Distributed under license from the IHS Arcm’ve -
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TABLE 4 - TYPICAL SUESTRATE MECHANICAL PROPERTIES OF
DQSK (Extra Low Carbon) STEELS
Ultimate Percent
Yield Tensile Total
Strength Strength Elongation
Type of Steel HPa (ksi) MPa (ksi) 51 mm (2 in) m n
Hot-Dipped Galvanized
(all coatj:gs included)
Extra‘L Carbon -
StabiliZed (Interstital
Free)
In-Linfe Annealed 193 (28) 331 (48) 42 1.6 0.21
Pre-Box Annealed 172 (25) 331 (48) 46 2.0 0.24
Extra Lgw Carbon -
Nonstabillized
In-Line Annealed
plus Plost Anneal 167 (27) 297 (43) 44 1.3 0.24
Pre~Bax Annealed
plus Post Anneal 179 (26) 290 (42) 44 1.6 0.24
Electrogalvanized
(a1l coatilngs included)
Interstiltial Free 172 (25) 331 (48) 44 2.0 0.23
Uncoated (old Rolled
(for comparisen)
Interstitial Free 165 (24) 331 (48) a7 2.0 0.24
Zincrometal
(for comparison)
Interstitial Free 179 (26) 335 (49) 45 2.0 0.23
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