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Abstract

Project Code: MRG5380117
Project Title: Developing shaving process for increasing shaved surface precision
Investigator: Sutasn Thipprakmas
Tool and Materials Engineering Department
King’s Mongkut University of Technology Thonburi
E-mail Address: sutasn.thi@kmutt.ac.th
Project Period: 15 June 2010 - 14 June 2012

Abstract:

In precision sheet metal cutting process, the major problems encountered are the crack
and burr formations. Further operations are required to eliminate these formations,
which increases the production cost and time. In the reciprocating shaving process, the
work piece is half-shaved and then shaved again in the opposite direction. This process
could be fabricated to produce a smooth-cut surface without any crack and burr
formations. However, the shaving direction effects were not investigated. In the present
study, the Finite Element Method (FEM) was used and laboratory experiments were
performed to clarify the shaving direction effects. The shaving direction effects could be
theoretically clarified on the basis of stress and strain distributions. The bending feature
was a result of the half-shaving in the reverse shearing direction. Thus, tensile stress on
the half-shaved work piece increased and crack formations occurred. In addition, the
roughness and hardness of the surface half-shaved was higher in comparison to the
sheared surface. However, the roughness and hardness of the half-shaved surface was
rarely affected by the half-shaving direction. The bending feature was generated to
some extent on the shaving operation. However, it was easily generated in the case of
shaving in the parallel shearing direction. The FEM simulation results were validated by
the laboratory experiments. It was found that the results corresponded suitably with the

experimental results.
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Manufactured and supported by : Hewlett — Packard HP xw 6400 work station
Intel(R) Xeon(R) CPU 5150 @ 2.66 GHz ,3.00 GB of RAM System : Microsoft Window

XP Professional Version 2002 service Pack 2
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2. Software DEFORM-2D
Scientific Forming Technologies Corporation (SFTC). : aammuu’uﬁa’imﬁxﬁmi
Vl,‘ﬁaLLuuaaaﬁﬁ"uadiamiuﬂizmuﬂiifuﬁsﬁb%ﬂu
3. méadﬂﬂaaim'nuwﬁoqan’m (Micro Hardness Tester)
Hwe3asdaflddmsiiannuudiifuinanmmasaussnsinmmanss  G%e
Matsuzawa 3% MXT70 Sesnansaiannuudsusimiiidasnsld Qmam‘"ﬁm%"aa
Vickers scales: HV1, HV5, HV10, HV20, HV30 waz HV50, Test force selection: dial,
Test load: CV-450DAT: 1, 5, 10, 20, 30 L8 50, Load control: Automatic, Load duration:
5 to 60 sec
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Hobson 1%15’3Lﬁui'wgﬂiwmaﬁummmm%’ﬂﬁ 20 mm anUSMaNaaUadluiaaniu
1aszuznIannTe lagldlisunsy TalyContour
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Stand 380 mm for Axiotech vario, Stand 640 mm for Axiotech vario, Floor space:

396x440 mm, Free distance optical axis-column, surface: 160 mm
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Finite Element Analysis of Shaving Direction Effects in Reciprocating Shaving
Process

Sutasn Thipprakmas", Wiriyakom Phanitwong
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In a precision shast metal cusiing process, the major probiems encountered are the ofack and burm formatons. Furiner operatians. are
required io eimingte inese fomatons, which Increase he production cost and tme. In the reciprocaing shaving process, e wWorkplece 5
har-shawed and then shaved agaln In ihe cpposite directon. This process could be fabncated to produce 3 SMOOT-CE BUface wWEnoLE any
crack and bur formations. However, the shaving drection eflects wane not Invesligated. In e present sludy, the finfie element method was
usad and laboratony experiments were parfamed o clary the shawing direcfion eSacts. The shaving dreclion eSects could be theoretizally
clarfied on the basls of 6T255 and sirain disTioutions. The benzing Teature was 3 result of the Nal-shaving In the reverse snearing drection.
Thiss, tenslke Giress on e hal-shaved workplece Increased and orack fomalians occumead. In addion, the roughness and handness of the
surface haf-enaved wers Nigner In Comparkson w0 e Gheared surface. Howsver, ihe rougnness and hardness of iz hal-zhaved surace
were rarsly affectad by the har-shawing direction. The bending Teaiure was gensrated 1o some exient an the shaving oparation. Howsver, It
waE easlly generated In the case of snaving In the paraliel shearing direction. The finike element simuiation results were valldated by the

labaratory experiments. | was found ihat the results comesponded sullably wih the experimental results.

Keyworde: Shaarng, Blanking, Shaving, Crack, Bum, Finiz elemsnt metnod

Infroduction

In a conventionsl shest metal cuffing process, the quality
of the product, especially the dimensjonal acouracy, gensr-
ally degrades with the conurence of crack and burr forma-
nons. Moreover, ot formation could result in inpuoy to
the operstors, especially those working m industries in-
volving consmmer goods and sanimary prodwces. Thos,
further processing such 2z grnding is reguired o eliminase
the crack and b formations. However, this results in an
increase in the prodoction cost and mme. It is very difficalt
to prevent crack snd b formatons, which is the mzin
barmier faced in product quality uperading in the sheet
metal cuinng process. Earlier researches, uwsed the Finite
Element Method and expenments for iovestzammg the
technigne m order to morease the producdvity as well as
improve product gualicy [1-11]. The connterhlanking proc-
ess has been investgzared. It mwvobees half-blanking and
then separafing the produwct by pushing it m the opposite
direction. Further, the relatonship between the blankmg
condifions and the products has also been studied [6,7]. In
addition, the shaving process, where 2 cut surface withowt
any crack formation conld be achieved has besn imvest-
zated [B-10]. Wik the advantzzes of these processes,
crack and ot formstions could be prevented on the coun-
rerblanking process, and on the shaving process, respec-
mwely. Thos, the mam conceprs of connmerblanking and
shaving processes were inbegrated info 4 reciprocanng
shaving process fo mest the requirement of a crack- and
urr-free cut surface. In this process, the workpiece was
half-shaved and then the shaving was again done o the
reverse diection [11]. With surtable applicanon of the
Working process parameters, the reciprocafing process
conld mamnfacnure 3 crack- and bumr-free out surface.

In the prasswt smdy, the shaving dirsction effects were
dived o theorercal imvestization and clarificanon in
arder to understand the complete process. FEM sinmilation
was used a5 a tool to investgate the shaving divection
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effects, and laboratory experiments were performed to
validate the resnlts. The efferis of half-shaving and shav-
ing dirertons could be theorstically clarified on the basis
of swess and sirain dismibubdon anabysis. The results dem-
onsirated that the half-shaving in the reverse shearmg
direction czused the bending feature. This resulted in the
increase of tensile soess oo the half-chaved surface and
caused crack formations. In addition, the hardness and
ronghmess on the surface half~shaved were higher than that
in the sheared surface. However, the bevel of shaved sar-
face roughness snd herdeess were similsr to some extent
in both halfshaving directions. In the shaving operation
the bendmg feanwe bad an easy cooumence m the case of
shavingz i the paralle]l shearing direction, o comparison
with the case of shaving m the reverse shearing direction.
The FEM sinmlation results were validsted by laboratory
experiments and it was found that they comesponded well
with the experimental results.

The FEM Simulation and Experimental Procedures

FEM Simulation Procedure. The FEM sinmilztion
model of the reciprocatng shaving procsss is shown in
Figare 1. The workpiece was first sheared as shown m
Fizare 1(z). Mext, half-shaving was done on the sheared
warkpiece I the parallel and reverse shearing directioms
25 shown in Figures 1(b-1) and (b-2), respecovely. Finally,
the workpiece was shaved again in the reverse direction of
the half-shaving operation s shown in Fimures 1(c-1) and
(c-2). respectvely. The condidons of FER simnlation
marerial property, and fracmre criterion are showmn m Ta-
ble 1. A commercizl anabytcal code for the two-
dimmensionz]l implcit quasi statc finite element method
(DEFOFM-2T) was uwsed as the FEM simalaton code.
The FEM sinmlation madel wsed in the present smdy was
the plame strain model m which the shest marerial was st
a5 an elasto-plastic fype The pumch, die, and blankboldsr
were st a5 nEid fypes. To achieve a high aconracy predic-
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ton of out surface, approcdmately 5000 elements of the
four-node element rvpe were generared on the shest mate-
rizl and fine element was generated on the shearing zone.
Ahmnivpm (A1100-0) was the maserial workpiece for
which the comsmimtive eqnation and the materiz] properdes
were defermuimed from the tensile festing experiment. The
nomuslized CockrofrfLatham equaton was applied with a
crifical frachure walue of 1.26. Thns, 3 zood agresment was
obtzined berween the FEM smomlation results and the

i resulis in the tensile testing and shearmg

process [11].
Sigaring drection
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Fligure 1. FEM simulation modsi.
Table 1. FEM simulaion condiions.
Sinmlatcn model Plans straiz modal
Ohjeect typs PumE'[hnﬂJgﬂ
Bile=kbolder : Rigid
; ATT00-0 [ Thickzsss (7): 5
Material mmm,m&f:ﬁ&] =
Tifial rraterial Tangih: 5 === Width: 33 mm

Shassing clasrance (0] | Tat
Shaving cleamnce () [0

Shoving allowencs (D1 |03 pm

Custing sool rading All cutting tnol radtos: 0L 0inm
Flow cumvs aeation T=15158"" 438

Fracturs criteneon squation. | Nemmabzed Cockrofi® ] atham
Critical fracteze vl () |126
Friction coeffciest (1) 0.1

Experimental Procedure. The die sef used for the ex-
periments 15 shown in Figure 2. The 30 kM universal rea-
sile testing machine (Lloyd Insmmunents Lid) was nsed as
the press machine Subseguent to the halfchaving mmd
shaving operations, the out surface was observed using an

steal ressanch int. 81 20100 Mo, 9

optcal microscope. This was done frstly to measue the
amoumts of die-roll, smooth surface, and crack, and sec-
mdlytu:q}tmthecurmrfaceﬁeammmuge Iuﬂthuun._,
the surface rouzhness and hardness were examined.

Flgurs 2. Diie 52t for the experiments.

Results and Discossions

Sitress Distribufion on Half-Shaving Operation. With
the half-zhaving pensradon of 05 mm the FEW siromla-
non resulis indicated the same level of siress distmbuton
on both casss of parallel and reverse shesnng directions as
shomn m Figares 3(z-1) and (3-2), respectively. The com-
pressive swess was genersted and directed oo the half-
shaved chip. It was found that when the half-shaving pens-
tration increased fo 1.2 oo m the case of parallel shear-
ing direction as showm in Figare 3{b-1), the half-chaved
chip formation was larger In addition the conmpressive
smess direction was nomed slightdy to the halfshaving
direction. In the case of reverse shesmng direcfon as
shown in Figure 3(b-13, owing to the large half-chaved
chip formation, the die-roll on the top surface was shighidly
pashed back to make contact with the die. This resulted in
directing the compressive soess m the half-shaving direc-
non and formuing A small bending featare. The tensile
smess was thus generated on the half-shaved surface. As
the punch procesded firther, the compressive siress direc-
non was numed mio the half-shaving direction in the case
of parallel shearing direcdon as shown m Figare 3(c-1).
Conversely, in the case of reverse shearing direction, the
bendmg feamre was larger. This resulted in an moeasze of
tensile siress on the half-shaved sarface as shown in Fig-
nre 3(c-2). This feamre caused cack formations oo the
half-shaved surface. With the half-zhaving penetration of
23 mm the same level of siress dismibution was observed
and the halfshaved chip was formed over the die in both
cases a3 shown in Figures 3(d-1) and (d-2), respectvely.
Temsile siress was genersted on the half-shaved surface. It
was observed that owing to the effect of the bending fea-
nme, the zenerzted temsile smess in the reverse shesrng
direction was larger in comparison to that in the parallel
shearing direcdon. In additfon, a smsll concave feane
was observed om the top surface in the case of the reverse

The results indicated that stress distribution was affected
by the half-shaving direction. The half-shaving with the
revarse shearing direction resulted in the generadon of the
bending featre. The tensile sess was tms easily gener-
ated oo the helf-sheved sarface In additon, the crack
formatnens were easily formed resulied in the decreasmg
of the meprnmm half-shaving penefraton As shown m

1058



Matal Formimg

Figures 4 and & the maxmnmm half-sheving pensrations
were similar in some extent in the parallel and reverse
shearing directions, approximately 2.6 mm, in which well
comresponded with the FEM sinmilation resalts. However,
in the other process parameser condiions, the maxmomm
half-~shaving penemations m the parzllel shearng direction
were larzer tham that in the reverse shearmg direcdon [11].

the smam generared om the half-shaving surface was simd-
lar in some extent in the parallel and reverse shesrmg
directions and they were slighily larger in companson to
thar genarared on the sheared surface The values wera 60
HV and 62 HV in the cases of shearing and half-shaving
operstons, respecovely.

The results illusmated that the half-chaved surface
ronghmess value was smaller a5 well as the hardness was

Figurs 3. Sirees dshibution analysis with respsct to the ha
ENEVING dINECTon (7, = 1%L, Tl = 096, D,y = 0.3 mm).

Surface Roughness, Strain Distribution and Hard-
ness. The cuf surface feanmes and their surface ronghmess
vahues (&) are shown in Figure 4. The results elucidated
that the half-shaved surface ronghness values were simdlar
o some extent m the parallel and reverse shearmg direc-
nons. In addinen they were smaller than their sheared
sirface roughness values. The approximiare sheared amd
half-shaved surface roughness values (Ra) were 0495 pm
and 0.208 pm respectively. The soam dismibuton amd
hardness vale (HW) on the sheared surface are showm m
Fizure 5. The imidz] hardness of A1100-0 was approed-
marely 43 HW. Afrer shearning opsaration the siram gener-
ated on the cut surface resulied m the maessmg of hard-
ness 0 be spproximarely §0 HYV [12]. I can be seen that

faltsheiing Uparah larger in comiparizon to those on the sheared surface Fur-
E‘ﬂ?llﬂ'h shaazing divaccoz ER“m-h shaoming diraction ther, the halfshaving direction rarely affected the cut sur-
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| . = Flgura 5. Comparison of the sirain dsirbuiion analysls (Gl = 1%,
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5 &'1 [j Stress Distribution on Shaving Cperafion. As shown
¥ = in Fignre 6 (a), it was observed that the punch shaved the
& workpiece from the lage chip to the small chip, in the case
= P of shaving in the parallel shearmg directien in which the
Afoaw siass P} A= 190, 5= 54,C= W.D=TLE=8.F = 190 shaved chip stempied to bend Therefore, the tensile stress

was easily gensrated on the shaved surface. On the other
hand in the case of shaving in the reverse shearing direc-
non, the panch shaved the chip from the small to te largs.
Thus resulted in the shaved chip moving sway easily. Thus,
the bending feapare was not yet generated Therefors, the
tensile stress generated on the shaved surface was small.
As the shaving pepetraton increased, the bendme feanmre
was genarated an bath cases, as shown in Figare 6(b). The
formanen of the large shaved chip on the half-shaving
operation in the case of shaving m reverse shearing direc-
rion made it difficult for the shaved chip to move down-
wards and it does attempted fo bend This resulted in the
zeneradon of 2 bendme fespre. As a result the smess
disimbution zenerated on the shaved surface was simdlar to
some extent in the parallel and reverse sheanng directions.
In additon, in case of large half-chaving penetration, the
same shaved chip formamons could be observed and they
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were formed over the die m both cases. Therefors, the
same level of siress dismibution was obtainad.

The result elucidated that the selection of half~shaving
peneration affected the soess disimibufion in the shaving
operation. The bending faanre was easily gepsrared on the
shaving in the parallel shearinz direction resulted i the
crack formations were slso easily formead.

Shaving opqration
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Flgure 7. Companson of FEM simuiation and expenmental resuls
(Ch = 1%, Cig = 0%, Dy = 0.3 mm, Hall-Ehaving penefation =
2.3 mm).

Validation of FEM Simulation Resulis. The FEM
smonladon resalts were validated by laborafory expes-
ments oo the half~shaving apd shaving operatioms, as
shown in Figure 7. Fegarding the balf-shaving operation,
the FEM simmilation results showed zood conformity with
the experimental results of the half-shaved chip. In addi-
tton, the FEM sinmilation resulis also showed good con-
formuty wath the expermmental results oo the shaved sur-
face of successful and vmenccessful cases [11]. The emor

steal ressarch int 81 2010) Mo, 8

of the shaved surfare feanwe analyzed by FEB was ap-
proximately 5% in contpearizon to the experimental results.
Conchrsons

The shaving divection effects in the reciprocatng shav-
ing process were imvestizated using FEM. Further, the
resulis were validated by laboratory experiments. On the
half-shaving operation, the FEM siomlzton resulis
showed the difference in the siress distmbuton wit re-
spect to the half-shaving directions. The reverse shearmg
direction resulred in 2 bending fexmre and the rensile
smess was easily generated on the shaved surface which
resulted m easy crack formeton The guality of surface
ronghmess and hardness were also examined. If was foumd
that the half~shaving directoon had no sigmficant effects on
the half-shaved surface roughness and hardness. However,
the half-shaved surface roughness and hardness was bemer
in comparison to that in the sheared surface. On the shav-
ing operafion, it was found that owing to the different
shaved chip formation sizes, the bending feature and fen-
sile sivess on shaved surface were exsily gensrated in the
caze of shaving in the parallel shearing direction in com-
parison to that in the reverse shearing direrdon which
resulted m easy crack formadons. In addition the FEM
smonladon results showed 3 good agresment with the ex-
perimental results.
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