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INTRODUCTION 

3-Ja ..... chuck.s, particularly scroll chucks are most frequently 

employed for clamping ring - shaped and cylindrical ..... orkpieces. 

This leads to some deviations in shape in the turned components, 

this deviation is affected with many parameters, such as, 

gripping forces (clamping Torque ), centrifugal fo rces of t he 

rotated Jaws; specially at high r.p.m. values, types of contact 

between Jaw faces and the workpiece, stiffness variation of the 

work~iece; chuck and spindle, see Figure ( 1). 

Some of the mentioned pa rameters were i nves t igated before in many 

works (1, 6,12 J, but only for solid cylindrical turned components. 

~ 
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'unt o .. Ctl nt tl C_uC) . l fcrce. 

Figure (1) Acting Forces during clamping 

The shape of a cylindrical workpiece machined in a lathe is 

dependent on the type of clamping, specially for manually 
operated chucks [3,5,9 ). The causes of the deviation in shape 

have been described by many authors (1-9) , but only for solid 

cylindrical component. 

In this study, the different parameters affecting t he final shape 

for internally turned components will be analyzed. A' general 
analysis of the problem has been carried out to predict the shape 

and amount of deviation. 
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For intern~lly turned components, measuring the geometrical 

accuracy is very essential in the evaluation of the product and 

the machine itself. 

However the scatter of results obtained for the same product from 

the same machine are so wide that those standardization ma y be 

considered to be quite far from perfection, because they failed 

to consider some important points in the chucking conditions, 

e.g. the chucking for~e, the chucking length (1), the types of 

contact between the Jaws surface and the workpiece, the number 

of Jaws in the chuck as investigated for sol i d cylind. components 

[4 , 51. 

The problem occurs specially when clamping thin walled component s 

which require exact control on the gripping force within a nar row 

band for secure l y c lamping and to avoid any undesired deformation 

in t he form of the clamped components. 

GRIPPING FORCES 

The gripping forces in 3-Jaw chucks are proposed to be constant 

during the cutting action. The required gripping force depends 

on the type of the workpiece to be performed and on the working 

conditions. 

During the cutting action and due to the rotational speed of the 

chuck and its elements (Jaws), a centrifugal force is generated 

acting on the Jaws in the shown direction in Figure (1), which 

affects the total gripping force. 

During cutting, the chuck and the turned component are sub jected 

to centrifugal forces due to . the masses of the three j~ws and 

their location to the center line of rotation. This force will 

relief the workpiece i.e. the gripping force will decrease by a 

certain amount. The variation in the gripping force will be 

affected by the variation of the spindle rotational speed. 
Progress in machining technique has made it necessary for safety 

reasons not only to determine the necessary gripping force but 

also to know and consider its change with the increasing in the 

rotational s peed. 

---- -
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The forces and mome nts generated by the machining operation mus t 

be properly absorbed and transmitted by the chuck. The chuck 

accomplishes this task mainly by producing a gripping force . 

The gripping force (Fg) is the arithmetic sum of t he r adial 

forces (FC, cutting force and Feent. ' centrifugal force) exer ted 

on the workpiece by the jaws. The initial gripping force (Fgo) 

prod~ced when the chuck is stationary, and it is controllable. 

Fgo = Fg ± Fcent. 

- for external clamping. 
+ for internal clamping 

The feed force and the passive components are not included in the 
description. 

At high speeds, the gripping force of the rotating chuck is 

generally influenced by the centrifugal forces of the Jaws. These 

forces must be considered in the determination of the initial 

gripping force (12). 

The shown Figure (2) illustrates the variation in the gripping 

force due to the effect of the centrifugal f or ce of the rotated 

jaws against the rotatio nal speed of the chuck. 

The gripping force decreases wi th the increa se in t he r ot a t ional 

speed for external clamping within a range f or a minimum and a 

maximum centrifugal f orce. The gripping fo r ce s s hows an 

incremental performance for internal clamping. 
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Figure (2) Influence of the centrifugal force on tbe gripping 
force. 
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of the gripping force is determined The performance 

experimentally by the manufactures of machine too l elements for 

each chucking system. This leads t o the 

the maximum permissible ro~ational 

(2 ,1 0 , 12) . 

importance o f 
speed f or 

cons idering 

each chuck 

The gripping forces must be determined for any c l a mped component 
cons i der i ng the effect of many parameters, such as, material 

dimensions, ~orking condition and the clamping cond i tions. 

Aluminum Test specimens were clamped in 3-Jaws and 4-Jaw8 chucks 

under diffe rent clamping torques t o predict theLr deformation in 

shape under these clamping torques. The r e su lts for internally 

turned components are illustrated in Figure (3a-3b ) . 

The performance of the deformation has two clear zonesi the 

e l astic zone in which the deformation in the clamped component 

increases linearly against ~he c lamping torque, this deformation 

could be released by taking up the clamping torque depending on 

the stiffness of the component, the second zone is the plastic 

zone in which the characteris tic performance of the deformation 

is non linear depending also on the stiffness of the components . 

The hole deformations in the geometrical shape o f the tes t 
components under different clamping t orque in the ela~tic and 
plastic zones 

Figure (3a-3b) 
dete rmi nation . 

(wi thout re l easing the clamping) are shown in 

to ensure the importance of clamping force 

For Brass i nternally turned component of 50 rom diameter (0), wall 

t hickness (t) 3 mm and total length of 35 rom, the variation in 

the geometrical form of the Brass test piece due to the variation 

in the clamping torque is presented in Figure (4). 

The diff erent clamping possibilities for internally turned 

compon~nts and the effect of these possibilities on the 
geometrical form of the clamped components should be separately 

invest i gated to predict the deformation, stress and strain 

distribution on the clamped components and the clamping devices. 

A pilot test was carried using F.E. analysis for 3,4,6 points of 
clamping and collet clamping system f or hollowed components to 
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predict the geometrical .deformation as well as the stress and 

strain distribution on the test component as shawn in Figure (5). 

The obtained resu l ts prove the expected importance for such 

study. 

,ooor---------------------------------, 
1-t-,6 ... t. All>. 

." 
; 1200 

---e,:-1 
Lf;~ --~-l '00 

~oo I 9" 

• " 

Ilutlc aOO. I PIUUC , , " .ou 

N .• 

2000 

"'-
"00 

"00 , 
" 1 aoo. , 
! 

'.00 

• 

b_ 

@ , 
""' t . Al~. 

T ," ----r 
". ~o .. ~I. ,On ... 

-IN -r 
, , 

" ,. " ,. '.m 
b_ Cl ."",!~g tor,!". 

Figure (3) Effect of claaping torque 00 the defo~ation of 
ioternally turned coapon80ta. 

" 



~a nsou ra Engineering Journal Vol.19, No.2. June 94 M.1 6 
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,J CIlUCKlffC 

a. 3-jaw. chuck 
b . '-jaw. chuck 

Figure (5) r. s. Analysis for bollowed 
clamping conditions (Pilot t.st). 

c. 6-points of cla.piDg 
d. Collet clamping 

compODents under different 
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max. devia tion = 1.91 mm max . deviation = 1 . 12 mm 

Working condi tions: 

D = 50 rom 
t = 5 - 2 mra 
LID:: 0.1 

Chuck length = 15 mm 
Overhang = 20 mm 
CI~p. torque % 200 N.m 

Figure (6) Effect of rotational sp •• d on sbape during turning under 
con.tant clamping torque. 
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COMPONENT DIMENSIONS 
.The ratio between the diameter and the wall thickness (D/t) plays 
an importan~ role in the final shape of the deformed components, 

The stiffness of the solid turned components affects the final 

geometrical form of the product as previously investigated 

(5,6,8], therefore this factor must be considered for internally 

turned components, in which its stiffness is mainly affected by 

the ratio between the diameter and the thickness (D/t). For the 

sarne test piece, which was clamped in the elastic z?ne, the 

decrement in the wall thickness (t) due to internal turning 

process leads the components to lie in the plastic zone, causing 

a per.manent undesired deformations, which remain permanently on 

the outer surface . 

Figure (6) shows the deformation in the geometrical form due to 

the variation in the thickness (t) from Smm to 2mm under the 

shown working conditions. 

Due to this plastic deformation, the outer surface keeps the 

plastic deformation, but the internal surface wi l l be free of 

this deformation due to the internal turning process. 

When clamping a certain components using 3-Jaw chuck in the 

elastic zone, after turning this components internally, the form 
deviation due to the clamping will be compensated as illustrated 

in Figure (7a), after taking up the clamping force (releasing the 

components from the chuck); and due to the spring action of the 

components, 
in Figure 

the outer and the internal surfaces will deform as 

(7b), which leads to undesired errors in the 
geometrical form_ 

a. Un~er Claap. b. 
Forea. 

Release Clamp 
Force. 

Figure (7) Elastic deformation in sbape due to gripping force. 
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SPINDLE ROTATIONAL SPEED 

Progress in machining techniques has made it necessary to know 
and consider the change in the rotational speed a nd its effect 

on the gripping forces not only for safety reasons, but also to 
determine the necessary gripping forces and eliminate the effect 

of the rotational speed on the variation of the gripping forces 

during any cutting process as mentioned before and shown in 

Figure (2). 

Manufacturers of machine tools considered this point for the 

different ranges and types of chucks i.e. a performance curve as 

in Figure (2) for each chuck must be available for the proper 

selection of the gripping forces under different cutting 

condit.ions. 

A br:8SS components were internally t.urned under different working 

conditions s hown i n Figure (6) to predice the effect of the 

rotational speed on the geomet.rical form. It was clear that the 

variation in shape was affected mainly with the rotational speed, 

it decreases with the increase in the rotational speed, this 

decrement is due to the effect of the centrifugal forces which 

leads to decrease the gripping forces at high speeds, this suits 

the expected decrement in the gripping force to compensate the 

effect of wall thickness variation under cutting action. 

CONCLUDING REMARXS 

In this study a generalized analysis o f the problem has been 

carried out to predict the shape a.nd amount of deviation for 

internally turned components affected with the clamping 

conditions. From the investigation carried out in this work, it 

may be considered chat the tes ted condi tions are not. sufficient 

to cover the hole concept, but the importance of clamping 

internally turned components is now under spotlights. 
It may be suggested here that the following considerations are 

necessary: 

-The gripping force must be constant during the cutting 

process and be within the elastic zone of the turned components 

to eliminate the form errors in the geometrical form. 
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-The Dlt ratio and its yariation during the turning process 

affect the periodical variation in the stiffness which could lead 

t o undesirable results concerning the geometrical form. 

-Any hollowed components must be safety clamped within the 

elastic zone to prevent its entrance in the plastic zone due to 

the decrement in the wall thickness (t) during the turning 

process. 

-Considerably max. critical rotational speed for each chuck 

must be considered to minimize the losses in' the gripping forces 

during the cutting process due to the effect of the centrifugal 

forces. 

It is necessary nare to say I that there are some important 

parameters to be considered in further works, e . g. chucking 

length, relative shape of the inner face of the jaw with respect 

to the test piece and the number o f jaws and the effect of the 

machining conditions. A complete F.E. analysis should also be 

carried out to predict the stress and the strain d i stributions 

on the components and on the chucking system as well as t he 

expected geometrical deformation in the component.s concerning its 

st.iffness characteristics . 

.EFEREKCES 
/ -H. J. Wevtne.Ck.e . "Ope...<t.a..U.on.a..(. -t.<.m.U o~ Th-'l.e€.-Ja.w Chu.cJv.,." 4..tiJ. In..t. . MTDR . 
~~~-UK. 1963 . 
.! - G. Pa.g.t.Uz4Ch. & wQ.ltJ"l.€..Ck. "U~gen.. Ubvt. d.A..e.. GlleI'lzd.Jt.e.h.z;a.h,.t 
Ul.Itdbe..ta...U9vt D.I(e.L~" -W~ uru:L.ae...e..u:..eb. voL.94,#4. 196/. 
I-G . PaJt.,t..i...t:r.~ 8. W. He..U..w.t..9 " Rtutd. Un.d.. P.ta.n.ta.u..(,.bweA..ch.u.n.geft. beA.Jn. SpaflJ1.€Jl 
Jon. W~.in. DJte,L~" :r.~cfvt.4.t -6LVt. p/t~n.. wtd. 
~ Vo~.56.#4, 1966. 
t- ,I1 . Rahman. "E6-6ec.t o~ C.ta.ntp.in.g cof't.d..U:.Lon Oft .the Ch.a.U.eA. S.ta.bUUy and. 
liacft..i.n..Vtg Ac..c..uAa.c.Y" ~ 06 CIRP vo~.34 . I: I , 1985. 
5- ,10\. Ra.hma.rt. .. Fa.c.to lfA. A~t.i.n.g.tf1.,e .Ita.cJ1..Ut,i.n.g Ac..ct.vta.c,y 06- a P~on. 
:n9~9". VoL. 8, I: " /986. 
'-J1. Ra.h.ntan. "A S.tw:t!:l on.. .t..lte. Dev-i.a..U..on. o~ Sha.pe. o~ a. TU/VI.£.Ii WoJt.k.pac..e. 
:l.ampe.d. by ~p.te Ja.W4" ~ 06- CIRP Vo~. 38, It I, 1989 . 
1-W . Kon.A...9 & e..ta..t "S~n.:r.ep.t. 6Wt. daA. HQ..It.tdA.ehen. G-'t.O..v..e,..l(. 

t a..l..Z; .ta.9vvU..n.9" I rt.du4.t.-'t-i.£. D.£.ama.n..ten. Ru.rtd.4c.Jw.w I DR, Vo.t.. 26 .:; 3, I 992 . 
3 -.lt . RaJvna.n & '1 .I.t o "Sonte. H~y CO~OI1A 6-0.1(. .t.h£.. Dyn.a,m...i...c 
o~o.vnan.ce. T€.4.t. P-'t.op~ by ""TRIA" In".t..J-'t.. ,l(a..cJt.,{n.e. Too.(. De/.o. Re.4. 
Vo.f. . 21, # 1. 1981. 
~ -Y. Kctdowak..{. "S.tw:i.!:J 06- Cht..J..ck..Ut9 P~ D~on." /4ot. 1rLt. CO%. ,n. Hew .lta.rw..6actLvUng Te.ch. CMba. 1990. 
10 -R.W.We..tk. E-v....U.ngen./H " E~ Hoh.en. SC.Jtn.,(..U.-W~ wut. .Be,..t...,..L. 
vo.t. 115. II 1 ,1982. 

I-R.1ppoUt..o 8. e,·ta...t "PowUl. Ac..tu.a..te.d. TfvteL-Ja.w C~" ~ 0.0. CIRP 
Vo.t.. 34, # I, 1985. • 
, 2-F.{JuJta. Rofun GmbH "Pow~ Chu..chA a.ttd. Ac.tua..t.i.n.g C,y~" Te.c.nA..c;o...l 
E~on Jan. 1989, F~om Ro~n GmbH So~/B~z • G~~~ 

-- ----------


