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A grinding g r i t  may be simulate2 w i t h  a two dimen- 
sional cut t ing edge heading d i f fe ren t  rake and clearance 
angles a t  its two opposite ends. Attention is confined, 
i n  t h i s  preliminary study t o  a force-chip phenoaaenal 
study of reciprocating a t  zero nominal depth of machining. 

Tools of negative rake angles were m a d e  t o  move over th in  
f r ee  machining brasa p la tes  i n  the dry cu t t ing  conditions. 
Testa were continued without any reconditioning of the 
machined surfaces. Forces and chip thicknesses variat ions 
were revealed f o r  several  cut t ing and return sttokea carr-  
ied out a t  the  same nominal conditions. 

Appendix 1 gives the design, construction and cal ibrat ion 
of a new two force dynamometer elaborated by the authors 
during their present research i n  the Laboratories of Pac- 
u l ty  of Engineering and Technology. Menoufia University. 
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For the horixontal plane grinding operatiom, the 
abrasive g r i t s  transverse and reciprocate over the work- 
piece surface. N e e d l e s s  t o  say, t h a t  such action involves 
the we of abrasiva grains with varying rake and clearance 
angles. 

In an e f f o r t  t o  simulate t h a t  condition, two diwnaional 
single point tools were made t o  reciprocate over workpieces 
fixed, i n  turn, on the vice of a milling machine employed as  
a planer. That cut t ing action, though perfonned a t  a low 
cutt ing speed, would shed some l igh t s  on t h a t  of grinding 
process. It remains to be aeen whether the grinding action 
would involve material rebound a f t e r  cut t ing o r  permanent 
recovery ur the oase found for  cutt ing with those negative 
toole (1),(2). 

Free machining b r a e  specimens of dimensions ( 9 . 0 x 1 5 x 1 ~ )  
were fixed on khe vice of a r ig id  milling machine wed aa 
a planer. The chemical composition of these plates  are (60865% 
Cu, 30:35% Zn and 3:4% Pb). 

High s p e d  steel orthogonal tools of cross section 2 W 0  rpm 

pnd 90 rn length w e r e  ground with varioua rake angles c& e0, 
-65' , -75' add a comaon alearance angle of 9'. Tkeae tooLs 
were traversed along the workpiece width. The plates  w e r e  empl- 
oyed aa received i n  the rol led condition. 

'Phe wqr&piece plates  w e r e  moved underneath the tool  i n  
a reciprocatory fashion. Both the horizontal and ver t ica l  for- 
ces w e r e  recorded by means of a special ly  design& dynamometer 
(Appendix 1). A l l  the cut t ing tests w e r e  pertornred in the dry 
condition a t  low cut t ing oped of BOanm/nuin. 91 the actual 
cutt ing and return strokes w e r e  pezfonoed a t  nominal depths of 
6Wt eQu11 t o  siem eriQ0 *a f i r s t  prelinrinu3ly stXOke Wilill @or- 
Icsmd. 



1 - Cutting stroke a t  the leas t  nominal depth of cut of 
the machine (0,05 nun), were performed w i t h  the conventional 
rake face of the tool ( L e o ,  with -5S0, -6S0, -75*), a t  cutt-  
ing speed of 809 mq/loin. That cut was performsd t o  ensure 
that the tool edge would be touching a l l  the workpiece sur- 
face fo r  bet ter  teem. 

2 - The direction of the motion of the willing table wire 
to be reversed taking a nonrirul depth of cut  zero, (a-e., 
without any re-ad juetmwt of the table). In  such a case the 

return stroke was to be performed by passing a t  the old clear- 
ance face of the tool which would represent the new rake face 
of an angle -Olm. 

3 - After these preliminary step, record8 were made f o r  
both of the cutting s t rdre  w i t h  nominal depth of cut  of zero. 
!l'he to ta l  number of round strokes after t3m preliminary, were 
four. 

4 - R Q C O Z ~ ~  were allQle for ~ O Y C B B  and ahip thidknOsr during 
cutting strdles ,  and for a e  forces only during the return 
stroke. 

1 - No c h i p  were elaborated for  any of the return strokes 
with a rake angle of -81°. 

2 - For the preliminary cutting strokes, chips were found t o  
be discontinuow. 

3 - For I%e-actual cutting strokes, the c h i p  were found t o  
~ M B  severely curled and continuou. 

4 - The quantity of chips were found t o  be smaller as the neg- 
ative rake angle increase. 



5 - For the same cut t ing tool ,  the chip thickness, waer found 
t o  decay a@ the pasa number increase. 

6 - Surface brightness waa found t o  increase with the 3ncreaae 
of the negative rake angle. 

RESULTS AblD DISCUSSION 

Fig. (1) allow8 the? relationships h-+.naen horizontil. force 
(Pel and the cut t ing stroke number (nl) f o r  varioua negative 
rake angles a t  a constant clearance angle of 9.. A decrease 
i n  the horizontal cut t ing force was noted with the increase 
of the pass number of cut t ing stroke, and f o r  higher negative 
rake tools. W s  is logical ,  since the amount of chip renroval 
is greatex f o r  a less negative rake angle t oo l  irnd a t  a onuller 
c i t t i n g  etrokea number (nL]. 

Pig. ( 2 )  shorn the relationship between the th rus t  force 
coanponent (F+) JfrCl the dutting strokg, (nL) gcrr d i f fe ren t  v d -  
uear or negative lrrrlre aagles. Agan o decrreaae i n  the vaue 
af We #rut  force waa noted as the c u t u n g  otrdcc, number in- 
cneae.  Eioveve~, the thrwt force a t  a nominal zero depth of 
cut: increaree as the negative rake tool  angle increme. 

Fig. (3) show the relationship -tween the chip thickness 
(tc) and t h ~  cut t ing stroke number f o r  various negative rake 
angles h-55@, -65.). A decrease i n  the chip thickness vdlue 
w a s  noted as khe cut t ing stroke number increase and, w i t h  the 
increase of tbs negative rake angle. 

It is worth mentioning tha t  the cut t ing too l  of a rake ang- 
le  of -75O part icular ly  did not elaborate any chip. . . 

The existence of chip thickness a t  a zero nominal depth of 
cu t  i n  such a manner shown i n  Fig. ( 3 ) ,  reveals the existence 
of decaying permanent recovery f o r  the workpiece material a8 

cut t ing stroke increase (nl). 



Mowever, aa the negative rake tool angle increase more tbur 
-75' no chip elaborate a t  a l l .  Inatead, rubbing prevail and 
the material coming infront of the tool, would leave more or 
less  a t  its rear, a t  the same height provided that the side 
flow is negligible. 

Fig. (4) shows the relationahip betwcba the horizontal 
force and the return stroke nunbar (n2). It seenu, t o  be tha t  
the force value decrease generally as the return stroke nuPlber 
increase. In such a way tha t  for  i n i t i a l  return strokes the 
horizontal force increase as the negative rake angle decrease. 
On the other hand, the force value increase as the negative 
rake angle increase a t  higher return stroke number. 

Fig. (5) shows the relationship between the th rus t  force 
component and the return stroke. General trends i a  that such 
forces decreuse a t  higher return strdke number, and became 
higher ae the nsgative rake angle increiree. 

1 - Permanent metal seaovery decays w i t h  the stroke nunrber 
increase and f o r  lowex negative rake tools. 

2 - Po chip evolve for negative ~ d r e  angle8 more tkur -75. 
irrespective of the value of the clearance angle. 

Fe - Uorizontal force component per unit  workpiece width. 
Ft - Thrust force component per unit workpiece width. 
tc - Chip thickness. 
n1 - Cutting stroke number. 
n2 - Re$urn stroke number. 
t - Nominal depth of cut. 

- Tool rake angle. 
C1 - Clearance angle. 
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Appendix 1 

Dynamometer design, construction and cal ibrat ion 

Introduction 

The biggest deraign problem i n  dynanroaaeters is the  corn- 
promise between a dynamometer having a nigh s t i f f n e s s  and 
one having a high sensi t iv i ty .  

The pr incipal  on which a l l  dynamometers a r e  bases is 
one of measuring the deflections o r  e t r a in  produced i n  the 
dynamometer s t ructure  froln the  action of the resu l tan t  cu t t -  
ing force. 

In  a review of metal cut t ing dyniuwratetera, Repair (A1) 

suggested two parametere t h a t  a re  useful i n  ureessment eff-  
iciency of various dynamometer design, 

1 - These displacement r a t i o  rd(rd = xZ/x2) 

where : 

xL - dieplacenuant: mimured by gauge or  trursdwer. 
x2 - tool, ditbplacement. 

Such r a t i o  (rd) ~ h o u l d  be as  large a s  possible in  order t o  
obtain the  maximu output from the dynamometer. 

In  an e f f i c i en t  design, the  too l  displacement (x,) h should 
be as small s o  t h a t  the geometry of the cut t ing process is 
maintained; a l so  the dynamolneter a t rvcture  should have a high 

natural  frequency s o  t h a t  the poss ib i l i ty  of vibratio& is 
kept xninilnal. 

Design Theory 

The simplest: type of a two component d ~ m m m e t e r  is the 

canti lever dynamometer which is su i tab le  f o r  the employed 
%chime i n  the  QUZtent t;erearchr 
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2003 holder is supported a t  the end of a cantilever. 

Vertical and horizontal deflections of the canti lever are 
deteloained by s t r a i n  gauge. 

Dyniuaqsreter construction 

Fig. (AA)  8haus the dynamometer construction. The hor- 
izontall component is measured by the **rain gauge (1) which 
is connected i n  a f u l l  bridge as  sham in  Pig. (a). The 
ver t ica l  cmponent was measured by usihg a s t r a i n  gauge (2)  

which is supported above the tool  which is connected i n  a 
half bridge as  shown i n  Pig, (A2) .  

marnometes Calibration 

IChe universal tes t ing machine wad, ut i l i zed  t o  ca l ib ra te  
the horizontal force component; That was achieved by apply- 
ing machine load8 above the tool  end. Record8 on the dynarm- 
omte r  chart would, hence represent the corresponding loath. 
As for  the calibration curve fo r  the ver t ica l  fame component: 
a dead-loading technique was called for. F i g .  (83)  gives the 
obtained calibration charts f o r  the horizontal and verSt;ical 
force caponents. 
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Fig.<l) 





CUTTING STROKE 

f i s ( 3 )  



Fig. (4) 





SPCCIU~ Strain Gauge Dynamom etc r 



I 
a- ga1f 'Bridge strain gauge for noasufng Ft 

b Ful l  Bridge straid Gauge For Measuring Fe 








