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ABSTRACT

The Snft sinl ative fornability "test was enpl oyed.
inthis research work for the assessnent of sone |ocd |y
produced vegetable ails vizz PAmoil, PAdnkernd oil,
@ttonseed ol ad Goundnut ol as |ubricants in deep
draw ng oper ati ons.

The assessnent of these local o ls was based on
Swft test paraneters; the linnting drawng ratio ad the
naxi nimadrawng load. The higher the linnting drawng rati o,
the better the lubricat. A so, the |oner the naxi numdraw ng
| oad, the better the | ubricant.

Two cdd rdled | owcarbon sted s nangl y Gl vani zed
Mld Sed ad Han Grbon Sed were deep dran. The
effect of naterial thickness variation onthe perfornance
of each of the lubricating ols was investigated inrelation
toaparticua tod geonetry. The tata geonetry enpl oyed
for each set of lubrication condition was varied using
punches of dfferent profile radius.

The Snft tast paraneters obta ned under each set
of lubrication condition of these local als were then
conpered wth those dotained using the wdely used high
grade industria luoricant EP. 140a0il, ad Paraffin ol
as a lover standard for conpari son.

The newy devel oped Kaftanogl u f»rnabi ity test
in deep drawng operation for the estination of the linting
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drawvngratiowas carried out for each of the | uorication
condi tion8 under aparticul ar tool geonetry* for
conparisonwth the Swft test results.

Al ysis of the Kaftanogl u deep drawng tests
cofirned the consistency of the Svft test results.

The Results ebtained fromthe Swft fornability
deep drawng test shoned that Gxttonseed ol and Pal moil
arethe host luricatingoils, giving better perfornance
than EP. HIOoil. Goundnut oil and P nkernel oil a so
gave favourabl e resul ts conpared wth E P. 140 oi | .

Based onthe results of the chemcal and ysis
by Aala(1981), theloca olswerefoudtoherdativey
stabl e and | ess susceptible to deterioration. They are easy
to decrease in an akal i ne nedi um and because fof their |ow
viscosities-, they are easier toapply. Theloca aols are
easy to degrease in an d ka i ne ned umas ind cated by
their saponificationvalues. Thelocal oils' patentia
to conpete wth the i nported deep drawng | ubri cants wi |
save the country sone forei gn exchange ear ni ngs.

Ohthe faegang, it is concluded that the use of
these local ols as | uoricants in deep drawng operation
Isjustified It istherefore reconmended that ;

(a) Part-blends wthmnera oils shou d be

encour aged, as ashort-termneasure, before

the country can be sdf-sufficient inthe
productionof these local oils.
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(b) Ghemca additives such as chlorine, sul phur

and phosphorus, totheseloca oils, coddhe
used to enhance the viscosity of these | oca
olsif they are to be used for the severest
Oeep drawng operati ons. However, Ggni sance
need be taken of the reaction of these
additives wth the netal surfaces concerned,
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CHAPTER 1
INTRODYCTION
1.1 General
Sheet metel forming process occupies a significant
position 1In the metal forming techniques. Like many‘other
modern manufacturing progesgses, sheet metel forming is
based on high aepital investment (in presses and dies) and
low unit cost through the large muiber of the sare artiOIe
pfoduced., It is a process whereby sheet metal is formed:
into 2 variety of shapes by deformation between a palr of
matched dies, The wide range of application of this
manufacturing process is due to its immense versatility
and the relative strength of its product 2s well as the
speed of ite operation, Thus It is hardly possible to
live in en industrialized society without being in constant
eontact with one sheet metal product or another from motor
vehicles to typewriters, refrigerators, television sets,
radios, cooking utensils, ¢ins and so forth, all of which

congist either entirely or partly of sheet metal products,

1t is well known that ghect metal forming
operztions are resolveable initc two prinoipal kinds of
deformationg deep dyswing and stretching, but it ie onlvy in
recent years thet attempts heve been made to define these
azpects clearly and quantitatively., In stretch-forming,
a part 1s made from a blank by drawing where the flange
of the blank iz constrained whereag in deep-drewing the

flenge of the blank is allowed to draw in, However, whichever

KASHING LERARIM LIBRARY



process la adepted will depend upon many feotorn, from

acononmics to the final service application,

1.2 Mechanicg _of Decp Trawing Operation

Deep drawing is a sheot metal forming operetion
whereby a flat blank is formed into a woup or shell-like
part by foreing A punch amainst the centre portisn of a
blank that reste on the die ring. The deep drawing
operation can be divided into three impartant regions as

shown in figure (1.1).

Radial Drowing Region

This is a region over the die where the sheet metal
is in centect with the die and blankholder, Hers the radial
stress is tensile while the circumferential stress is
compressive. During deformation, because of this
curcumferential cormrressive stress in the flange of the
blank, the materinl thickness inereases non-uniformly and
the material workhardens. This norn—unifermity in material
thickness in this region is 2 defeet known in sheet metal
forming as wrinkling which can bz supressed by a suitable
application of a “lankholder. In this region, the friction
betwoen the workpiece and die, and also between the work-
pisce and dblankhrldar is aienificant as it contributes to
the repid incre=se in drawing load during the early stages
of deep drawing operation. However, as drawing progresses,
the area of contact between the work and the die contimally

decreases while the frietional force also decre~ses.
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“Effective lubrication is. therefore necessary in this region

R ¢ reduce the load required for the deop drewitg operntion.

s R -’?Z"'.‘I" :

seytod by

ot 1N .
Vo -

1

Between the Punch and Die_"

B

In this region the material is subjec£;d t§ 8 biaxial
;téﬁéile'strésa as it undergoes benﬁing.an@-sliding over the
aie prdfilé radiuns. The die_proﬁi&e;naﬂiué is n oritical
“régidﬁéwhere friction exists, . If metal 'pick-up' should
occur,. 1t will often develop towards the end of the dle
profile radius where-lubricantlis squeeged out to the
greatest extent. Therefore;seléction of a suitable
Jubricant which is viscouw enough with good adherence

property should be sought to reduce the wear.

S£retchggg_0?er the Punch i TWT; .

- The ‘material in this region is first in‘;Sntact with
the punch, As drawing progresses, tﬁéwgateriﬁl is bent
and wrapped around the punch profile radiuvs, The material
iz then stretched and slides over the punch profile radius,

The total amount of stretehing depends on the punch travel

and alsc upon the punch profile radius. High friction is

" higly coneentrated in this region, and because of the

‘hature of the stresses develdoped, this area of the shell
“bottom becomes the ¥ inmest portion of the cup. This

thinning is oftén called the 'neck' which is usually the

“'firgt place to fracture in an unsatisfactory drawing

‘operation. The application of a suitable lubricant is

" '{mportant in this region as it helps to distribute the

stresses more evenly within the rcgion thereby increasing

the depth of draw at which fracture can occur.



1.3 Stress and Strain Distridution in Neep
Drowing Operation

In deep diawing operation, tho stete of astroasse wnd
mtraina in the wrarious parts cof the formed cup varies from
one point to 2nother duc to chonges in contour of the
forming tools as well 3 changes in the process varishles.
There are three maih zones of deformation namely the flange,
the die profile radius, 2nd the punch profile radius as

illustrated in figure (1.1).

Radial Drawing in the Flange

The flange of the material workpiece isg first in
contact with the die. During deformatioh, elemente in the
flange are subjected %o radial tensile stresses and attendant
cireunferential compressive stresses. The flange rim
thickness increases during rédial drawing vwhereas elementa
within the flange thicken to amounts somewhat less because
of the radial tensile stress. Becruse of this thickness
variaticn, Swift and Chung (1951) naturally assured that
the whole of the blenkholder fore~ is concentrated on an
infinitely narrnw bend of material arocund the rimand that
deformation of the flange takes place under & state of plana
atress, The state of stress is shown in figure ‘(1.2).

The equilibrium of forces acting along the radial direction
gives |

e G e,

r t

T +J’ri+1 (4/-2- (‘l Ydr +yri+1

s 141 = 1,1
ri

or ﬁ;

ri

2(!4ﬂ + M }ngr
%
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The stresses and strains in the material during the
drawing process oan b determincd by the application of &he

plasticity theories.

1t is therefore desirable to apply suitable lubricant
between tha workpiece/tool interface to minimize frictiong
thereby reducing the radial stress required to overcome the

hlank-holding pressurs.

Drawing at the Die Rading:

As the material of the flange is drawn into the die
throat, it undergoca vending and sliding uynder tension over
the die profile radius., The condition of drawing In this
region is quite different from that of flange drawing in
that the blankholding force is no longer significant, In
this region, high friction exists between the workpiece and
the die surface and even in the presence of a2 lubricant,
the lubricant has great tendency to sgueez out thereby
allowing for metal-to-motal contrct. b drawing stress~
must therefors be introduced to overcome the effeet of dle
rrofile friction. This is one ared where effective
1ubrication and optimization of tool surface finish can
be effective in reducing the total drawing lond. The state

of gtress is illustrated in figure (1.3).

gtretching Over the punch Profile Radius:

At the start of the punch movement, the material
ijn the central zone must necessarily conform to the punch
profile because of the action of the radial drawing stress;

consequently, 2 state of biaxial tension exists throughout



Figl2Radial drawing stresses



this zone., The metal in contact with the flat base of

the punch thins vniformly thle ‘he metal at the punch
radius bends under “he Influcuc» of this biaxial stress
system c2ausinz loecnl thinning, The degree of stretching,
and henze the subsequent “hinn’ug sver the nose, depends,
to 2 large extrnt upnon the conlitions nf fnietion between
punch #nd blenkz. From.a typicnl formed cup, it is known
that two zones of local thinning oan ocour, The. thinning
associnted with the punch profile »adius is normally refered
to as the primery 'neck' and the thinning ctused by the
bending under high tension, of relatively undcfiTmed
materinl over the die radius is rofereéd to es the secondary
‘neck'. Instability folloved br fracture can develop in
either of the locally thin zones if an attempt is made to
draw ~n nversalz~ birnk. The stte of etress In this.region

is illvaetrated in figure (1.L4).

Suitable application of & lubwieant with high viscosity
that would resir“ squeezing ou* o” *he workpiece/tool
interface is Anei=nhle 4o agaict ‘n distributing evenly the
gtressee I *he m~irr’al s=n ag tn prevent undue local
thinning that em:14 léad %o premature failure,

1.4 Meteriel selection for Deep Drawing
Operations

1.ha1 S2lection of Low Carbon Steel Sheets

fLeel sheets can be produced in a variety of types,
grades. qualities and mechanicn) properties depending on end

part requiremenis, At the pres:nt time, most steel for the
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production of sheots is mde by the Lasic oxygen, or <pan
hearth or wlectric furmace prooeas. The TYFE of steel
refere to the deoxidation practice used in making the Bteel,

guch as rimmed. cnpped or specicl killed Steels.

4

Rimmed steel ls formed when eteel is ﬁoured into an
ingot mould without addition nf de~oxidants. Rimmed steels
pogeess surfaces free of defects, and have softer edgea with

harder centress They are good for moderate drawing operations.

Capped steel is A modification of rimmed steel where
the rimming action is halted after a short time by the use
of & metal plug in the iIngot top. The rim is thinner and a
more uniform segregation characteristic 1s obtained than
rimmed steel. It has high hardness value and only suitable

for mild deformation.

Killed steel can be formed by =zddition of strong
de-oxidant to tie up dissolved oxysen in the steel ingot
mould,  The mogt commonly used de—oxidant is aluminiunm.
Apart from the use of de—oxidnn’ and other additives, killed
steel can also be produced by vacuum degassification process
In this case, the steel melt is contained in an air-tight
tank with ~n outlet connected to & vacuum pump., BEBEvacuation
of the space within the tank, as a resuvlt of operrtion of
the vacuum pumn, eruses gas inclusions te escape from the
steel, with an accompanying boiling action, . The killed
steel is the best choice for formability by virtue of its

guperior mechanical properties, .its.uniformity in terms

of composition as well as its non=nging characteristies.
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The GRADE of stesl refers to chemical compoeitisn of
the pteel, while the QUALITY ro¢fers to properties imparted

to the produrt by mamifacturing operaticone such as stiength

hardness, Cimensional accuracy ciz.

In deep drawingloperations, the principal factors
affecting the selection of grade and gqualjty of iow carbon
steels rre geverity of draw, thickness of sheet, shape of
the part, flange requirements, ironlng requirements, speed
of drawing operations, grainsize of workpiece, desired

gurface finish, availablility of material, and cost,

There are three principal classes of avallable low
carbon steels for deep drawing operations. They are
commercial qumlity, drawing quality, and aluminium killed
quality. All the three clhgses are available in the cold
rolled and hot rolled conditions, However, by size
elaggification according to recomuendations in ASTM ASS8
and AISI Product Manual, hat rolled sheets are obtainable
only within the size range of 7 .1405 to 12.7000mm whereas
cold rolled products ore of the size ranging from O, 3607

to 12,7000mm.

Commercial Qualitys

—

This is ordinarily produced from rimmed or capped
steel with a maximum cArben content »f 0,15 pereent,
The minirmum requirement being that the steel will bend
flat on itself in any direction. It is used for mild deep

drawing operations,
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Drawing Quality:

This is ordiparily produced from rimmed steel with a
carbon maximum of 0,06 percent, By the use of specially
produced or selected steels in combination with special
processing, drawing quality is furnished with dbetter and
more uniform drawing properties than commercirl qualjty.

It is used for more severe drawing pplications,

Special Killed Drawing Qualitys

This {8 produced from aluminium killed steel. Based
on its superior mechanical properties and good uniformity
in terms of composition, and its non-agimg characteristics,
it is therefore used to make parts involving the most
difficult draws or where a minimum of aging " or non=-aging

characteristics are required.

For hot rolled sheets, the mill oxide on the surface
is detrimental for deep drawing, becnuse it impajrs the
flow of metal and increases tool wear, Special surface
con be obtained for any of the three eualities by method
of pickling., In addition, the prickled surfaces of hot

rolled steels are oiled thereby increasing its final cast,

The primary consideration in selection between hnt
and cold rolled steel for deep drawing is availability of
the material sheet thickness. Steel sheets falling within
the range of 1.14,05mm and below zre only obtainable in the
cold rolled condition. The cold rolled grade provides the

advantage of greater uniformity of properties throughout
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shipment, a result of closer process cotrol of envweling
temperatures, cowpared with finishing temperature in hot
rolling. Another influential factor is that the cald ralled
gheet has A mare uniform thickness extending to the edges |
of the sheet. Roll wear on the hot mill sometimes maken
close thickness tolerance at the edges difficult to

majintain, Therefore, where thickness accuracy and superilor

surface finish is desired, cold rclled sheet is specified.

The choice between commercial'and drawing quality
in either the hot or cold rolled sheete depends on the
severity of draw., For mild deformation, the commercial
quality is generally specified whereas for severe draws,
the drawing guality is prefered because with a nominal extra

cost, the required drawability is guaranteed,

When drawability requires freedom from aging or if
the design specifies severe forming such as flanges, Ironing,
sharp correr radii, extra cup depth, or lack of symmetry,
specinl killed gquality is specified,

'1.h.2 Selection of Material for Deep Drawing
Dies

The selection of die materials is such that the
desired quality and gquantity of parts produced will be at
minimun tooling cost, Die performance is determined by the
smount of wear or g2lling during production time. This
rate of wear inerezses with increasing thickness of work
material, decreasing dle profile radiug, and increasing

quantity of parts produced.
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For mild deep drawing of steel sheets, best reajetance
to wear is obtained from chromium plated alumininm Brouzs
dies, for short-run production. For long-run productiong

sintered carbidey alr-hardening tool steels are used,

For severe drawing cperations, alloy cast iron, alloy

cast iron with air~hardening tool inserts are used, .

1.4e3 Selection of Materiols for Deep
Drawing Punches

The selection of punch material for deep drawing
depends on the size of punch and the drawing pressure
required to make the cup. Increase in sheet thickness
produces incresse in drawing pressure for o fiyed punch

diameter, .

hg the resulting punch pressure ircreases from low
to maximum valucs, the selection of punch material for
short-runs changes in the fcllowing order: Carburized
mild steel, alloy cast ircn, water-hardening tool steel, .,
oil-hardening tool steel, and carburized shock-resisting

steel, .

For leng-runs, the selection as pressure increases
is as follows: water-hardenin~ tool steel, oil-hardening

tool steel, and high carbon highochromium steel.

1.h.4 Selection of Materials for Deep
Drawing Blankholder

In deep drawing operations, the blankholder pressure

is applied to surpress wrinkling of the workpiece, Thick
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material will wrinkle less then thin stuwck. As a vosult,
the pressures requ4red to prevent woinkling ave o grewtﬁmi
and may even be less; than those regquired for tiinm work.
Wear resistance requirements for blankholder meterial 'is
therefore gencrally low. For short-runs, unhardened milad
cteels are used vhile for long~run production, air-hardening
tool steels are uscd.

1.8 Influence of Friction and Lubrication in
Deep Drawing Operztions

The margin between success and failure encountered in
deep Arawing operation is greatly influenced by the friciion

existing between the workplecec and the tool interface,

Friction is to some extonmt an undesirable element in
deep drawing operation, The higher the friction, the greater
the load required to produce a particular deformtion,

PBased on the fact that deformation process under high normal
pressures is alwv~ys accompaniced by lccal temperature
development resulting froem friction at the workpiece/tool
interface, locallized welding which gives rise to 'pick-up'
on the tool and the subsequent 'scoring' of the product
oceurs. This is largely responsible for to0l wear and the
debris ceused by the breakdown of the welds eontribtute o

ths abbrasive wear action.

¥riction, however, has some beneficial effects in deep
drawing operation. To prevent the onset of recking during
deformation, there should pe high friction on the punch and

low friction against the die, VWhile a reduction in die
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friction will improve drawnbility by reducing tve dywwing

load, the pressence of high rriction on the punch nose tonds to
improve drawnbility., The nlance bolvwooh thame lws apprsing

effects giveg the changes in drawabilities under different

frictional conditions.

A fundamental way by which fricticn is contrelled in
deep drawing operation is therefore, by applying and
maintaining a sufficilently thick film of suitable lubricant
at the workpiece/tool interface system so as to prevent
intermetallic contact between the sl1iding surfaces. This,
in ecasernce, will reduce wear and frictional forces between
the workpilece and the tocl, and also provide an overall
reduction in deformation load despite the adverse effect
of the low friction that will be maintained at the nose of

the punch.

In combating the adverge effert of friction in sheet
netal forming operation in genersl and deep Arawinge oneration
im particulary a mumber of lubricants have been developed
for use. However, selection of lulpicants depends on factors
guch as the material of the workplece, material thickness,
severity of forming, and tool geometry, Other factors ave
properties of the lubricating oile such as viscosity, ease
of removal, eazse 5f application, stability, odour and
toxicity, flash point, pour point, fire point, neutralization

mmmber,. demulsibility and ovidation resistance,

The Iran and Steel industries are fast growing and the

importance of sheet metal formi—nrc has mtivated the 7
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Federal Goverrment inte integratiag the flat sheect -
rollinz mill into her existing -rolling mills. It is worth
mentioning that all lubricantis presently nsed in the couutry

are immorterd.

A survey of the Nigerian miuket revealed that there
is = rumher of locally produced vegetable 1ils having
lubrie~ting potentials in forming operations in general
and sheet metal forming in p-orticular, Of particular
interest in this regard ~re vegotable oils such as Palm oil,
Palm kernel nil, Cottonse~d o0il, ~nd Groundnut oil. The
suitability of ez2ch of thesz oils 2s a deep drawing
lubricant is being investigated in the present research
effort, The verious loc=2l oils are ev=luated on the basis
of the simulative formability test known as the Swift test
(1954). The Swift tes® evnluation is besed on two test
parameterss the limiting "rawing ratio (LDR) and the
maximom Areving load. Tho nlne of using this Swift test
procedure is that it enrbles lubricant specification to
be stated precisely in respect of “he material workpiece,
#nd the materisl thicknesse in ~ealation to a particular

tool geometry.

In evelvating the merfowmnce of these locally
produce? vegetable oils, two enld rolled low carbon steels
n2mely Galvenized mild steel ond Flain earbon steel were
deep drrwn., The effect of raterisl thickness variation
on the behaviour of each of *he lubriennts was investigated

by employing different +hinkr-ss2s of the materials in
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relation to 2 particular tool geometry; A veriation in

tool geometry was m2fe possivle vsing vunches with diffexent
profile radii. Under each set of lubrica‘ion conditions, the
Swift test paramaters were evolunted thus allowing for
ev2luntion of earh of the loerl cils in respect nf the
material deep drnwn, the thiclmess of the material and also

the geometry of the punch usel in the deep Arawing opveration,

To set 2 standard for comparisony the performence »f
ench of the locally produced nils as lutricant in the deep
drawing operation was compared with 2 widely used high grade
industrizsl lubricent -« Extreme Pressure lubricant (E.P. 140
grade), =2nd Paraffin oil as a lower bound/standard were used

in accordance with Butler and Pope (1968).
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CHAPTER 2
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LITERATTRE PTVTwH

2.1 Drowability Tests

The rbility of a materinl o he deep drewn successfully
without fracture is known as drevbility, Drawability is
expressed as the ratio of th~ depth of cup formed to the punch
diameter, Failure in deep drawing is either by tension
resulting in splitting or by compression resulting in
buckling or wrinkling., The likelihood of failure in deep
drawing operation has been studicd by Low {1340) by tensile

testing or by simulative formability tests.

In tensile testing in generzl, the conventionally
shaped specimen is pulled to frilure in a2 tensile testing
machine, and the load versus extonsion graph plotted, From
the graph, the uniaxial tensile mechanicel properties such as
clastic modulus. yield strensgth, tensile strength, elongation,
strain,.ratio, 2n? atrain hardening >xponents are determined,
Attemnts have been roda by Low (1540) t@ predict Arawability
in respect of the limiting dr=wing ratic from the tensile test
rosults but such tests have failed to incorporate the various
process voriahles encounteres in practicnl deep drawirng
cperations 2and 28 such can only provide a sufficient basis
for the control and investizntior. ~7 the metallurgical

propertiea ~omcerned in drowohility,

The cup drawing formability test has been used as
gimilative test, en~bling the incorror-tion of process

variables such as speed, str2in rote friction, etec., to be

studied in a deep drawing operrtion.
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Kaftanoglu (197L) invented a method for estimating the
limiting drawing ratic in deep drawing using oversize blanka
with standard diameters. The new method attempts to fill the
gap between = highly theoretienl approach and the experimental
or trial and error type of determination of the limiting
drawing ratio, He plotted the bulge dep?h(h) at fracture-
egainst initial blank dismeters (D) of ovetsize blanks
thereby producing & smooth curve whose characteristics he
approximated by an exponential relationship of the following
type: |

D, = M exp (~Nh) + Dor f
where M, N and Der (limiting blank diemeter) are contant;.
Computation of the limiting drawing ratic {ratin »f the
limiting blank diameter to punch diameter) results from his
theory were found to compare very favowrably with the

experimental ones.

2,2 Mechanism of Lubrication

The primary objective of any lubricant, whether
liquid or solid, iz to separate the s1iding surfaces which
are represented by the tool an' the workplece. When
comparntively thick layer of a liguid lubricant separates
the surfaces, the lubrication is of the fluid type. This
is a perfect Jubrication system and it is seldom experienced

in deep drawing operations.

With high pressures and low gliding speesds it is

difficult to maintain fluid conditions and the lubricant



22

layer is reduced to a2 film of molecnlar dimensions. ‘lhe thin

film iz susceptible to breakdovn rosmlting in retal-to-motal

gcntzct betweon asperities of the twa sliding surfaces.,

With this condition previling the n2t2l surfaces can be
scparated br a lvbricent film of oly a few molecules thick
and lubrication is therefore of “hc boundary type. In deep
drawing operations, this type of lubrication regime is
dominant., However, there is evidcnce tc indicate that in
Aeed drnwinq; both types of lubrication regimes can occur,
This wa2s clearly illustrated in the work done by Coupland
(1957) on the effects of speed in dcep Arowings Irrespective
of the lubrication regime thrre is that tendency for complete

breakdown to occur zccording to Coupland (1978).

2.3 Lubricant Assegsment

2.3.1 Simlative Formability Tests
The assessrnt of lubricants for deep drarwing operation
has been based on similative Sormability tests which combine
the effects of material properties nnd process variables such
ag tool geometry and friction eor’itions. The Swift test
which is one of the well kno'm similative formability testse

is used to evaluate the criterion of performance of lubricants

in deep drawing coperations.

In the context of the Swift test, a circular specimen
is dr=wn throueh n circular die by a2 punch of 50mm diameter.
i series of blanks, increasing in Aiameter by 2mm increments
are drawn, until 2 specimen fails. The blank size prior to

that of ferilnre ia the limiting blank size 2nd the 1imiting
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drawing rati~ is given as follows:-

Limiting Arawing ratic - leitir blenk Alameter

iwrdiawmfcr

The results of the test have been found to be highly dependent
upon the lubrieation ~f the soerine», This test has been
found to be of use in determining the properties of lubricants
and in this case the maximum drowing losd or the limiting

drawing ratio are used as test parameters.

PER~: (1956) also investigated and classified a useful
range of lubricants using tcols that were of similar size to
those used by Swift although the punch radius was 6,.35mm,
The tests were carried out at practical speeds of 304, 203,
and 106mm per second, Both the limitfpg drawing ratio and
maximum drawing load criteri~ were used tut -PERA fourd only
a small degree of correlation between the results. This lack
of correclation vas suspected to be due to interaction
between frictional conditions 2t the flange and punch nose
recions, It was an2lysed that mxirum drawine lo~d results
are f=r mor2 nmergitive critorin %o be ardhered tn  However
a note of caution w=s introduccd. when the use of limiting
drawing r~tio is contemplatcd,. In addition, the punch
should be hot blasted to eliminate frictionzl changes over

the punch,

A test by Gibson (1974) brsed on the depth to which
an overeize blan: gcan be drawn te froeture has been developed
for hydrostatic lubrication in radial drawing. A heavy

blankholder lo2d w2s used to make the test more sensitive
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to flange lubrication., This test waa used for the

agsessment of conventional IuluZcanta, Siuce It can Lo shunm
that the depth at fractuve for a gilven oversize blank can be
related to the limiting A-rwin; ratio, therc may be some
justification for using this depin %o fracture as » rapid

sorting test for lubricants.

Wolftowics (1953) introduced a test based on the energy
consumed in drawing a 50mm wide sirip from between two opposed
dies pressed agninat each side of the strip with known
adjustable load, There was no plastic deformation of the
strip and it could not therefore be said to simlate pure
stretching or drawing. Several lubricants were investigated

using this method.

Gibson (197L) used a similar test but the performance
wns based on the force required to withdraw the strip from
between the dies. The results from this test on several
lubricants were compAred with Swift Test results and the
performance of the lubricants on A commercial type pressing.
A lack of esrrelation vae obscrrad beitween the two tests,
Lubricants arranced in ovder of “rarve2sing Swift Test
draving lo~d A4id not shar A enrresponding tremd of increasing
friction in the strip draw test. Comparison of the Swift
test results with those for 2 commercial pressing was found
to be reasonable, However the Swift test was analysed and
congidered to give good indiecation of performance for simple
press forming operation. For those involving higher pressures
and difficult drawing conditions, correlation of resulhds

was Aifficult.
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The major point emerging from variocus works desctibed
above is that no single test can be used to rate Inbricanta
in press working of sheet netel, However, the Swift test 1is
fourd to be reliable but attempts have to be mde to compare

results with performance on industrial pressings.

2.3.2 Chemical An~lysis

Several attempts have been made to update the knowledge
about lubrication in relation to sliding metal surfaces in
genernl, Such efforts were geared towards the analysis of
the chemical and physical properties of the lutricating eil

involved.

The loeal oils under the present investigation are
fatty oils which consist predominagtly of fatty acids in

glyceride molecules,

Fatty oils mre polar substences having very long
carbon chains with one or more chemically active/polar groups
at one end, Both the chemical and physical properties of
these oils are determined b, their fatty acid radicals which
may cont=in some saturated (unrenctive) and unsaturated
(reactive) acids., The unenturated fatty pcids are the polar
groups that adhere strorg)v to the work metal and tool
surfaces, causing the long chain to be oriented at
approxim~tely right angles to the metal surfaces. These
oriented £ilms of palar substances, which are several
molecules thick, minimize m~tal-to-metal contaet and

friction thereby reducing weaT.
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according to Evans (1948), ila rnlative emount of
these polar substances in teitly cils Las lvon fonud to be a
meagurc of degree of nusetureiod ity ralde In the oil,
Hence the ifodinz volue of an oil vhich is defined as that
weight of iodine that is aBso~b.” by 10C grams of oil, gives
a numerienl value indicating th: rmount of reactive or polar

radic2l in the oil,

Clarke (1961) also suggestcd the lubricating
mechznism indry scap films as having 2 boundary metal soap
layer with polar attachment to a covposite layer containing
hydrated crystalline structure -~ the pclar attachment being
a derivative from the unsaturated fatty acid content of the

fatty oil used for the seap mamufreturing

Lee (1975) highlighted the role of viscosity on the
performance of lubricants during dnep drawing over~tions,
Ho renorted that low vigecc=itr lubricants rerched a gheor
state more roodily “*han oile of high viscosity, and are
thercfore more ensily rupfure? un’»r high loods resulting
into met~l~to-met=2l contrct, HirhYy viscous lubricants do

not runture easily thrr-2by min‘mizine friction and wear.

Yewby (1976) reporte? the presence of some chemicals
such ~r Sulvhur, Phosphorus or Chlorine c2pable of improving
lubricity of many lubrienting oils, These elements react
chemically with met~1l surfre~a mwmider hert by forming
metallic soaps which help to resis* rmotsdl—to-metal confact
even when the oils is in 2 roduced state, In some cases
they help to maintain the adhe<ion properties on to metal

ard tool surfaces.
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Ljala (1981) earried om% the chemical analysis of
locally produced vogetable cils that are Leing luvowtiguted
in the present research efforts. Trom hig analysis the
chemicnl composition of the oils were evaluated (See Appendix
2(A)). The szponifiéation valuc, percentage free acid valye,
iodine value and percentage phoaphorus content of each of
the 1ncal bils were also evaluatel (See ippendix 2(B)). The
stability »f each of the olls wns determined by its percentage
free aclid value while the mapcnificetion velue indicates the
enge by which the 01l e¢~n be desmeased effectively in an
alkaline medjum, The iodine v2lue indicateg the amount of
reactive or polar radicals in each of the loc~l oils, and
is also a measure of the level of unsaturated fatty acid

cont2ired in them.

2.h Lubricant Selection

The final selection of 2ny lubricant involves the
determination of the test prrametors Lased on the simulative
formability tests as well as "etermire tion of several other
properties to establish whethor or not it will meet the
requirements. The following are some of these properties

of lubricating oils andl greascs as listed by McGannon (1971).

Viscosity:

This h=2s an important influence on the effectiveneas
an? suitability of a Inbrfe-n* for a2 smecific operation,
Genernally, lubricants of high viscosity are used f-r severe
deform=tion while lubricants of low viscosity are for mild

deform=tion.
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Method of Applicationt

Viscosity is a paramebter to be considered in thia
respect since it dictates the method by which the lubricant
will be applied whether by dip, spr~y, roller, drip feed or
brush., The time of appliéation 1"ill definitely affect the

final cost of the process,

Toxicity, Odour and Stability:

Scme luhricanta become rancil on s tonding, produding
foul odour and gummy depoaites after expcsure for some time,
However, deterioration is less troublesome in lubricants used
"in deep drawing operations becnuse the intervnl betWeeﬁ
application and subsequent removal of forming lubricant is

very short,

Base of Remov=l:

Stains and corrosion products may be left behind work
matal if the lubricant is not completely removed after the

deep drawing operation,

Pour Point:

Pour poaint is another proporty of nan oll that is
important if the oil is to be used to lulricnte machinery
that operates in unheated tulldings or outwof-doors Auring
¢old wemther, It is the lowest temperature 2% which a given
0il will pour or flow when 1t is chilled without disturbance

at a fixed rate.

QOxidation Resistance:s

The constituents of lubricating oils, which are a

complex mixture of hydrecarbons, will combine more or less



29

)

glowly with oxygen in the aiv especially if subjectad tn heatl,
The products of oxidation have no lubriseting velue In
themselves and even may affeoet scriocusly the porformmnoe of

the remaining unoxidized lubricant.

Flash Point:

Flash point is the femper&ture at which a flash
(momentaty ignition) occurs At any point on the surface of
an 0il when a flame is pasgsed over it, but the oil does not

continue to turn,

Fire Point:
The fire point is the temperature at which ignition
occurs at any point on the suwrface of an oil when a flame

is pesscd over it and the oil continues to burn.

Demulsibility:

When wnter enters & lubricating system and ig mixed
up with the 6il, an emulsion is formed that hag poor
lubricrting properties. If the nil is clean, it will
geparate from the emulisicn if the latter {3 allowed 2 rest
period. This characteristic is known as the demulsibility
of the oil. Demalaibility is guod Lf the oil separates
glowly., The presence of proiucts of oxidation may retard

or even prevent the operation proucss.

Neutralization Wumber:

High acidity makes oll detrimental to bearing
surfaces, and may be indicative of undemirable chemical

changes that are taking place in a lubricant., The
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neutralization numbet is the humper of milligrams of potassium
hydroxide necessary to neutralize the acid oontent of ove ghetw

of o0il under stendard test condlitions,

Cost and Final Selection:

The ecost of the lubricant considered with the
aforementicned parameters help in the final selection of the

1ubricant for the deep drawing.

Based on the aforementioned selection factors,

a good lubricant should obvinuely fulfil the £l nwing

functional requirementsi-

{a) Provide the desired frictiomnl resistance in
21l regions of the deep drawing by having the
correct shearing characteristice st the

prevailing temperature and pressure.

(p) Reduce metal-to~metal contact #y having
adequate adhesive properties should the
finite f1lm be reduced to bounfsry

conditions at the asperity plateaux.

{¢) Reduce tool wear by removing debris formed
as a vesvlt of particles, dirt, scele, etlec.
especially in the case of high production

rate forming eperation,

(a) Produce the desired surface finish and
metollurglonl characteristics on the deep

drawn component.



31
CHAPTER 3

EXPERIMENTAL PROCGLUR%

3,1 Equipnent

The main equioment used for this vwork is the L0OO KN
Universal Sheet Metal testing mnchin:, This machine isy
simply, 2 hydraulic press with electronic equipment to
measure load versus displacement in a deep drawing operation,
A cireular blenk (lubricated/unlubricated) vas positioned in
the machine end a primarvy clomping load sufficifent tn
supress wrinkling was applied, The material vas then
deformed Yy movement of the 50mm diameter punch at a press
speed of LOO mm/min. The load varsus punch displacement
curve was then plotted on the Hille graph paper by the X-Y

recorder,

3.2 Blank Preparation

From the sheet materials untor investipation (Two
Galvanized Mild Steel Evne+s vhmich are 0.82mm 2nd 1,55mm
thick and Plain Coarhan Steel which is C,61mm thick), square
blanks with sides of 10mm morz “bn the diameter of the
requifed circular blanks were cut nsing the shearing
machine, A manually cperated circular blanking machine
wag then used to cut the square blanks into circles., The
edges of these blanks were then ground to the finel size
te remecve the edge-wnrk hardening effects and to secure a
standard edge condition, Deburring of the edges of the

blands was carried out using 2 hand file,

Befere the blanks were lubricated, their surfaces

were thrrnuaghly cleaned with white ecotton wool sonked in
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methylated spirit, Thisg wne followed by dipping fuko
appropriate bath of the Iubricating ©il, snd subeoynent
removal from the bath to allow the excess cil to trickle
off, Handling w2s cereful en-us1 to prevent surface

staining of the test blanks.

3.3 The Swift Test lMethod

The Swift test wae used to evrluate the limiting
drawing ra2tin and maximum drawing loads for each of the
lubricating oils under test, nemely Palm oil, Palm kernel
0il, Cottonseed oil, Groundmut oil, E,P, 140 oil, and
Paraffin oil, In the test, 0.82mm and 1.55mm thick
grlvenized mild steel sheets, and 0,61mn thick plain
carbon steel were deep drawn. ©OSpecifie~lly, punches of
profile radii 3mm, 10mm, 15, 2nd 18mm were used under

various lubrication conditions.

h total of 22 circular blanks were prepared from
each of the materisl thickn~as for uge in the deep drawing

tests for the evaluation of the oils under investigation,

For the estimrtion of the limiting dArowing ratios
sterting circular bdlank size with initial drawable diameter
was selectedi, With other blanks increasing in diameter by
2mm increment, an average of seven blanks were drawn until
failure occured, Actually for the (.A1mm thick plain
carbon steel and 9,82mm thick galvanized mild steel blanks,,
an initirl blank size of 110mm diameter w2s selected while
for the 1,59mm thick galvanized mild steel, an initial

drawable blank of diameter 104mm wns employed,
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PLATES I-VI show the pictures of successtully dxrawn cups and
bottom rupture of the materials used while deep drawing with

3mn punch-profile radius,

The blanksize prior to failure was then used to
determine the limiting drawing ratio for each selected
punch of a given profile rndius using each of the lubricating
0ils as well as the dry condition, A total of 196 circular
blanks were therefore deep drawn in the determination of the
limiting drawing ratio for each of the thicknesses using two
punches of profile radius 3mm 2nd 15mm feor =211 the oils

under investigation including dry condition,

For the estimation of the maximum drawirng load, 28
circular blanks were tested for each material thickness.
Each lubriecating oil including dry condition was teated by
fully deep drawing the selected size that ensured a
successful draw, A4 blanksize of 110mm diameter was selected
for 0,82mm thick galvan%zed mild steel and 0.61mm thick
Plain carbon steel while 10Lmm diameter blank was selected
for 1.55mm thick gelvanized mild steel. From the plot of
drawing load versus punch disnlacement by the XY recorder,
the maximum drawing loads of these selected sizes were
eatimated, Each of the lubricating oils as well as the dry
coniition w2a testec usine punches of four profile radii

3.4 Kaftanoglu sost Method

The newly developed Kaftanoglu test method for the

KAS i
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PLITE I: Successfully drawn cup c¢f 0,82mm galvanized mild
steel using 3mm punch profile radius
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PLATE TIT:; Successfull o 1 1.55
e ‘i;#Lv dr wF cup of 1.55mm g-lvenized mild
- with a punch of 3mm profile redius

PLATE IV: Bottom rupture in deep in deep drawing 1.55mm
galvanized mild steel using 3mm runch—prﬁfilp
radius. " -



of 0.61mm plain carbon steel

PLATE V: Successfully drawn cup
with a punch of 3mm profile radius

n deep drawing ®.61mm plain
3mm punch-profile radius.

PLLTE VI: Bottom rupture i
ecarbon steel using
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determination of the limiting drawing ratio,lwﬁa suployed
using each of the ©ils under iuvestigmtion nanély Palm uilj
Palm kernel oil, Cottonseed oil, Growndmt oil, E.P. 1.0 oil,
Paraffin 0il as lubricants and under dry condition in the
deep drawing of 1.55mm thick galvanlzed mild steel using a

punch of 15mm profile radius,

The idea was to test the validity of thils new approach
by comparing resuijts obtained by this method with those af
swift test for evaluating limiting drawing ratio, under the

same set of deep drawing conditiong.

A total of 21 oversirme oircular blanks were prepared

for the deep drawing operation.

For each of the lubricating oils inclvding dry
condition, 3 oversize blank diameters of 146, 136 and 126mm
were used, An averalze Llank under a given lubrication
condition was deep drawn =t 2 press gpeed of LOO mm/min and .
when a2 hairline crack occured on the bottom of the cup along
the radius of the punch, the machine was stopped immediately,
The crack cccured in this region because of the blaxial |
tensile stresses developed coupled with the higl concentration
of friction around the punech profile radius, Fig. 1.l shows

the formed cup indicating the tulge deptha

The bulge depth at fraciture was recorded against the
glze of the blank, The experiment was repested for ather
oversise blanks under the same lubrication condition, When

the three tests were carrizd ocut, the blank diameter and
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bulge depth data obtained were used in etnations (9-~8) |
Zﬁée Appendix 3(&);7. A computer programme based on iape
formulae / See Appendixz 3¢B) ;/ woe used to estimate the

limiting blank diameter and hence the limiting drawing ratio,

Affer the computation of the limiting blenk dismeter
(Der), diameter of blanks one insrement (0.025 of LDR)

oversize and one increment undersize were computed,

+

U?““‘BisnL Viscosity Test

The viscosity of a lubricating oil is defined as the
ability of the oil to rvesist flow or shear, Thils property
of & lubricent is {mportant in gheet metal forming operations
as 1t plays a significant role 1n these operationa. In deep
drawing operations in particulnr, relatively high loads and
pregaures are involved. Any lubricant selected for such
operations is not to shear too easily, thereby allowing
for rupture or failure leading to congiderable metal-to-metal
contact. Accordingly, one is dependent on high viscosity

lubricant.

Also, viscoslty must be considered in relatian to
the method of lubricent anplication nnto the worltpiece as
well as the effects on handling of the blanks and the formed

par'tS.

As a leaid down procedure »y-the Institute of Petroleum,
according to Evans (1948), the viscosity of the oils under
inveatigation were determined at room temperature of 2700 and

at 60°C using the Redwood viscometer.

.
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The numerica) value for roprracnting the vieconitly of

the oils usings Redwood'q Yigoo pnta

“epresents the mymber
of seconds required for 1 rdllilitres of the 01l %o offlux
through a standard arifies

“nder n gtandapa falling height
2% a particular temparaturn anq tho unit 1g exrressed in

Redwood scconds,
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The results of th2 Swift test ju relation to the
limiting drawing retio (ILN1) ~rd raximum drawing load of
each of the lubricating oils vrler test are illustrated in
tables and figures for the various matericls used in
relation to the tonl geometry cmployeds Also, the result
of the Kaftanoglu test showirg the 1limiting droawing ratio
of the lubricating oils under test are represented in a
table and a groph, correlating test results with those of
Swift ones for a given mitarial deep drrwn with a particular
tool geometry, Measured values of the viscosity of the
lubricating oils at room tempernture of 27°C and at 60°%

~re presented in a table,

Lels Swift Test Nesulte

4s1,1 Limiting Drawin~ Ratio Results

Table 4.1 shows the limi+ins drewing rtio *=Tuen
obtained while deen dre-ring %2> wrious matzriala under the
lubrica“trmsconditions under S35t using various tool

geometries,

4.1.11 LDR Results Vhile Deep Drawing 0,82mm

- — e

Thick G=lvenized Fild Steel

Cone iderir»g the loecnl oils ns lubricents, LDR values
obtained vhile deep drawing with 3mm punch-frofile radius
ghow that Palm and Cottonsesd oils gave a higher value of
2,736 while Palm kernel oil 2nd Grouminut oil gave a lower

value of 2.32, Deep drawing with A punch profile radius
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TABLE L,1 (CONT™D)

MATERIAL MATERIAL LUBRICATING. LIMITING DRAVING R.TIO USING PUNCH-PROFILE
USED THICKNESS OIL RADIUS OF;
(2m) 3mm 15mm
Plain Carbon
Stzel 0.61 Dry Condition 2.32 2.32
E.P, 1L0 o1l 2.4¢ 2.L0
Paraffin oil 2.36 2.3€6
Palm 01l 2,36 2:40
Palm kernel oil 2.36 2.0
Cottonseed oil 2,40 2.4l
Groundnut oil 2.4 2.40
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The critical blanksizes wnder the dr; sonditiou, R.F. U0 o1d,
Paraffin oil, Palm oil, Pala koracl oil, Cobttouseod 01l and
Groundmut oil ave 11k, 116, %1', 118, 116, 118 and 116mm
respectively.
L4e1.13 LIR Hesults Whilc Deep Drawing 0,61mm
Taiclz Plain Carbon Steel

Cottoﬁaeed 011 and Groun -1t oil gave o higher LDR
value of 2,40 while Palm o0il 2nd Prlm kernel oil gave a
lower value of 2;36 when deep rowing with 37m punch-profile
radius. Using 15Smm puncheprafils rndius, Cottonseed nil
gave a higher value of 2,444 while P~lm cil, Palm kernel

0il and Groundnut oil gave the same 1lwer value of 2.L40.

Figures (L.17), (L.18), (4.19). (L.20), (L.21), (L.22),
and (4.23) show curves of pnnch losd versus Aisplacement
relntions while drawing varicus di=ameters using 3mm punch~
profile radius, until fatlur~ ceonmnq, The critical
blanksizes under drr condi*ion. E.™. 1L0 »il, Paraffin cil,
Palm o0il, Palm ke-~1 »~il, Cotlore~24 nil, ~nd Groundmut

oil are 116, 129, 118, 118, 118, 120. and 120mm respectively,

hele2 Maximum Drawing Load Results
Table 4.2 shows the maximum drawing load results
obtained while deep drawing the various meterials under the
lubricntion conditions uncer test nsing various tool

geometries,

L.1.21 Deep Drawing 0.82am Thick Galv-nized
Mild fiveel

Deep drawing with 3mm profile radius punch, Palm oil
g7ve the lowest drawing lo21 of 35,0 KN while Palm kernel oil
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i & o dr lu. 2
gave the highest drawing loal of 38,0 Ki, Howeover, with
10mm punch-profile rading, Polm oil and Cottonsced oil g*ve
the lowest value of 36,0 KN while Palmkernel oil gave the
highest dr-wing lomd of 37.0 K, Doep drawing with 15mm
punch=prnfile radius, P2lm oil gave the lowerst drawing
load of 34.5 KN while Palm kernel oil gave the highest value
of 36,5 KN, With an 18mm punch-orofile radius, Palm oil
gave a lower drawing load of 35,0 KN while Palmkernel oil,
Cottonseed 0il and Grourdnut oil gave a2 higher value of

36.0 KN,

Figure (L4.8) shows curves of punch load versus punch
displacement relations from drawing of 110mm diameter blanks
using 3mm punch-profile radius with various oils under
investigation as lubricants., The mximum drawing loads
under dry condition, E.P. 140 o0il, Paraffin oil, Palm oil,
Palmkernel oil, Cottonseed oil end Groundmut oil are 39.0,
38,0, 38.5, 36.0, 38.0, 36.5 2nd 38,0 KN resveotively,

4.3.22 Deep Drawing 1,55mm Thick Galvanized
Mild Steel

Considering the local oils under investip=tion,
Palm o0il gave the lowest drawing load of €1,0 KN while
Palm kernel oil gave the highest value cf 63.0 KN when
deep drawing with 3mm punch-profile radius, Deep drawing
with 10mm puncheprofile radius shows thet Palm oil and
Cottonseed oil gave a lower drawing load of 59.5 KN while
Pnlmkernel oil and Groundnut 5il gave 2 higher value of

61.0 KN, Using 15mm punche-profile radius shows that
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Cottonseed o0il gave a lower falue of Y{.5 RI¥ wvhile Palmknrnhi
0il gave the highest value of 60.0 KN, With 18mm punch—
profile radius, however, Dalm oil gave a lower drawing load

of 56,0 KN while Palmkernel oil, Cottonseed o;il and

Groundmit oil gave & higher vnlue of 57.0 KN,

Figure (L.1d) shows curves of punch load versus
punch displacement relations obtained while deep drawing
10lpm diameter blanks using 3mm punch-profile radius with
the various eils under investigaticn as lubricants, The
maximum drawing leads under dry condition, E,P. 140 oil,
Palm oil, Paraffin nil, Palm ¢il, Palmkernel »oil,
Cottonseed oil, and Groundmut »il are 66.0, 62.5, 63.0,

61.0, 63.0, 61,5 and 61,5 respectively..

L4.1.23 Deep Drawing 0.61mm Thick Plein
Carbon Steel

During the deep drawing operation using 3mm punch~
profile radius, Cottonseed oil gave the lowest dr=wing load
of 25,0 KN while Palmkernel oil gave the higheat value of
26.0 KN, Deep drawing using 10mm punch-profile radius
shows that Groundnut oil gave a lower drawing load of 25.0 KN
while Palm oil, Palmkernel oil and Cottonseed oil gave a
higher value of 25.5 KN, Using 18mm punch-profile radius,
Palm oil, Cottonseed oil and Groundmt oil gave a lower
drawing leoad of 24.0 KN while Palmkernel oil gave a higher -

value of 2L.5 KN,

Figure (4.2h) shows curves of punch load versus punch

displacement relations fron drawing 116mm diameter blanks
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[ . o . ST AT

uéing 3mm pﬁnch-iprt;file radius with alls undor'imaat.tgatio;l
as lubricants. The maximm drewlng lrads under e dry
condition, B,P, 140 ~11, Paraffin oll, Falm &il, Palmkernel
ail Cottonseed oil and Groundrut oil are 27,7, 26,0, 26.5§

25.5, 26.0; 25,0 and 25.5 KN reapectively.

.2 Kaftanoglu Test Resulbg 7o o 'nh o el

Table L.3 shows the results of the Kaftanoglu test
method indicAting the computed limiting drawing ratio for
each of the olls dander investigation in the deep drawing of
1.55mm thick galvénized mild steel employing a punch of 15mm
profile radius. The empirical constants, M, N and critiecal
blank diameter for the exponential equations are presented
for each of the Tubrleation ccnditions. Por comparison
purposes, limiting drawing ratioc obtained from the standard
Swift test method using the verious oils as lubricants are
presented, thus enabling correlation of results between the
experimental Swift test and the Kaftanoglu test for the -

de_te__:c'minatio:u of limiting drawing ratic.

Table L., shows the bulge depth versus Initisl blank
diameters of aversize Planks obtained from Kafternoglu test
while deep drawing 1.55mm thick galvanized mild steel
employing 15mm punche~prnfile radius, under the various
lubrication conditions under Investigation, The computed
eritical blank diameters for zach of the lubrication

ponditions are also presented in the table,

Figure {4.25) shows the graphs of bulze depth versus

initial blank diameters of oversize hlanks while deep drawing
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1.55mm thick galvanized mild eteel uging a punah-protile

rediug of 15mm with various oils es lulrdlcants.

L.3 Viscosity

Table L,5 shows the viscosity ot 2 room temperature
of 2700, and at 60°C of the various oils under investigntion
expressed in Redwood seconds, Of 211 the various oils
inveatigated; Cottonseed oil has the highest viscosity value
of 255 Hedwood seconds; while Palmkernel nil has the lowest
value of 191 Redwood seconds nt 2?0(‘.. The szme trend was

observed from the viscosity measurements at 60°C.
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PAJE L,  MAXDMUM DRAWING LOAD AESULTS OPTAINED WHEN DEEP DRAWING UNDER VARIOUS
LUBRICATION COKDITIONS AND TOOL GEOMETRIES.

MAMERTIAL MATERIAL TOBRICATING MAXIMUM DRAWING LOAD (KN) USING
YSED TH ICKNESS 0IL PONCH PROFILE RADIUS oF:
(mm) Imm 10mm 15mm 18mm
Galvenized mild 0.82 Dry Condi- 39.0 39.¢ 37.5 36.5
teel tion
E.P. 140 oil 38,0 36.5 36,0 36.0
Paraffin oil 38.5 37.C 37.0 36.5
Palm oil 36,0 36.C 34,5 35.0
Pa1lm kernel
0il 38,0 37.C 36.5 36.0
Cottonseed
oil 36.5 36.0 36.0 36.0
Groundmut
oil 38,0 3€.5 36,0 36.0
Galvanized mild 1.55 Dry Condi-
Steel tion fE,N 62.0 6£2.0 61.0
®,P. 140 oil 62,5 . 61.0 60.0 57.0
Paraffin oil £3.5 62.9 62.0 61.0
Palm oil 61.0 9.5 58.5 56.0
Palm kernel
oil 63.0 61,0 60,0 57.0
Cottonseed
oil €1.5 59.5 575 57.0
Groundmut G

oil €1.5 - @l 59.5 57.0
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TABLE L.2 (CONT'D)

WATERIAL MATERIAL LUBRICATING  MAXIMOM DRAWING  LOAD (x¥) USING
ISED THICKNESS OIL PONCH PRCFILE RADIUS OF:
%am 1 Onm 15mm 18mm
Piz2in Carbon Dry Condi-
Steel tion 27.0 27.0 _ 2.5
E.P. 140 oil 26,0 25.5 - 24.0
Paraffin oil 269 ‘oc.e - 25,0
Palm oil 25.5 25. - 2L.0
Palm kernel
0il 26.C 25.5 - 24.5
Cottonseed
oil 25.0 25.5 - 24,0
Groundmut
oil 2545 25,9 - 2L.0
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WBLE L.3: LIMITING DRAWING RATIO RESULTS OBTAINED FROM KAFTANOGIU DEEP DRAWING TESTS OF 1,55mm
THICK GALVANIZED MILD STEEL USING 15nm PUNCH-PROFILE RADIUS UNDER VARIGUS LUBRICATICON
CONDITICN S
SURICATING SWIFT EMPIRICAL CONSTANTS COMPUTED VITHIN AN INCREMT
0IL LIMITING FOH THE BQUATION LIMITING OF ;. 025 €N LIR
TRAWING Db=N exp{ih)+Der LRAWING
RATIO ) - RATIO - —— -
M N Dar (ya) UNDERSIZE  OVERSIZE
g BLANK BLANK
() (xm)
%Y CONDITIOR 2R 100980,45 0.26107 115,138 2.3¢3 113,888 115,388
£.P. 140 OIL 2,32 149385.75 0,26107 115,138 2,303 113,888 116,388
PARAFFIN OIL 2.28 115060.9;, 0,26107 115,138 2.303 113,888 116,36’
PALM OIL 2.36 L470681,98 0,36022 122,045 2.1 120,795 123,295
PALM KERNEL OIL 2,32 64,0830.8; 0.32081 119.820 2.396 118,570 121.07'0
'y
COTTONSEED 0IL 2.36 1036889,37 0.32081 119,829 2.396 118,570 121,07C
GROUNDNUT OIL 2.32 1217293.8¢ 0.32081 119,820 2,396 118,570 121.070
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TABLE g.g: RULCE DEPTHS VIRSUS BLANK DIAMETERS OBTAINED

 WHILE DEEP DRAWING ‘I.Ssmm THICK GALVANIZED
WMILD SThEL USIHG 15mm FUNCH=PROFILE RADIUS

n A W= U L e e
TNDER TRE VARIOUS LUEBRICATICH CONDITICON.

EhERICATING 0IL BLANK BULCE CRITICAL BLANK
DIAME~ DEPTH DIAMETER (Der)
TER Eh) _ (nm)
(Db% mm ) '
(oo
DRY CONDITION 46 31.0 o
136 32,7 115,138
126 35.0 :
E.P. 140 OIL 146 32.5 )
136 3L.0 ) 115,138
126 36.5 )
PARAFPIN OIL 146 3145
136 33,0 115,138
PALM OTL 146 33.5
136 ¢ 35.0 122.045
126 38,5 o _
PALM KERNEL OIL we o 31 R
Lo 136 33,0 L 119,820
126 36.0
COTTONSEED OIL W6 i 33.0 )
136 3L.5 g 119,820
126 37.5 o
CROUNDNUT OIL 146 33.5
136 35,0 119,820
126 - 38.0
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TABLE L,5:  VISCOSITY VAIDES FOR THE VAKTOUS TURRICATING

JILS UNDER Ti

NVESTIGATICN AT ROOM FEMPENATURE

(2700) AND 4T 60CC

LUBRICATING OIL

VISCOSITY (REDWOOﬁﬂ
SECONDS) AT:
1% 60°¢C
E.P, 140 OIL L 1O 1,130
PARAFFIN OIL 525 170
PAIM OIL 2hs ©115
PALM KERNEL QIL 191 : 90
COPMONSEED OIL 25% 122
$HOUNDNUT QIL 225 : 108
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CHAPTER

. DISCUSSION OF KESULTS
The properties of each of the loasnl ails under .ﬁijg'

investigation in regpect of the mumericenl values obtained

from the Swift deep drawihg formabilit; test parameters have

*

been used as & major criferlon for the olls assegsment ag
lubricants in deep drawing: The limiting drawing ratio
(LDR) and the maximum drawing load are the Swift test
parameters used to assess the performante of the local oils,
The higher the value of the limlting drewing ratio, the
better the lubricant while the lower the deesp drawirg load,
the better the lubricant. BHowever, to et a standard for
comparison, the results obtzined for the local oils in
raspect of these Swift test parameters were compared with
those ebtained for the widely used high grade industrial
Tubricant - E.P. 140 o01l, The lower performance characteris-—
tice of these local oils in deep drawing operations have been
evaluated by comparing test results with Paraffin oil - a

lower grade oil used in sheet metal forming operatioms.

-
The newly developed Kaftanoglu test was used for the
determination of limitimg drawing ratio of each of the olls
under investigation, including dry condition by selecting one
gsheet material usipg a particular tool geometry to enabtle
comparigon of resulis ohtained from this new approach witg

those of Swift teste.

SR



68 | _ -

5.7 lubricant Jssessment by Swift Test
Hethod

S.1.1 Limiting ﬂfaming Rotio Results | Lk

The results of the limiting drawing ratio obtalined
while deep drawing the various mnterials with the o
investigated o0ils as lubricaonts using two different tooi
geometries are presented in table L.1.

$31.141 Deep Drawing 0,82mm Thick Gelvanized
Mild Steel

Deep drawing with 3mn punch~profile radius, the
limiting drawing ratio results show that Cottoneeed oil
and Palm oil gave LDR value of 2,36 thereby showing Yetter
lubrication performance than E.P, 149 oil, Grourdmut oil
and Palmkernel oil gave the same LDR of 2.32 as the E.P. 140.
A11 the lubricants performed better than Pars££fin oil with

an LIR of 2.2L.

Deep drawing with 15mm punch-profile radius
showg that Cottonseed 0il and Palm oil having an LDR of
2.4 are more superior lubricants than E.P. 1LD oil.
However, Palmkernel oll and Groundrut oil gave similar
performance with Paraffin oil And E.P. 140 o0il having LDH
of 2,36,

S.1.1.2 TDoep Drawving 1.55mm Thick Galvanized
Mild Bteel

Regults show that while deep drawing with 3mm punch-
profile radius, Pslm oil, Groundnut oll and Cotionseed oil
having an LD of 2,28 are better lubricenta than E.P.1L0

0ile Palmkernel with an LDit of 2.2L gave a gimilar result
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with B,P, 140 oil, All the lublwricante pﬁffoimé& hetter ¢han

Paraffin ~il with an LIR of 2,30,

Limiting drawing ratic remulte uasing 15mmr punobh—profile
radius in the drawing operation reveals that Pelm oil and
Cottonseed oil with LIk of 2.36 are the best lubricating oils.
Palmkernel oil and Groundnut oil have the same performance as
E,P. 110 o0il with IDR of 2.32. All the local olls pefformed

vettor thht Pararfin oil having an LIH of 2,28,

5.1.1.3 Deep Drawing D.61mm Thick Plain
' . Carbon Steel

Limiting drawing ratic results cbtained from the deep
drawing operation using 3mm punch-profile radius reveals
that Groundnut oil and Cottonseed oll heve the same LDR of
2.40 as E,P. 140 o0il, thereby showing best lulricatien
performance., DPalmkernel oil and Palm oil having an TDR
of 2.36 are less superior %o E.P, 14D 0il but gave similar

performance to Paraffin oil,

Using 15mm punch=profile radius, Cottonseed oll
with LDR ef 2,4{ gave the best lubrication performance,
Palmkernel oil gave the same performance as E.P. 140 oil
havipg an LDR of 2.40. All the local olls performed

better than Paraffin oil with an LDR of 2.36.

£.1,2 Maximam Drawing Load Results

The results of the maximim drawing load obtalned
vhile deep drawing with various oils under Investigation

af lubricants using four different punck=profile radius

are presented in table L.2.

PR
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5e1.2,1 Deep Irawing C,82mm Thick Gelvanized
' Hi;d e

Best lubrication performance was obtained from
Palm oil with a drawving load of 36.0 KN while deep drawing
with 3mm punch-profile radius, followed by Cnttonseed oil
with 36,5 KN. Groundnut, Palmkernel oils and E,P. 4O oil

ave the same lubrication performonce with a drawing load

of 38.0 KN. All the lubricants performed better than
Paraffin oil with a maximum drawing 1load of 3845 KNy

When drawing was carried out using 1&mm punch-profile
radius, the maximum drawing load results :how that Palm oil,l
Cottonseed o0il and Groundnut oil, with 36.0 ¥N are more
superior lubricants than E_P. 140 oil. E.P., 140 o0il having
a maximum drawing load of 36.5 KN was found to be more
supcerior than Palmkernel oil with 37.0 KN, . 211 the locel
0ils except Palmkernel oil performed better than Paraffin

0il with 37.0 KN drawing load,

Deep drawing with 15mm punch-profile radius,
Palm 0il having a drawing load of 34.5 KN was found to
be the best lubricating oil. Groundnut oil and Cotton-
seed 0il ezch having a drawing load of 36.0 KN gave the
same performance as E,P, 140 0il, Palmkernel oil was
less supcrior to E,P. 140 o0il tut has the, same rating

ag Paraffin oil with a drawin: load of 37.0 KN,

Maximum drawing load results using 18mm punch-profile
radius show that Palm oil was the best lubricating oil,

having a drawing load of 35.0 KN, Palmkernel oil,
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Cottonseed o0il and Groundmut oil having A drawing 1nad of
36.0 KN, rated sam~ as E,P, 140 o0il, 711 the lubricating
o0ilg were found to be sul'_oerior to Paraffin oil having a
Arawineg load of 36.5 KN.

6.142.2 Deep Drewing 1.5%mm Thick Galvanized
] ii - t‘. :'h' 91

Deep drawing operation usine 3Jum punch=profile radius
shows that Palm oil was the best lubriceting oil with a
draving leoad of 61.0 KN, Cottovseed oil and Groundnut 0il
with 2 drawing lcad of 61,5 KN were found to be more
superior lubricants than E,P. 140 cil, Palmkernel oil
havinz a drawins load of 63,0 KN was less superior to
E.P. 1LO o1l but gave a better performsnce than Paraffin

oil having a drawing load of 63,5 XN,

When 10mm punch-profilc rzdiues wis employed
in the deep drawing operation, Cottonseed 0il and Palm oil
each having a drewing load of 59,5 KN were found %o be the
best lubricating oils, Palmkernol ~nd Grourdnut oils gave
the seme performance as F P. 1.0 oil with 2 dr-wing load
of 61.0 KN, 411 the loeal oils ~erformed bester than

Papaffin 0il with a drewing loa? of 62,0 KN,

Maximum drewing load resulis using 15mm punch=-profile
padius reveals that Cottonsezd oil was the most superier
lubricant having a drawing load of 57.5 KN. Palm nil and
Groundmit oil with drawing loads of 58.5 and 52.5 KN

respeatively performed better thon E.P. 1L0 0il, Palmkernel
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oil and FE,P, 140 01l have tha sawe 1hing with a drawing
load of 60,0 KN, All the loeal ofls yperforned loblbas than

Pareffin oil with a drawiug load of 62,0 K.

Deep drawing with 18um paneh-urotile radius,
Palm o0il gave the most superior performance with a drawing
lond of 56.0 KN, Palmkerncl oil, Crovndmt »nil and Cotton-
seed oil gave the same rating 28 the E,P. 140 o0il having a
maximum drawing lond of 57.0 KN,

5+1.2.3 Deep Drowing O.61mm Thick Plain
Carbon Steel

lesults of maximum dr-win~ lo~nd using 3mm punch-profile
r~iius show that Cottonseed oil was the best lubricating il
with a drawing load of 25,0 KN, Groundmut and Palm oils
having a drewins load of 25,5 KN were fcund to he more
superior than E,P. 140 oil. P2lmkernel oil gave the same
performance 28 E,P, 140 oil with » drawings load of 26,0 KN.
£11 the loerl oils performed bestar then Paraffin oid

having a drawing load of 26,3 K,

When drewing was carried out using 10mm punch=-profile
radiug, 2 maximum drawins loal of 25,0 KN was obtained for
Groundnut @il mrking it the bost lubricating oil under this
condition. Palm oil, Cottonseed oil and Palmkernel cil gave
similar lubrication performrnce as E,P. 140 nil having a
draving load of 25,5 KN. All the loezl oils gave a more
superior perfarmence than Paraffin cil having a drawing

lond of 26.0 KN,
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Deep drawing using 18mm punoh~peentile ending sbovs
that Palm aily fottopgend oll nwud Geemyduet il awe Last
lubricants having the same drawlng load of 24.0 KN, ag
E.?, 140 qil. However, all the local oils were found to
ﬁe more superior than Paraffin cil that gave a drawing
loed of 25.0 KN,

5.2 Lubricant Assessment by Kaftanoglu Test
Method

Table L.3 shows the compuse? limiting drawing ratio
results obtzined from the Kaftanoglu test agzinst those
of Swifts while deep drawing 1.55mm thick gelvanized mild

gteel employing {6mp punch-profile radius,

Falm oil was found to be the most superior lubricant
with an LDR of 2,441, followed by Groundmut oil, Cottonseed
0il and FAlmkernel »nil each having LIR of 2,396, All the
loenl oils were found to be superior to E,P. 140 o0il which

gove the same LD of 2,303 as Pnraffin oil.

Limiting drawing ratios obt2ined for dry condition,
PePe 140 0il, Paraffin nil anl Cottonseed oil show that a
high degree of correlation exists between the two test
methods, However, Kaftanoglu'ts LD value for Palmkernel
0il and Groundrut oil, of 2.396 was higher than 2,32

obt~ined from Swift method,

Discrepancies are expected between the results of
the two test methods due to lifferences in their limits of

accuracy,.
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Figure (L.25) shows the curves nf bulge Aepth vereus
hlank diameters in the Kaftanoglu test. The tulge devth
is the depth »f travel of the punch up to the pnint of
initiation of the hairline ecrack at the bottem around the

munch profile razdius,

The figure shows that a greater bulge depth was
achicved with a goed lubricant than that of a poorer one.
It could be seen therefore from the figure that, as the
exponential curve shifts upwards, the better the lubricant,
Hence for the dry condition, the curve is lowest whereas the

curve for Pzlm oil having the highest LDR is at the top,

5.3 Viscosity

It is well known that viscosity plays a significant
role in sheet metal ferming operation in general, and
deep drawing in particular., 1In view of the prevailing
condition of high loads and pressures involved in deep
drawing operation, the selection of 2 lubricant of hirh
viscosity, which will not shear too easily and ellow
rupture nf the lubricating »il film, and subsequent failure
of the material werkpiece to occur, is cf paramount

importance,

From the room temperature (27°C) viscosity of
the oils under investigation 2s shown in table 4.5, the
mineral oils have the highest viscosity numbersg E.P. 140
0il having a viscosity of L,4L.0 Redwood Seconds and

Paraffin oil with a viscesity of 525 Redwood Seconds.
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The locel oils under investigation have relatiwely low

viecosities ranging from Palmkeruel ojl which has the

lowest viacasity af "l Hetwond Sagomde €0 Costormend pit
having the highest viscosity of 255 Redwood Seconds. The
low viscosity nbtained for Palmkernel oil must have
necessitated easy rupture of i%s lubricating film, thereby
allowing for failure to occur at shallow drawing depth
compared with Cottonseed oil of higher viscosity failing

at much higher drawing depth, The viscosity numbers of
these oils at 60°C justify the temperature dependence of
these oils under investigaticon, It is worth mentioning that
the trend of increasing viscosity as observed from viscosity
data obtained at the room %emperature of 27°C. wag found to

be in sz2me manner as the Azta obtained at 6000.

Even though the visceosity numbers obtained for these
loc#1 oils are very low cnmpared with mineral oils, the
loc2l oils still performed favcurazbly as indicated by the

Swift test results,

Cottonsecd oil and Palm oil with the highest viscosity
mumbers of 2655 and 2LS Redwnod Seconds respectively, gave
the most superior lubrication, followed by Groundnut eil '
with a2 viscosity of 225 Redwood Seconds while the poorest
wag Palmkernel oil with a viscosity of 191 Kedwood Seconds.
The performance of these oile wos therefore found to be in
accordance with their inereasing viscosity. All the local

oils are easy to apply onto workpiece because of their low

viscosities,
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gil Chemical ‘Anzlysis

The chemical analysis of each of the loecal oils
showing their fatty acid composition, percentage ~f fmca
acid content, iodine value, phcsphorus contert and

saponification value are preserted in Appendix 2A and 2B,

The action of fatty oils in reducing friction

undier boundary condition has been attributed tn their
molecular adherence to metal surfaces., The fatty acid
content of the fatty nils adheres to the surface with
sufficient strength to resist teing turn off when the
rubbing surfaces slide nver each other. Molecules of fatty
ncids have carboxyl groups (the active end of the molecule)
that attach themselves to the metal surface, Ordinary
mineral oils like the Paraffins do not have this polar
(active) group Because they hove a chain structure that is
in equilibrium, Sometimes they are described as being made
up of saturated molecules, The structure of fatty acid and

Paraffin oil are shewn belows

HEHHHHH HHHH
13323211 P T B | P
ol el =t HeCoColol wmeC
1111111 1111 H
HHHHHHH HHHH
Paraffin ail Fatty scid,

The structure of fatty acids bears a marked
resemblance to the Paraffins but has the addition of an &H
(hydroxyl) and 2n 0 (exide), which form the unsaturated

carboxyl group. The fatty acid molecules orient themselves
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with the carboxyl groups at the metal eurfmos., This vesults
in the formation on the surface & film of fetty Acid molecules
all standing up from tho surfroa, The frepen af adboalen ane
gufficiently strong to resist removal of the fatty acid
molecules, The layers actuzlly isclate the surface forces

of the two metals, and the friction, which would be high

in the absence of a lubricant, is substantially reduced.

Celial Fatty /Acid Composition

The saturated frtty acid content ef the .locel oils
are myristic, palmitic, stearic, caprytic, capric, lauric,
arachidie, beharic and lignoceric acids. However, with the
presence of carboxylic groups, these acids help in maintai-
ning a strong molecular adherence of the fatty oils to metal

surfaces thereby minimizing friction.

The unsaturated fatty acid contents are the oleic
204 linoceric acids, These z2cids are »y themselves
rezctive in addition tc the presence of carboxylic groups.
They therefore enntribute nore to the molecular adherence
of the local eils onto metal wurfaces, It is therefore
not suprising to note that Cottonsced oil has the highest
percentage of linocerie acid (46)7) while Pslmkernel oil
has the lowest (2) in conformity with their lubricatisn

performance,

Sly.2 Todine Value

The iodine value is a measure of the degree of

unsaturated fatty acids in the oil, It indicates the
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amount of reactive radicals present in them. These
reactive radicals react under the prevailing onpditions
of high leads and pressures ap snoounhered in deep drawing
cperations, thereby forming metallic soaps. These metallle
sneps are formed a2t the workpiece/tool Interface preventing
metel-~to-metal contact, thereby enhincing deep drawing

operations, : i

Todine v2lue results show that ®xttonseed nil hes the
highest value of 111,15 while Palmkernel oil has the lowest
value nf 18,67, The high iodine value of Cottonseed oil
mest have contributed to its inproved deep drawing
performence. However, a direct correlation bhetween lubricaé.
tion performance of these 3loenl oiles arnd their corresponding

iodine values gave no positive result.

5.h.3 Phosphorus Content

Phogphorus, like other reactive elements such as
gulphur anc chlorine have been extensively used over the
years, either singly or in combination, to improve the
lubrication performance of oils. Phosphorus reacts with
metnl surfaces to form metallic soaps thereby preventing
metal-to=metal contact bebtween work and tool. The presence
of phogphorus in the local oils under investigation in
relatively small amounts must have enhanced their lutwication
performarce. Cottengseed oil has the greatest phoepharns
content of 0,10%%, while in the other local oils, the

phosphorus content ranges from J.048 to 0.065%.

|
!
i
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Sl Free Acid Content

The pereentage of free acid ecomteut in fatiy oila
indicates the ease at which the oil will turm ratnid aftew
exposure to the acmosrhere for some time., It is therefnre
used as 2 measure of the stability of an oil. The free acid
content of the local -eils under investigation falls within
the range of 0,11 to 5 percent for Cottonseed o0il,
Groundnut o0il and Palmkernel oil, Palm oil has a free acid
content ranging from 7 te 31%. The use of fatty oils with
percentage free acid content over 16% is considered very
prone to corrosion attack on the workpiece during sheet
metal forming operation if effective degreasing system is

not empleyed (Newby, 1976).

SelieS Saponification Value

This indicates the ease with which an oil can be
effectively degreased in an alkaline medium. The higher
the saponification value, the more difficult it is for
the @il to be degreased. Cottons¢ed oil, Palm eil and
Greuyndmat oil have saponification values rangine from
221-227 while Palmkernel oil has the highest saponification

value of 288.%5.
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SUMMARY AYMTY COMCLUSION

The Swift simletive formability test has been
employed in the present research work for the assepamernt
of loecally produced oils vwiz: Palm oilj Palmkernel oil,
Cottonsead oil and Groundnut o0il as lubricants in deep

drawing operationsg

Ag reported by Reberts (1978}, the carly use of
fatty oils as lubricants in sheet metal forming operation
dz=tes as far back as prior to World War II_  when Palm il
wzs the most wildely umsed lubricant for ¢old rolling
cperations, Neckervis and Evans (1948) reported that
16% free acid content in Nigerian Palm oil provided better
iubricity than the same eil refined until its froe fatty
acid content was reduced to 0.55 percent, However, the
shortage of this cil resultinz from i1ts increasing domestic
consumption ratc spurred the aearch for substitute materials,
This research led to the use ~of tallows, castor nil, NMive
oil and a large numper ef othey fatty oils of both animal
and vegetable origins., These were gradually replaced
with mineral ¢ils which are readily avallable over a wide

renge of viscosities for use in metal forming operations.

Fatty oile Bre organic compounds consisting of
predominantly fatty acids in a glyceride molecule, The
fatty acids are of very long carbon molecules with

carboiyl {polar) groups attached at one end, These polar
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groups which are several molecules thick adhere strongly
to work and tool surfaces thereby causirg the long carbon
chain to be oriented at approxipately right arglea ta
metal surfaces, thus minjmizin: netal-to-metal contact

end friction,

Roberts (1968) reported that the mineral oils,
like the Paraffin oil, on the other hand, do not possess
high lubricity as the fatty oils because their compenent
hydrocarbon molecules are saturcted, They do not therefore
possess this polar group which help to maintain firm
molecular adherence ontec metal surfaces. However,
Compbell (1932) claimed that there is some evidence to
show that Paraffin hydrocarbons react with different
metal surfaces but in a very mild manner by forming
metallic seaps which help to minimize metal-to-metal
contact and friction. The major parameter respomsible
for the lubricity prnvided by the minerel oils is
viscosity. The high viscosity helps to disallow rupture
of the lubricating film thereby preventing metal-to-metal

contact and reducing friction,

Extreme Pressure (E.P.) lubricants are typiczl
examples of the use of mineral oils as coolants as well
as carriers, These E,P, oils, like the E.P. 140 oil
being investigated, are selected prades of mineral oils
of high viscosity blended with organic compoumndscontaining
either sulphur, chicrine or phosphorus, Through chemiecal

reactions with the metal surfaces, these additives form



! _ 82 e
solid surface films of metallis chiorides, sulphides or
phosphidesy These bourdary filmg have a velatively low
shearing strength so that ribbing betweon e iiderwacting

surfaces ncours in the additive film and thus protects the

underly{ing metaly

The asgsessment of the loecal oils under investigation
as lubricante in deep drawlng operations was based on the
Swift test parameters viz: the limiting drawing ratie, and
the maximum drawing load, The resulting parameters wers
compared with those obtained for the widely used high grade
industrial oil-Extreme Pressure (E.P. 140 0il) oil, and

Paraf{in oil as a lewer standard,

Limiting drawing ratio results obtained showed that
Cottongeed oil and Palm nil are the best lulricants amongst
the loeal oils under investigation ziving better performance
than the high grade E,P. 140 oil. Groundmut oil and
FPalmkernel olil 2lso gave favourable results compared with

E.P, 140 oil,

Maximum drowing load results similarly confirmed above
results indicating the excellent lubricetion performence
of Cotteneesd oil and Palm oil as a more superior lubricant
than E P, 148 ail. Palmkernel oll and Groundnut oil alsc
compared favourably with E. P, 140 0il. In most cases,
hovever, Palmkernel eil.gave the poorest lulrication

performance.
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The potentialities of these local oils as lubricants |

in deep drawing operations, having been studied in relationl
to the two different materialp investigried, using differons
thicknesses and variods tocl geometriea; showed consistent
resulte, Tt was therefore connluded that ifresp‘ctive of
the tool gepmetry emplayed in the deep drawlme operation,
or the thickneas of the materinl selected, the performance

of the local oils as excellent lubricamts is guarranteed

in comparison with E.P, 1L0 eil,

Also, the consistency of the results of.the Swift
teat was confirmed by employing the newly developed
Kaftaneglu formability test in the deep drawing operation
for the estimation of the limiting drawing ratio for each
of the lubricating oils under a particular eondition
of tool geometry. Hesults from both tests gave good

corvelation,

Hewever, the final evaluation of the local ells
as lubricants in deep drawing operatinn was not only
based on the Swift test results, tut also on major facters
such as meths&.of.applicat;on, toxicity and stability,

eazc of removal, and cost, '

The relatively low viscosities of these oils at
room temperature afford the opportunitytef eapier
application onto a work and makes handling of work anrd

finiched product essier than is the case with the highly

viscous E_P. 140 oil,
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The tendency for deterioration of these local oils
when exposed to the atmosphere is indiecated by their
percentagze of free acid content, The free acid coutsine
unsaturated hydrocarbons which are very reactive and on
exposure to the atmosphere get oxidized, The products
of oxidation results in deterioration of the eils lezding
to lowering of the lubricity of the oils. The elocal
oils were found to possess high stability because of their

relatively low free fatty acid content.

The loerl oils are casily degreasable in an alkaline
medium as confirmad by their relatively low saponification

vlues,

In view of the fact that lubricants presently used
in the country in the various sheet metel forming
industries are imported, foreign exchange will be saved
if they are substituted with the loeally available oils,
Al=o the agriculturists will be encouraged to revive and

boost the production of these oils,

In the present context, consideration is given to
only the important lubricant selcoction factoers peculiar
tc deep drawing eperations, Factors such as fire point,
flash point, pour point, cloud point etc as earlier
mentioned (see Chapter 2) are not critical factors that
could be considered in deep drawing operations using
the local oils under the present investigation. The local

oils under investigation are edible oils. Therefore
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temperatures attained during cooking are quite practically
unattainable during deep drawinz of sheet metal and as such
factors such as fire point, flash pointy wloud poimt de
not play a critical role, Pour pecint bears a little role
in lubricant applicatior, because solid lubricants can be
applied énto workplece by methods such as brushing,
swabbing ete. Mlso, since deep drawing lubrfesnt are not
recycled for re-use, other factors were considered not

critical.

On the foregoing, it is thereby corcluded that the
use of the loeal oils as lubricants in deep drawing
operations is justified, It is however considered
necessary that as a short-term mensure, before the country
czn fully be self sufficient in the production of these
0oils, part=blends with mineral oils should be encouraged,
This will nnt only enhence the lubricity of the currently
used mineral oils, but will also save the country some
foreign exchange as against the the present scheme of
100% importation. By this blending, the pour point,
g"ponification value, and iodine vilue will even be lowered
than when 100% local oils are uscd, thus implying eesier
application, easier degreasing and thus less tendercy

for deteriormtion,
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Also, the use of chemical additives such as
compounds of sulphur, chlorine or phoephorug could be
uged to asaist in maintaining the viecanity wf the lenaal
oils if they are to be usad under the severest deep
drawing operations. However, the choice of any particular
adlitive should take cognisance of its reaction with metal

surface as rightly suggested by Lee (1975).

On the feregoing, the research work is considered
to have added a new dimension sowards reviving the nation's
economy by identifying and confirming the potentiality of
some locally availawle materials for use in our sheet metal

forming industries,
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ATPEMDIX 2{4):

I

CHEMICAL COMPCSITION OF LOCAL QILS

PATTY CHMIN % TN % IN % IN ol I%
ACIDS LENGTH  COTTON PAIM GRQUM)~  PAIM-
SEED OIL OIL NUT QOIL KERNEL
OIL
MYRISTIC 14 1.0 1 - 17
PALMITIC 16 2115 LB 748 8
STEARIC 18 2,0 I L.5 P
CAPRYTIC 8 o - - 3
CAFRIC 10 - - - 4
LATRIC 12 - - - 51
ARACHIDIC 2 - - 3 -
BEHARIC 22 - - 2 -
LIGYMOCERIC 2h - - 2 -
OLEIC 18 2l 38 62 13
LINOIEIC 18 L6 g 20 2




b

APPENDIX 2(B): FREE ACID VALUE, SAPONIFICATION VALUE,
IODINE VALUE AND THOSPHORUS CONTENT OF
EACH OF THE LOCoL OlLo UNDER INVESTLI-

TLON .
LUBRICATING % SLPONIFICA=- IGDINE %
OIL FREE ACID TION VALUE VALUE  FHOSPHORUS
CONTENT
PALM OIL £6,99=31,99 225,41-227.56  64.5 0.048
PALMKERNEL
OIL L.63 286,95 18,67 0.065

GROUNDNUT OIL 0.11-0.24 223.04~230,23 106,01 0,067

COTTONSEED OIL 0,11-0.32 221,39-227.84 111.15 0.105
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APPENDIX 3(4) , i

KAFTANOGLU 'S METHOD OF ESTIM TING LIMITING DRAWING
RATIC (LDR)

In deep drawing, if oversize blarnks are used; {fractuta

would occcur over the punch head bofore the drawing of a full

cup, &t a certain punch travel or bulge depth, Buige depths,

when plotted against initial blank diameters of oversize

blanks would produce a smooth curve as shown belows

Successful
deep drawing Fracture occurs
due to oversize
blanks

IULGE DEPM (h)

Dexr

DIAMETER OF BLANK (D,)

Variation of bulge depth with blank diameter,
The above characteristics curve coan be approximatéd
by exponential relationship of the following type:
D, = M exp{-Nh) + Der =~ -~ - (1
Where M, ¥ and Der (Limiting blank diameter) are
congtants, It i= observed that when: h __ ®

then D

b Der



v

In equation (1) there are three uuknowns, ramely M, N and
Dewr, These can be determined if three pointa ave Xnown
from «rporipentas au the ashinrastariptioe pos o, Heene

the three sets of Db and h values when substituted in

equation (1) produce the followin; equations:

Dl = M exp(-Nh1) + ler (2)
Dys2 = M exp(-th,) + Der (3)
D3 = M exp(-!»‘hj) + Dor (L)

Substracting equation (3) from equation (2):
Dol = D,2 = M fexp(=ih,) = exp (=bh,)_J —— (5)
Substracting equation (L) from equation (2)

Dypa1=Dye3 = Mfexp (=) = exp(-Nhy) 7 —- (6)
Dividing equation (5) by equation (g):
D, ,1=D, 42
....P’__b..._ = exp (-Nh.l) - exp (-th)
Dy p1=Dy,3 e ()
exp (-Nh-l) = exp ("Nhj)

In equation (7) the only unknown is N, since the three

valyes for Db and h are known from experimental results,
The equation can be solved for N by a trial and error
computation, Using this value of M, M can be calculated
from either of equations (5) or (6), With these values
of M and N, Der can be computed from cne of equations
(2), (3) or (L).

Thus:

Limiting drawing ratio (IDR) = Der
d

Where d = Punch diameter.



APPENDIX 3(B): Comruter Programme based on Keftanaslu's methiea
of estimating Timiting Towsing Ratin (LIH).
See attached computer print-outs,



