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A KEY WORIY in describing the production of successful
stampings is jormability. The term, which denotes the abil-
ity of meral to e deformed into desired shapes, is a com-
munication iink metween the user and supplicr of sheet metal.
The fabricator artempts ta specify desired levels of forma-
bility ror ¢ach appiication and then makes quality controt
checks on inc&mng material. The producer wamts to tailor
his preduction ;_1ra'e:t'ices to impart the specified level of
formakiiity into his prodﬁcts. Both agree that sheet metal
should possgss maximum formability.
’ Formabiifiy, however, is an ¢lusive quality 1o measure.
whiic owr Undersianding .and techniques are by no means
complete, recent advances have greatly reduced the prob-
fem. One of the current attempts 0 measure formability
is “he grid analysis system in which grids.composed of very
small diameter circles (0.25-0.05 in.) are used. This sys-
tem was first proposed in May 1965, (19* Ar that time very
dmited press shop expericnce with the rechnique had been
obtained: the hulk of the resuits had been derived from lab-
oratory c:-:_ncr%ments. Now, after more than:two ycars of
oroduction triais, a reexamination of the technique is in
order. Qur yoals, theretore, are to:

1. Briciiv revies the evolution and mechanics of the

rechnique.

. *Nuribhers an parentheses designate Refesentes at end of
paper.

) Iﬁ_ vircusar grid system, in which a pariern ot 0.05-
(.03 in. diamcrer circles clectrochemicatly marked onsheet
specimens s used, permits a visual dlsplay (}f the magni-
tude and direcsinn of the strain from point-to-poiut ot a
staraping. strain values obtainvd from the grid are plotted
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2. Critically assess the present state-of-the-art.

3. Suggest areas of application.
A paper by G. M. Goodwin () examines specific case his-
tories of applying the circular grid' system.

EVOLUTION OF THE PROCESS .

Traditional evaluations of formability arc based on ho'h
fundamenial and simulative tests. Within the first category |
are direct measurements of mechanical properiies derived ’
from a standard tensile test, such as vield stress, tensile
strength, yield point elongation, and total ¢longation, and i
measurements of hardness. (3-8) Property levels required ’
for successful stampings are determined either from an ac-
cumulation of many past trial and crror attempts on similar
stampings, or from long statisticat correlations with press
performance data. '

Intortunately, the relationship berween test resulis and
press performancg data is often unclear; specifications so
established are only partially valuable for selected stamaings.
Recent work by members of the [nternational Deep Drawing

" Research Group (4, 5. 9-13) has contributed to a better -

“Werstanding of this problem
ments have evolved as being direetly related to press per-

Three new property measure-

tormance: the coefticient bt work hardening n (if hardening
is parabolic), the coctticient of anisotropy r, and the circle

arc elongation ¢

These three measurements are Jdiscussad
ca .

relative to an empirical faiture curve  indicate pruxirxlir);
of a stamping to failure. Analysis of the suain distribution
atlows one 1o reduce the die tryout period, assist in ostab-
lishing tiaterial specitications, evaluate dic moeditications,
and monitar Jie variables throughout production cuns -
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in Jdetaii by £ 10 Hever and J. R Newby. (1) Mcasure-

Menis ol n, rand ¢ are rouwtinely used in research and de-
va ‘ ’

velopment laboratorics, but are not seen exrensively in pro-
duction shops o date.

Inan attempt o doplicate more closely actual forming
operations, a serivs of simularive tests have evolved withir
the torming industry. (4, 3, 17) Examples of these rests in-
ciude the Erichsen, Olsen, Fukui, Swift and hydraulic bulge
tesis. Problems are also vncountered with these tests. Size
vifects, fubrication, tesr equipment standardization, and
othier test procedures often influence the results obtained as
much as the material quality itself. g

Even if tesiing problems could be eliminated, a basic
ohstacie is present in the philosophy ol coprelating press
serformance data with fundamenial and iimularivc test
resuits. This can best be explained with the assistance of
Fig. 1. A stamping operation is c‘omposcd of various com-
hinarions of strerch and draw, to which bending, buckling,
and other complications are added: One could imagine a
particuiar stamping to havi a specific combination within
the broad spectrmn, as indicated by the arrow. Each of the
fundari.niai and simulative fests can also be posirioned
awong this spectrum, depending upon its relationship to com=
hinations of stretch and draw. It is casy to understand why,
in a pariicular instance, a formability rest will correlate

with the press performance data of one stamping and yet
have ne correlation with other stampings.

An excuilent correlation between press performance and
maierial property data canbe ohtained if therelative amounts

.07 stretch and draw in cach are matched. These amounts

are not generally known except for some extreme cases,
such as dewp drawn cups and hydraulically bulged domus.
Additionaliv, rhe exact position within the spectrum varics
with matcerial propertics, surface roughness, lubrication,

niank size, dic and punch radii, temperature, press speed,

and a niuititude of known and unknown variables. To further

compiicate the probicem, cach location in a complex stanip-

Gt ey experienees different amounts of sircteh and

MODE| PURE PURE
STRETCH COMBINATION DRAW
SIMULATIVE |[DLSEN FUKUL SWIFT FLAT
TEST ERICHSEN SWIFT ROUND 80T TOM
BULGE BOTTOM SACH'S DRAW
FUNDAMENTAL | n nxr r ,
TEST '

bl b oschiematic ol vompler stamping tormed by combina-
Lok ! stretc b and draw . voroabiiny test st be matched
Lt perticalar stamping 1 order W correlate with press

collutiialce Jdils

draw, but the relarive amounts changre with dopth as the
stamping is formed,

The correlation techniques just mentioned are soraerinies
successtul it data are collected and analyzoed over onyg press
runs,  This, untortunately, is not very usctui during dic wry-
aur periods or iniriai rups, The solurion ro thye srotici must
be a rechnigue which will quickiy and accurareiy measur
the ability of a single blank with given r!la‘r}-rial';ir..\;‘zcr’ri‘ks
to be formied inte a specific sramping under the influcnee
of the existing status of press and wol variahjes.

The first attermnpt 1o develop such a rechnigue was

R

1 in. scribed square tesi. (5, 18) This rapid method for do-
wrmining material specifications from a minimum nusiber
of pieces involves seribing a blank with 1 in. squares, form-
ing the blank, and using the maximum dcl'ortcraﬂk)n in anv
1 sq in. 10 establish siee] requirements. For many auroino-
tive stampings, however, a grid spacing of 1 in. is oo Large
to measure strain distributions and peak strains agcurately.
(1, 2, 5) Furthermore, the squares are setdom orienred o
indicate directly rhe principal or maximum siraln. The
scribe mark can atso inrroduce stress concentrations as evi-
depced- by breakage along scribe lines
The 1 in. seribed sgnare, however, did provide a sted-
~ping stone from which the analysis of smali diameter circies
evolved.

MECHANICS OF THE SYSTEM .

The foundation of the circular grid analysis system is
imprinting the blank with a grid cﬁ:nposudotsmalldia:::urur
cirches. (1}."_'. 3, 19) The diameters of the cireles currently
used vary from 0.25-0.05in., depending upon the strain
gradicnt. For flat arcas of lar'gé roof, hood, Jdooc-and guarter
in. Ji-

pancls with refasively.constant strain icvets, 0.0
amcters are satistacrory.  For areas bent over shaeper cadii
or punch heads, 0.10 in. diameters are more appifeabic,
Some very sharp character tines apd radii reguire <005 in.
diamcter circles for accurate evaluation ot the ocak srrain.
For yencerat applications, however, the v. 1o in. Jiamerer
cireles are used. )
Circtes have no preterential oricntation -The direction
ot the principal or maximuwm strain is clearly Jisplayed in
the cllipsg that results from detormation ot the circie; s

magnive s calvulared direetly from measureents af the

NELOT dand inor axes of the ¢lipse. These ayes are meass
wred in nwierous ways. Lor codrse measuretnents, a fiekit e
raic or specially desipeed tape is used with o wirhout g -
nitication.  Dividers and a rule ace also comon. For more
avocurate measurernients, a Lispower magniticr it a’cali-
brated reticte is commerciaily

cavailabie. e
The chaice of vircte patton g manes of individuas
pretefence. bour comimon patteris are tlustrated ur ey, En
Pattern A, composed of separate and distiiet cireles, atds
the visualization ot principal strain direetion and mnagni-
tude as i varies trom point to sojnr. However, there are
spaces between cireles which are not cncompassed by the

partern. Butting crreies inopattera B otend o have wide lnes
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SEEET METAL FORNMING WITH CIRCULAR GRID SYSTEN

ar junction peints making n'l':'asuremcms more difficult; open
spach also occurs in this paticrn. The overlapping circles

of pattern € are popular because all of a given area is in-
cluded in-at least one circle: however, sonie areas are dupli-
cated in measurements which could influence strain Jdistri-
butions™- additionally, visualization of individual circles

is difficult.  The double overlapping in pattern D provides
cross marks whicli act as locators for the centers of the
circles and avoids wide lines at junction points.

conduct etectriciry. This “electrical stencil” is placed on
the blank to be gridded (Fig. 3). Then a felr pad soaked in
electrolyte, an electrode, and a weight are then placed on
in that scgquence. For large 9 by W in. grid areas a person
standing on a platformy placed on the electrode provides the
weight. A 14V a-c¢ current is passed through the system

for approximately 3 see. The amperage required is a func-
tion of total conducting arca and may reach 200 amp or

Ry

more. An alternative technique reguiring tess amperage

In the past scrihing methods have restricied arids josquares butmore rime atilizesa felt pad svaked inclecrolvee (placed
t s k 3 f

which can easily be ruled from paratiel tines. Circle pat-
terus generally cannot be seribed. Can vou imagine giving
a shop man the following assignment: scribe a pattern of
S000 - 0.10 in. diamcter circles, aceurate to 175, on cach
of six hlanks and have them ready for the press line in 15
minutes? such a requirement demands some tvpe of im-
printing system.  First attempts consisted of using a rubber
stamip and marking ink. (J0) Reselution and accuracy of
grids prepared in this manner are fimirted and the ink mark-
ings are casily crased.

A photographic process has also been used. (D0, 01) A
photosensitive emulsion is placed on the mictal sheet, cox-
posed te an illuminated negative, and developed. Very

" fine and accurate grid svstems, such as 100 linds to the inch,
Have boeen created in this manner, However, the grid is
casily removed when rubbing over a die radius, and the tinwe
o produce one grid can be greater than 30 minutes. In
addition, the techniquue is generally appticd only to small
parts evaluated in the laboratory. Similar comments are
applicahle o silk screen processes for applving grids. ' )

The system currently being used for producing small di- .
ameter circular grids, or any other partern desireds is clcc-\
trochemicai marking. (1, 20, 22y In this process, first used
to produce grids by R. H. Heyer, a nonconducting sheet is
treated so that the lines forming the desired pattern will
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‘Fig. 2 - Four patterns of"commonly used circle grids: A,
separated; B, butted; C, overlap, D, double overlap
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on the steneil) over which is pressed a rocker type vlectrode
(fig. 3). .

With either clectrode, the grid patrern is erched into
the blank and a black deposit replated into the grid lines.
The depth of etehing is proportional to thic ime of applica-
tion.  The grid remains \'isi_blu after ahrasion, vet does not
iniroduce stress codeentrations (preferential fajlure sites)

- 14
VOLT
WEIGHT A.C. PRESSURE
ELECTRODE
————— FELT PAD
STENCIL
BLANK
A B L

Fig. 3.- Schematic of clectrochemical marking system: A,
flat “lectrode requiring high amperage (200 amp or more);
B, racker electrode for low amperage

Fig. 4 - Flat blank, imprinted with two 9 x 9 in. parterns

of 0.2 in. diameter circles, then formed. Direction and mag-
nitude of principal (maximum) strain is visually displayed
from point to point ™
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created by scribed lines. Since the equipment is po‘r[ahlc,
a grid may be applicd rapidly at the press line on any pro-
duction size hlanks. The electrical sienceil, power source,
and chemicals are commercially availablic from several
companies in the marking businuss.
An illustration of the grid system on an antomotive part
is shown in Fig. 4. - The grid was applicd twice 1o the flar
" blank to cover an arca larger than 9 by 9 in. Subsequently
the blank was lubricated and formed into the final stamping.
The grid remains visible even after severe forming opera-
tions.
PRESENT STATE-OF- THE-ART ~7
The circular grid systen is being used today by an in-
creasing number of companies in the automotive and ap-
There
are presently two major arcas of utilization: visual display,

pliance industry 1o analyze deformation patterns.

and cstimates of failure proximity,

VISUAL DISPLAY - A gridol smalidiameter circles visually
dispiays the strain state of the formed stamping.  Areas of
severe deformation are revealed with the direction and mag-
nitude of the principal (maximum) strains graphically dis-
played from point to point. The disteibution of strain also
indicates how lecalized the high sirain area may he. With
this systeny, strains at different stages in the forming process
can be measured by deforming hlanks to various degrees
of \:omplétio_n. These are then plotied as a function of stamip-
ing depth to develop a graphic picture of the strain history
ar cach location. QOunce critical areas are determined, modi=
[ications in marerial, diu"dcsign, lubrication, ctc., can be
madeé to lower the peak strain or redistribuie the strain pat-
tern.

This visual display of strain is extremely important and
is presently the largest use of these line circular grids. A
minimum of special training is required for interpretation.
This visual“display is often sufficivnt to suggest changes 1o
tool and die men. In the example shown in Fig. 5, the high
strain is concentrated in area A. Grids also help when two
sides of a supposedly symmetrical stamping do not strain
identically and one side fails. Observed variations in strain
distribution can often be traced to unequal die radii, mis-
gayging of the blank, variation of draw beads, and the like.
Correction of these variations will be reflected by changes
in the strain distribution patterns. Similar pattern changes
can also be observed when cﬁanges in material and lubri-
cation occur. .

ESTIMATES OF FAILURE PROXIMITY - When astamping
tears in the press, it is obvious that some change in material,
lubrication, or tooling is required to produce a successful
part. Frequently, however, a stamping will not fail during
die tryout because the diemaker often uses slow presses,
excellent materials,"hand lubrication, and properly set dies.
If a stamping has not yet failed but is extremely close to
failure, the stamping is said to be critical. In production,
howcver, conditionsother thanoptimum may exist and break-
age of these critical stampings may occur. Reworking the

S. P. KEELER
dics during this period would cause costly downtime. It
would therefore be exmremely valuable to identify, during
die lryoAm, thosc stampings which are critical and make
neecssary modifications.

Such an identification is po_ssi!:lc by combining the infor-
‘' mation obtained from the small diameter circle grids with
a failure curve which has been empirically developed for

the more common ductile metals used 1n the automotive
industry.

when a sheet of metal is stretched over a punch, the
strain increases. 1t the stretching linit of the material is
reached, the stamping tears. First, however, a trough of

very localized deformation or local shear becomes evidemt

on the surface® if punch load measurements are being re-
corded, an arrest in the load reeord would be detected. Frac~-
ture is more realistically defined in this pape? by these events
than by the usual voncept of physical separation or tearing

of the material. Strains have been measured at the onset
of this fracture both in laberatory specimens of annealed
tough-piteh copper, 11uvaluminum, 7u, 3ubrass and alumi-
num-killed steel (11) and on production automotive stec
stampings. (1, 19) These results are plotted in Fig. 6.

The v axis of the graph is the largest percentage strain
found on the surface of the stamping. With a circular grid
system, this woultd be the major axis of the resuliing ellipse.
The x axis is the surfacce strain perpendicular to the largest
strain, or the minor axf of the same ellipse. The band drawn
through these points separates failure and nonfailure condi-

tions and is labeled the critical strain level, By measuring
the sirains on any given stamping and relating them to Fig. u,
the proximity to failure may be determined for cach region
6f e stamping. :

e

by
;;

Fig. 5 - Hook portion of a bumper jack (A) showing local-
ized area of'high strain parallel to free edge. The 0.1 in.
pattern was electrochemically marked on blank prior to
two-stage formuing ope.ration

="
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SHERT NMETAL lf}\)R.\ll.\'Q WITH CIRCULAR GRID SYSTEN
A new cunci} 1as therefore heen csmhlish‘:d One can
q y steel A will streteh more than

no iomger argie the steel B,
or Ihatt‘:}as:' will stretdh more than steel. The maximum
strains, micasured in a small Length, are identical for cqual
perpendicular strains. Insn.ad ong must evaluate how well,
cach material djslrihuru the stralz in the presence of astress.
gradient._Naje that the emphasis has changed from which

material witl Y{reteh more 10 which material will hetter

distribute the gtrain. Modification of marerial propertics

iz now just oile of imany methods which are available to re-

distribute the

a deeper stagging before failure or prevent failurg at a ‘
4

}
given depth of formation.  Changing matcrial properties,
however, may not he the best wlunon Slightmodifications
of iubricarion or, tool and’div L,mmnm are often more effec=
tive in dlSIl’lthll.}, the strain more uniformly than large
changes,in material propertics. Goodwin () and Hcycr‘(iﬁ)
also discuss this point)

An inreresting musc of the curve is that the eritical
strain fevel slopes ulp./ard. Ifrom\u‘iis it would scem that
one ‘could restrict etal flow ® perpendicular to the masi-
mum strain direction o increase maximum allowable strain
before tracture. It also means that the location of maxi-
mum sirain rhay not be the traciure site. As an illustration,
the cegiral portion of an automotive bumper had a rounded
dome-like nose which had biaxial tensile sirains of 5470
by 3075 This strain level (shown as A in Fig.
critical but had not caused failure because of the high per-

v) was near
pundicular strain. At a location somewhar removed from

the central portion was a sharp character iine with a strain
of 4 across the sharp ridge and no s
(peint B in Fig. v). Critical conditions were satisfied here

strain-along the ridge

’k&-‘rc metal flow means metal flowing in from the flange
arca. Restricting metal flow will increase the sirain over

the punch.

270 L L
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I «
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90 I ] i 1 ] ] 1 0
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SURFACE STRAIN PERPENDICULAR TO
LARGEST SURFACE STRAIN,%c

Fig. 6 - Summary of fracture strain measurements. Data
values indicated as dots were obtained from laboratory bi-
axial stretching experiments for various annealed materials,
punch geometries, and lubrications, while values indicated
by X were derived froml measurements of production auto-
motive steel s[ampmgs

rain more uniformly and 2herefore permi \

_defined tor only strains which are tension-tension,

for a lower peak sirain and the bumper failed ar that fo-
cation.

LINMITATIONS - The circulargrid system willnot presently
solve all forming problems, nor is it prohable it will do so
in the future. The technique, even after two years, is just
in its infancy and is in use hy onlv a limited number of
companics. More extersive trials are required. Some of
the successes and failures achicved by various comipanics

using this technique have not.yet been reported.

_,,i The eritical straig level has been investigated for only

a few eommon ul.LIlk\ metals. One wonders how broad is
the base of applicalion\, and are there similar curves atlower
levels tor less ductile merals ? Occasional exceptions to

the curve have been noted.
normal cieanliness do ot affpet the curve, very large inclu-
sions or wther iinpcrfecljons can lower the failure strain.

The criticalstrain level was obtained for anncated and lightly
skin-passed materials: cold work of the metal is known to

Even though wide ranges of
2

lowver the curve. Presently the eritical strain level is well
although
Goodwin (2) describes preliminary work for the tension --
compression combination of strains.  The strain must also
not be reversed, such as a tension strain fﬁﬁposcd ona ma-
teriat previously corgpressed.

Even with these linpitations, the grid analysis system is

a valuabic aid for ¢waduating sheet metal formability.

-

ENAMPLE OF GRID ANALYSIS

Occasionally a problem is found, such as an automotive
instrument panel mountiny plate, which is ideally suited
for yrid analysis, Certain lots ol electro-galvanized steel
ciieounter severe breakage for this parr. A gridded stamp-
ing is shown in Fig. 7; the area of interest is shown within
the dashed lines. The breakage location is indicated by the
solid hlack line. An initial conclusion might be that the

Fig. 7 - Section of instrument panel mountmg plate showing
failure location indicated by solid black line; dashed line
area is shown enlarged in Fig. 8

\
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metal is restricted in the blank and that the maxinum strain
direction is perpendicular to the failure.

An examination of the grids within the critical arca in-
dicates yuité an opposite condition (Fig. §). The maximum
strain direction is diagonal across the flat and at 15 deg to
the failure. This is characteristic of tge failure found in
a tensign specimen.
along the major axis and -28% along the minor axis. The

Maxiriun strain values are s 2000

ratios of the two straihs are identical 1o those found in a
tension test. This stamping is, in fact, pulling a tensile

test along axig A - €. Because the strain values are tension-
compression, Fig. G is not aﬁ“ sahle. However, the strain
is critical bascd on the tension-conipression curve of Good-
win. (2) - '

In order to evaluate whether div or blank changes can
reduce preakage, it is ndeessary o understand the metal
flow. pPartial stages of formation are not available to gen-
wate the strain history,  The metal flow, however, can he
simulated by lorcing a sheetot polyethylene over the stamp-
ing. This sheet of polycthylene represents the original tflat
sheet of steel, -A serjes of ink circles are stamped on the

~ . . . . -
polyethylence sheet to help visualize the delformation, Two

picces of thick carboard are cut to the horizontal pro-
lile ol the sidewall; these duplicate the die radius and
holddown plate. The polyethylene is sandwiched between
the two "cardboard dics™ and the composite is p'nllcd down
the sidewall: the polyethylene is allowed 1o slip between
the cardboard divs. At the hotrom position, the polvethylene
has stretched (elongated cireles) atong the diagenal A - C
and compressed into wrinkles along B - D, The polycethylene
model duplicates to some degree the deformation required
ol the steel.

The deformation pattern of the polvethylene can be ana-
lyzed and simplified. Fig. 9 illusirates the results. A sec-
tion of the blank A" B P Q' is merely folded down to form

. the wall A B P Q; strain within this area is approximately

Fig. 8 - Maximum strain direction A - C in critical area
is 45 deg to the failure, indicated by solid black line. Origi-
rQl grid pattern was 0.1 in, diameter circles

-¥
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zero. There is, of course, a bending and unbending of the
steel in this scction as it passes from the blank over the

dfe and then flattens out into the wall. . However, the initial
and final states mayv he visualized By the flap heing folded
down. A similar process takes place to form wall C I M L.
To maintain geomerrical continuity of the blank, the mid-
dle section A" B ¢ D' must therefore deform to fill space

A B C D of the final part.

Further visualization will show that line A" - € will elon-
gate to beconte diagonal A - ¢, the axis of maximum ¢lon-
gation. From yeomctry, a strain of (> is calculated for
iine A - C. This agrees exceptionatly well with an average
strain of 637 measwred between A and € on the stamping.
The other diagonal B - D has a calculated strain of =225
and a muasured strain of =267, Because the strains are gon-
crated only fronm material being lorced to conform to the
gcomurric shape, changus in Jdic radii, blank size, lubrica-
tion, cte., would not radically affect the press perlormance.
Changes in part dimensions, howcvur,'would have a very
great clfect.

Apart from any geonietric considerations, there remains
the problem of various lors of material generating radically
different breakage statistics. From the previous analysis,
it can be determined that the stamping is actually tensile
testing the steel along axis A - €. Therefore, press per-
formance data on the various lots of steel should be in direct’
correlation to the stretching ability of the stecl, as evi-
Jdenced by a steep stress-strain curve, a high tensile~to-
vicld stress ratio (1T8/Y8S), and a high uniform clongation.
Such a mateiial would tend to distribute the strain more
uniformly in the presence of a siress gradient. The mechani-

Fig. @ - Schematic depicting deformation mode in instru-
ment panel mounting plate. Two shaded flaps bend down,
forcing material A' BC D' to conform to area ABC D ~
in final part. Average strains along A - C and B - D can be
calculated from this mode! ‘
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/ recorded. Some master mechanics carly portable electro-

SHEET METAL FORMING WITH CIRCULAR GRID SYSTEM

cal property resulis in Table 1 cogfirm the relationship. In
this particule. case, the mechanical properties required for

a successtul swaruping are now determined.
SUGGESTED APPLICATIONS

REDUCTION OF DIE TRYOUT - The most opportune time
to employ the grid analysis technique is during die tryout, A
simple, single blank test will identify critical stampings.
Efforts can then be directed toward reducing the peak sirain
by redistributing the strain more uniformly throughout the
stamping.

Many modifications can be made to the die and blank
gedmetry. By numecrically comparing strain distributions
measured from finely gridded hlanks formed before and after
the modifications, much guesswork and opinion would be
removed. Sometimes modifications uninteﬁrionally increase
the peak strain instead of reducing it. This result and other
effects of changes may nor be observable withour grid meas-
urements.

.. - Progress made during die tryout can be quantitatively

chemical marking units when visiting varlous die shops in
order to evaluate the currenr conditions of the dies.

Finally, numbers are available to substantiate reques
If the best material available thows
a.critical level of strain, then lubricarion and/or die ch nges

for engineering changes.

are the onl\ available avenues remaining.

SPECIFICATION OF INITIAL MATERIALS - Analysis of the
circular grid is used today to specify properties (or acommercial
grade of steel) for stampings. First, a trial blank with a
grid on the surface is formed into a finished stamping: ten-
sile properties are also obtained from a second blank. The

maximum or peak strain in the formed stamping is meas-
@

ured. [f this peak strain is well betow the critival sirain

level shown in Fig. 4, the mechanical propertivs of the trial
blank are considered to be the property specifications ot the
material,
quality to be used.

These propertics, in turn, indicate the grade and
If the pcak strain in the stampings is
at the ceitjcal lcv_cl, a material with a higher tensile=tw-
yield strength ratio and uniform ¢longation is suggested, or

. die and press variables must be changed.

Emphasis must be placed on knowing the properties or
quality of the blanks used for the circular grid test. Small
changes in propuftics can create widely different press per-
formances; the same prop?ﬂy changes also affect the strain
distribution. One, therefore,
peak sirain and strain distribution with a given set of proper-

must identify the measured
ties. The test blank must be identical to the stecl intended
for the specific job. A blank with different properties will
have a different strain distriburion and will respond differ-
ently in the press. .

Similar tests can evaluate lubricants. Each lubricant is
used to form a gridded blank of a standard material. The
lubricant which shows maximum reduction of the peak strain
below the critical strain level isithe best--economic factors
being equal. : .

MONITOR PRODUCTION RUNS - Die conditions often
change during an extended productionrun, Optimumn die con-
ditions may then vanish, causing the peak strain to approach the
critical level. Periodicschecks would forewarn of the im-
pending danger. Altcr{ativcly, the peak strain may move
away from the-critical strain level to increase the safety
factor®. s

* The safety factor is rak
the critical strain level and t

to be the difference between
> actual stjain level in the
stamping. A safety factor of 0Xndicates a critical stamping.

Table 1 - Physical Properties of Samples Used in the

ﬁ Instrument Panel Mounting Plate
Per Cent
\/) Per Cent Yield, Tensile, TS/YS Elongation Rockwell (a) )
Breakage psi - psi Ratio in 2 in. B n r -
0 L 25,500 44,500 1.’75.., 44 44 0.23 1.80
T 26,500 44,500 1.67 43 44 0:23
50 L 26,500 42,000 1.59 42, 43 0.u2 1.92
T 24,500 45,000 1.58 r41 43 0.2
100 L 31,500 45,100 1.43 41 47 0.22 1.50
T 34,600 46,000 1.33° 40 48 0.90 :
T @) Calculated by the Neison - winlock meéthod. ’ ’
! + 2 +r .
(b) = Fy deg ‘45 deg 90 dep
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Sometimes sudden breakage occurs and it is not known
whether the materia] or die has changed By maintaining
a library of sta—ndard material, a "check btank " with g grid
could be rapldly formed and measured. If the strain disti-
bution remaired the same, then the tools most likely did
not change and the material would be suspected. If, on ' .
the other hand, the strain distribution had peaked to a higher
strain, then tool or press variables should be investigated,
This would be especially helpful information when resetring
tools back into a press after removal.

Experimental steels could be rapidly evaluated with only
a few hlanks by comparing the strain distributien obtained
from the experimental steel with that found in the produc-

tion stegl
V

SUMMARY

1. Current formability measurements derived from funda®
mental and simulative test data often do not correlate with
press performance results. “The formability value obtained
is usually influenced more by test procedure than by the
quality of the material ifself. Amounts of stretch and draw
in the starﬁping do not always match those. of the formability
test.

2. Strain distributions and maximum strain values are
measured from a grid-type pattern composed of small di-
ameter (0.25-0.05 in.) circles, which indicate directly the
principal (maximum) strain direction and magnitude. The
grids are imprinted on the blanks by a rapid and accurate
clectrochenrical marking system

3. The grid creates a visual display of the high strain
areas,. which can provide a clue for eliminating failures.

4. A failure analysis can be conducted which will indi-
cate the proximity of a stamping to failure. The empirical
failure criterion is the largest allowable (critical) strain in
tne surface of the sheet. The level of this critical strain

" increases with increasing surface strain perpendicular to the ’
largest strain. Failure is anticipated for strain conditions
above this critical level. g

5. The critical strain level is presently limited to an-
nealed and lightly .skin passed steel, copper, brass, and alumi-
nuni Subjected to tensile-tensile surface strains, Studies are
heing conducted on the effect of cold work and on tensile-
compressive strain states. .

G. A report of an instrument panel mouriting plate illus-
trates one example where analysis of the circul\ar grid pro-
vided a solution to the breakage problem.

7. Strain distribution analysis may be uS/e’cl to detect
critical stampings, reduce production breakage, monitor
-die modifications, and evaluate marterial specifications.
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