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~ plane mode]. The equations represent1no the period1c cutt1na forces can - _

system cons1st1ng of an axia] force ‘and torque, is quite comp]ex and T

iments. Hence a set of. exper1ments are perfbrmed to estab11sh a mathe- . "n\"_ .

c.a piezo-e]ectr1c transducer, mounted on a spec1a]ly des1gned dynamometer

, . B - ! .
4 ' \ :‘ “ ',- ABSTRACT , '\ N ~ ‘ . . i M ., i . v .
An AnalyticaT and ExperimentaT Stochastic Modeiﬁing of the S

Resultant, Force System in BTA Deep-Hole Machining and
© 'Tts Influence on the Dynamics of the -

Machine Tool Workpiece System . : .~ . ., - %

Srinivasan Chandrashekhar - IR :' Ce . R
* Concordija University, 1984 PR ‘ A R
s v, ~ B - . . .‘ ‘ . L . N .' . ‘., v‘ . :\\‘\

This 1nvest1gat1on examines 1n detail the interactfon‘between the
cutting tool and the workpiece in: BTA mach1ning Equatfons to represent .

the mean and per1od1c cutting forces are. derived us1nc the thin shear

.‘2 be used when a chatter analysis of the. mach1ne ‘tool’ system has to be. L

L
\ W1 Se, oAby
M . .

carried out. In this 1nvestigat1on the reg1on of 1nterest 151the‘non-.

chatter zone. A theoreticaI aporoach to describe the resultant force

1mpract1ca1 Moreover, the character1st1cs of the random]y vary1ng resu]- e

-

tant force system can-only: be determined by perform1nq a ser1es of exper--_‘j‘
mat1ca1 model for the- resu]tant force system These are carried out us1ng

The .data recorded from ‘the dynamometer are ana1yzed aﬁd“a mathemat1ca1 AR : E;h

- ey,

model is estab11shed to represent the resu]tant force system N . 5, ?

. . -
- P N . ~ o . A

The effect of the resu]tant force system on the dynam1cs of the “:»1;9

\

mach1ne tool is obta1ned by the der1vat1on of a system mode1 using

A

Lagrange s equation and assumed modes method. ~ The splut1ons to ‘these = R

L

. PEEN
e P e, ¥ .
AR e K3 B0 e s

equations are comb1ned<us1ng vector add1t1on! to'obtafn'anreXpression :“
which describes the tool tip motion, for the case of‘a rotatingncutting~;neu S
. '(‘ " “ . ' ' ' M ] ‘




[ J \ -
S \ .‘ Q. L ‘ - ' H ’ '
,f* toe . Y A B |-
vl , \ . . . . o ‘,L . . I8l ‘. N . | ’
\ . 1 —— ) Il , . . . . ; . , o . .
: . PR . ' : . RS | P ' N . “ .
v, . ? - ’ ! [ ' 3 ’ | . L
. ' * P : 1
P N ' A o Lo f 62
. tom stat‘l nary workp'lece system. Based on the too] tip motion, a ;
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v e recomé"aatfbn is made on the deve'lopment of a micropro'cessor based ?,
. " adaptive contro'i Also, an fndex to define ‘the roundness error is s g
M ! ' - { 2
' - e presented .The undness error obtained from this 1ndex for certain , . 3
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NOMENCLATURE ' -

a, ©amplitude of tool oscillation

s

Ea)

a, f 'amp11tude of wave on uncut surface - [mm) e '

Alt) amp1itude of v1brat1on of the cutting 681 ;. ; . “:' E o . ,é
boring bar system - - S ﬂﬂﬂ] SN f“ ' ;E

_A(t) amplitude of vibration of the spindle work- - . = :
) ' : N - L . L #
piece assembly : ' . ‘[mm]~ JEPE A

ACRFE . adaptive control of random function excursion. —— - -,

e vt
RN A

c parameter representing material effect =~ [m]. . ;
. constant R -

constant
b ‘equivalent viscous damp1ng of the bor1ng . o
' bar cutting tool system =~ T g : '\[Nféeq/h} —
C equivalent ViSéOQS‘dampﬁng'o% thezsp{nd1e I | B

J workpiece assembﬁy : o o [Nrgeq/mj‘

v

CLA " center line.average

LI

¥
qwi.&::: ey e

CLAGF center line average 6f genera]izédjforée ) - oL

1
’
E]
+
s
N

\,.
G E e e e

¢ diameter of the cutting tool ~ . h '[mmji

-

* diameter of spindle-wofkpiece-aséembiy . R Dﬂﬂj -

(7]
f

i

[T

d
E -~ Young's modu]us of steel . : . '_‘ C L INmR,
) , . .

'
-

3

S .

.
< -
s S
S‘a&z:’"i“"ff

1nstantaneous va]ue of feed

. ,
Tl kR

f mean value of feed. e T LT Dﬁﬂ[PEV]‘ sl

.
-1 %
e~y

‘FT e tangent1a1 cutting_force _— -'.f;' “' B i‘ [Nj.

b

Fo- o - radial cutting force - . S T Yy

FL axial cutting force- -*°. - = -7 ool [N]
Feo .. mean tangential force - . .- . . NIl
- - LN, i '
- R - , f N %




‘curve

mean radial force
mean axial force : RN
resultant mean axial force
peak axial force

mean tangential force on an-incremental
thickness "dr"-of the cutting tool

mean fhrust force on an incremente] thickness
"dr" of the cutting tool ’ ’
mean radial force on an incremental thickness
"dr" of,the cutting tool | ,‘4 wt
mean sﬁeae.forde on an incremental thickness
"dr" of the cutting top] ’ . o

- )
mean frictional force on the incremental

‘thickness "dr" of the cutting tool ’
‘mean normal force on the incremental

_ thickness "dr" of the cutting tool.

modglus of rigidity

. area moment of cross-section of beam .

. mass’ moment of Yinertia about transverse axis

mass moment of 1nert1a of the cutting too1v
boring bar system-about the axis‘of symmetry

mass moment of 1nert1a of the sp1nd1e workp1ece

. — &

assembly about the axis of symmetny

polar moment of inertia

slope of shear stress compressive.strength

&

e length of boring bar-Eutting tool system

IN]
]

. [N

[N]

[N]

[N]

CIN) -
]

N]

[N]

(N/m?]
[m*]
(kg-m?]

" [kg/m?]

[kg/m?]
(m*]

[m]

3ol ilsnd endds bﬁﬁdﬁd‘w‘

c

——,
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«

“RPM of the cutting tool

(Pl

‘mass per unit length of the cuttmg tool bormg

. . -

" bar assembly . - " o 2 \ .
. mass per umt 1ength of the sp1nd1e-workp1ece '

';assembU A j A )
' mean crest excurs1‘on o

mean crest excursmn of the generahzed force

“

mean va] ]ey excurs1 on

' mean valley. excursion of the generahzed fdrce

number of d'astinct va]ues of >\ if or‘ Aif

" number of data points C

'géﬁéra]ized force signal .,

"jassembly e

number of distinct values of A or [

probability distribution of crest excursion
probebi.h’ty dist;rib‘utjon of valley excursion.

- probability distribution of crest excursion of
, ) A 1 oT,

. probab1hty d1str1but1on of vaﬂey excursion of

-

T generahzed force signal

pr‘obab1hty density function of the logam thm

f the amp'htude of vibratmn of the cutt1ng too1
probab111ty density functwn of the phase angle .-

S

.,

amph’tude of Wbration of the sp']nd]e workpiece )

' between the cutting tool vibration and the ax1a1 force
' jomt probabﬂity dEns1ty function.of the elements of y
' ';probabﬂ'ity density function of the logarithm of the

=,
.

- '“':M- »



P
. R

‘RMSVEGF

t
T '
% ..

(0 ,t)

ps (es!e )

o -

1(dRm)r ’~ .-

.~.Rf(T} g

-

| RMSGF
' “RMSCE
- RMSCEGF

- RMSVE.

N \J .
-root mean square valley excursion of generalized:
force .
time

Rl

TRMS,

oxviii-,

- TP

probab1T1ty dEns1ty function of the phase ang]e"

between the splndle workp1ece assemb1y and the '

r

ax1a1 force

jO1nt probab111ty dens1ty funct1on of the random
Var1ab1es es, and es

1ength of the ith. step

resu]tant cutting force on the BTA 400l

meqn resu1tan§ force on an 1ncrementa1

thickness-"dr", of the cutting tool

<

. auto-correlation function for resultant

a%i;1 force

auto;corre1ation function fo;'fesuTtant torque
fabt mean sqhare value | !
root mean square value of the generalized force

root mean square crest excursion

root mean square crest excursion of generalized ‘

]

force

root mean square valley excursion

mean cutting torque acting on the cutting tool
- resultant torque
'-’peak.resultanf torque

. cutting ve10c1ty

f1ow ve10c1ty of oi] ch1p mixture -

o rake angle of the cuttlng tool

.o . .
e L I s N LRI <. Tk A Lot e

. ;mm3~s.= .
IND .

[N

[sec]
[N-n]
[N-m].
[N-m]

“[m/sec]
‘[m/sec]

[rad1ans]

-

o, N . N
5 B E e -
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AR CNEP T approach ang]e of the ith step
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. O f-;" ~work1ng rake angle of the cutt1ng tool = *"[radiéns].: 'i BRI

a0 h: rake ang]e .of the too] at a distance '““'_

r R .
S .‘from the axis - ‘:'1.. o S [radians]-
'gé _‘4;: ‘.fr1ction ang]e at a distance e from the © “"f - - o

. axis of the cutt1ng tool T L . [rddians}
Y ST " mass per un1t vo1ume ,' f' '”‘ o -0 [kgMm ) BT

. -
' [radians]

1 . ‘ N X Pl
80 . work surface and also ‘the s}ope of the surface A
S qenerated s L j, ' IR "”‘;;-.;"
. [AX]av #verage "x" component dev1at1on of the cutt1ng 't;

e L tool t1p re1at1ve to the sp1nd1e workpwece assemb1y [meterS]*

[Ay]av'_"ﬂ average nyn. component deviation. of the cutt1ng L T

“too] t1p re]at1ve to the sp1nd1e workp1ece assembly [meters]‘

i

Iy

x-max& o max1mum "x" component dev1ation of the cuttang e : -

too] t1p relative to the’ spindle- workp1ece assemb]y [meters] a f f‘ '?:i'

'[ijmek . max1mum "y“ component dev1at1on of the cutt1ng e oo h . :
' too] tip re]at1ve’to the sp1nd1e workp1ece assemb]y [meters]l

"[Aé]min - m1n1mum “x" component dEV1at1on of the cutt1ng

. tool t1p relat1ve to the splndle-workp1ece assembly ENEtGFS] o - ;
[A;]m%n :’Im1n1mum "y"‘component dev1at1on of the- cutt1ng '_ - i ;A :~':a: ng?
o .tool tip relat1ve to the sp1nd1e-workp1ece assembly [meters] 3:;;:?“,:{i';3
EAR]max max1mum va]ue of the dev1at10n of ' the cutt1ng / L Lo p' .:i:‘;i'ié .
AR tool t1p re]at1ve to the sp}ndle-workp1ece assembly EMEtEPS] , ']:'il. ’3. .
;ARjaQ‘“:” AVérage velue of the dev1at10n of the cutt1ng o f i' 3' - |
- ' :tool t1p reTat1ve to the sp1nd1e-workp1ece assembly[mEterS] o :'
| A L
‘ \ .- - , ’ o



sﬁéx: i angle made by [AR] w1th the Xh ax1s

s
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) : [AR]min m1n1mum va1ue of the dev1at1on of the cuttﬂng/ .

- R , too] t1p re]at1ve touthe sp1nd1e-workp1ece assemb1y [meters]

[rad1ans]

Lo '<§ ,.e&;’Z:,;‘ angle made‘by\[AR] Wﬁth~the X' axis o [rad1ans]
. ! 4.7%6ihﬂ;,fi‘ angle nwde,by [AR]m1n w1th the X ax1s e . ‘ ‘[radians]
| A: l~"c% (‘i . general1zed co-ordJnate ) {_', L | “ ‘,

Lo T fa‘h.*ij";_ genera11zed co-ordinate ‘-: i" , ST T
.'“»«{~6 ! 'L' phase angle between uncut surface wave and’. ',' ' -‘{i o
o . .TQI,Z"'.' t001 osc111at1on L o i [radians]

e T e ‘generalized co-grdinmate- - Y
" chip compression factor . - . .

_ e w0 co-efficient of friction
e S :

2

. : u o .
t R S
: E N genera11zed co- ord1nate LT

S T L." shear strength of-materta] ,,”

-
o

‘

v e S stress R ;o o

B vl

L e

" of fr1ct1on with' angu1ar Ve10c1ty y El
: S 7N S 1nstantaneous value of shear angle “‘“

. mass per un1t 1ength of ch1p 011 m1xture '

o . shear strength of mater1a1 at zero compress1ve

ﬂ; - - relative to the mean cutt1ng dlrect1on .

k3

ST e ' ax1s of the cutt1ng too]

.

S frequency of osc111at10n of tool t1p
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