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Abstract: The hypocycloidal flanks of the cylindrical geaette have the flank lines defined by length-
ened or shortened hypocycloid and the involuteilerofhe curved and bulged flanks have some advan-
tages, among them being the increased strengtlemdibg and controlled positioning of the contact im
print. The tooth flank generation has on the basesapplication of the technological process ofliml
using a cutting tool with multi-cutters by rollingith mobile line and continuous division. The paper
deals with basic aspects regarding kinematics, tangon, and running of the multiple cutters rmithi
head for processing teeth with involute profile angocycloid at flanks in cylindrical gears. Theotw
curves that define the flank, the involute and leyptoid, are kinematically and simultaneously gener
ated by rolling. The gears processed by meaniseoirtilling head had errors corresponding to thegdre
sion steps 8 and 9. The calculation relations antherical data in the paper contain the basic parame
ters that define the construction and the adjustneérihe tool, generation motions and geometryhef t
processed teeth.

Key words: multiple cutter milling head, cylindrical gear, ated flanks, closed hypocycloid, involute
profile, adjust parameters, tooth processing maehmotion parameters, main motion, real
cutting speed.

1. INTRODUCTION circle, helix, cycloid or hypocycloid arcs disposggn-
metrical or asymmetrical on the gear width [6].

The cutting process is defined by the cutting tgeh-
eration motion, and method of generation of theiute
profile, mode of profile repeating. The main motiisn
continuous rotation on the trajectory that defiribe
flank line. The line flank is generated kinematigals tra-
Jjectory of a point in the mean plane of the gerniegatack.

Many theoretical and experimental researches supply
data of the functioning behaviour of these teethhds
been proved in many of them that the executionigimt
and transmissions stiffness are not enough if ihas
applied to the flanks some modifications for dirahing
the flank and other elements (shafts, bearingssihgs)
elastic deformation effects.

The hypocycloidal flanks of the gears are defifgdd
by two cycloid curves: involute regarding the profile,
and a segment of the closed hypocycloid loop, tengt
ened or shortened, as flank line. The two curvesgan-
erated kinematically through simple motions, slyict
correlated by the generation kinematics.

A cutting tool of multiple cutters milling head tgp
subject of a Romanian patent [5] is used. The apfitin
of the generation process of the flanks requiresrgain
kinematic structure of the gearing machine. Thehimac
* Corresponding author: Splaiul Indepeng@#313, Sector 6, adjustment is achieved on the basis of some adgusti
$§?93§£§f§%r§§é§§ma”ia; functions that contain the technological (cuttinmeed,
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george.constantin@icmas.¢8. Constantin)g.dobre@gmail.com  constructive (radius, number of the cutter groupa)
(G. Dobre),jonut76@hotmail.confG.l. Ghionea) rametres [7]

The diversity of gearing types, forms and sizesgcpr
sion, productivity, volume and efficiency of prodion,
have determined the existence and utilization gfeat
number of machine types, processes, and toolfiht
generation.

The increasing exigency regarding the kinematic ac
curacy, smooth running and load capacity of gear[6g
imposed by their designation leads to the fact that
flank generation to be one of the most complexasgrf
generation modes. Regarding the curved tooth ackl ra
processing as concerns spur gears the technieadtlire
reveals information that proves interest in thiddi

The curved teeth in cylindrical gears represenbpre
cupations of many researchers presented in pagecs,
toral thesis and/or patents, among them being(d$lin-
drical gearing with curved and bulged teeth havenbe
developed and spread from the necessity of inargasi
the bending resistance and the load capacity ofatidn
(25%) in regard with spur gears.

The processing is achieved by milling with mono-
block or applied cutters milling heads. The flainlek are
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Dif
Fig. 1. Generation kinematics of hypocycloiclank.

2. KINEMATIKSOF HYPOCYCLOIDAL FLANK
DIRECTRICE

The flank lineD (closed hypocycloithh; — Fig. 1) is
generated kinematically in the plariéy] as trajectory of
a point belonging to the rolling curi which rolls in-
side the fixed basB [2]. The flank line<D' are generated
by transposing by rolling the plane cunD on the revo-
lution surfacex. of the workpiecegearP. The number of
circlesR corresponds to the ratig = Rz / Rr (Rg is the
base radius andr —rolling curve radius

Theseare positioned equidistantly inside the bB
and revolute simultaneously with the angular speg.
To each rolling curve two cutters are attached leamg
of a porttool support. The cutters have principal cutt
edges (s andTy) and secondary ones.

The assembly formed by the simple planetary ra-
nism (the base and thg rolling curves) and the cce-
sponding cutter couples attached to each rollingye
constitutes a cutting tool of multutter iy =3, 4, 5 or 6)
milling head CF) type [5]. The ctiing tool can b
adapted on the tooth milling machine FD 3-Cugir
[7]. The gearing formed from the baB and theiy roll-
ing curvesk and the revolution couples created in -
ing disk D, with the revolution axis irO, and in which
the rolling curves axes are materialized corresjantb
certain specific accuracy conditions: rigidity, nimg
without noise and vibrations, smooth motion, bask
free and modularization.

The involute profile of the flanks is also gerted
kinematically [1] as envelope of the successivétjpos
of the two cutting edge§; andT; [3], which materialize
in the median plane of the plane whP and in parallel
planes to this one the generating rack profileh the
reference lineNN tangent to the rolling circlCp of the
gear P. The reproduction of the profile is obtained
continuous division [1], in which case the revabat
motions of the tool with the speediz and wg and of
workpiecewp are continuous. &ween the three motiol
and their angular speeds some relations has tstb-
lished, which are imposed by the generation kinersg
one of them being of formw, =i, [, .

The rolling speed, between the workpie-gear (sur-
face X.) and the planeI],] expresses the generati
speed of the involute profile. The spey, is from the
technological point of view the speed of the tarigé
feed motion of the sadd&Tthat supports the to

The generation kinematics of the flanks imposes
existence of the three circular motions and lineen-
tinuous motion \;) supplied by four generating le-
matic chains represented in Fig. 1, namely: maingen-
tial feed, rolling for generation of the curD, rolling for
the involute profile The trajectries of the generating
motions are supplied by simple kinematic couplésifi-
bearing and saddiguide respectively existent in tl
kinematic structure of the teeth processing mac

The main kinematic chain adjusted through
change gears, / B, ensires the motion of each group
cutters on hypocycloidal trajectories. Thus, théticg
edgesTy andT; effectuate the main motion with thet-
ting speed tangent to the shortened hypocycloapc-
tively elongated, which are flank directric

The feedmotion with the speev; is obtained at the
end of the tangential feed kinematic chain congistf:
Mg ,— CA—GC; (pos. 1) L,— C; (1) —MT, and tangential
saddleST.

The rolling kinematic chain for generating the c-
trix hhy in plane ['p] is formed by:CF (Da) — L;- Dif. -
Arpo/Brp and workpiecé® (joint Op, npg). Hence, a second
condition of correlation of the revolution motions
fulfilled, having the form:

£pa =00 L [degrees], M
p

where gpq represents the revolution angle of the k-
piece for continuous division ardgp — revolution angle
of the driving disk of the milling heeCF.

The rolling kinematic chain for generation of |
involute profile is formed by the generating radkg
NN) atached to the planel'p], and consists ofl, -
Arc / Brc — Dif — ARD/ Brp and P (npr). The Botez
mechanimss formed by workpiec-gear and generating
rack defined in the mean plane. On the basis otlis-
ing condition of this kinematic chain 1 following rela-
tion is established:

— ¢D [:ST |]H [I’ad] ,

2
2y, (R, @

Pr

wheres; represents the tangential feed of the saST,
in mm/(rev.P); R — rolling radius of the workpiece, i
mm;z> —tooth number of the workpiece. From relati
(1) and(2) the revolution anglep of the workpiece
results, in radians, corresponding to a certaidee¢p, in
radians, expressed by the relat

_ _g | S
€p = Epy TE, _¢’D Zi(l-F 2T[|:R

P

J [rad], 3)

on which basis the workpiece speng is determined.
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The generation motion parameters are considered

constant in the cutting process. The rolling motime
tween workpiece an@F is continuous and motion along
the flank profile is discontinuous.

3. DEFINING THE REFERENCE PROFILE OF
THE COUNTERPART RACK

The reference profile of the counterpart rack [gee
sented in Fig. 2 in the Cartesian co-ordinate syste
S.(%,Y,z) . This profile has two cutting edges relative

to the axisO.Y, of the reference space width. The form

of profile is given very generally [8]; it includesprofile
correction on reference root (that generates aespan-
dent tip profile correction at generated wheel) angfo-
tuberance portion at the reference tip. The addandi
tooth of the generating rack todi,py is used for the
purpose of having the tip radius of the generatiack
tool p,, conform to the functional and technological
data. The same notations of the particular pa®, C,

C, D, E F, G, H are mentioned on the both right and left
profiles, but the position of this profile will mnsidered
by means of a specific parameter (factqr) This factor
has a value of +1 for the right reference profite al for
the left reference profile. The co-ordinates oktheoints
are given by the following expressions (4), (5) é&\d

P_
i
prPO?

XCA = kc 2
- X, cota,

2 5%
m a,
4

_L + h ot paPO tar(
cosa,,,

-k, p.p, Mcosa,,

I
4

X

cB [

X
X
( )+ X_. cota
~ cota,,

-k, p.p, McCOSA

prP0

2. (4)

D
cota prPO
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CE = kC ;
4
X = Xe ~K; (hfPO - thPO) mtanga.,;
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Al B B 'A
Fig. 2. Geometrical elements of the counterpart rack [@®fn
the planex O.Y, of the co-ordinate syster8 ( X,Y.,Z) .
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(6)

The independent parametedefines each portion of

the profile delimited by the particular points.idtin the

rangeuD[O,umax], where the maximum value is given
by the expression:

umax = kc(XcA - XcB) kl +

Tt
+ E_ prPO paPO 2

+\/X _XcC2+ cD_ch)2k3+
+\/ c ycF ch)z k4+

+\/ XcG _XCF F+ ycG - ycF)2 ks +
+ kc(XcG - XcH ) k6'

(@)

The values of the selective parameterare given in
Table 1.

Using these notations, the co-ordinates of therref
ence profiles of the counterpart rack are:

X, = % (U) =K [(x,, —u* M) k, +

. *
+ XCB - paPO I(2 +
paPO
+ (ch —u*h Biruprpo) ks + (8)
+ (XcD -u* m1Birmpo) k4 +
+ . + U B BN ) K, +
+ (xe + ur )k
Table 1
Selective par ameter s values
Part of the profile
(Fig_gi ki | ko | ks | ko | ks | ke
AB 1 0 0 0 0] 0
BC 0 1 0 0 0] 0
CD 0 0 1 0 0] 0
DF 0 0 0|1 0 0
FG 0 0 0 0 1 0
GH 0 0 0 0 0 1
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y.=y.(u)=y, k+ The cutting tool of milling head type with multiple
e ‘ cuttersCF consists of a group of cutter coupl& and
* - .
+] Y, +plm 1—coslf Kk, + S, that eguals t-oH = RB./RR.: 3,. 4,. 5 or 6, this aspect
Paro representing an innovation in this field. Eacheugroup
% 9 is attached to a rolling curv (Fig. 3) that rolls inside
* (ycc Tu ﬁ@ompfpf’)& * © the basisB adapted through a device to the sadgjl®f
+(x, + p* IEOSL,) Kk, + the hobbing machine, which has a tangential feed mo
+(ch +u* mqm:osxﬁpo)ks+ tion. During a rotation oDg in regard withO., each
+y. ke rolling curve describes, full rotations, the groups of
« cutters getting in contact with a consecutive cgpomnd-
z =7 (U)=0, (10) ing number of workpiece teeth.
5.1. Elementsregarding construction
ON THE GEARING MACHINE FD Each cutter has three wedges. One of them corre-
This has on the basis the generation kinematitiseof sponds -to the cutting eqqés,d_ for roughlng. and one to
hypocycloid curve generated in the pldie the cutting edgdr, for finishing. The cutting edge on

The tangential speed vector to the hypocycloida! tr the point is for roughing and generates the rodtsa of
jectoryv,, is given by relation the tooth. The cutting edgds andT, of the cutters gen-

erates the flanks of a clearance of the generatiog.

val= N2 +\2 , (12) The edgel, generates the concave flank andjenerates
| H| ey the convex one. Therefore, their active anglesdiffer-

_dXp ijp _dY, @D ent.
where v, = @ Andviy ' Each cutter group processes in two closed cleasance

ddp Cddp A
The final f f i that delimitate the tooth flanks.
€ final form of Speew, 1S The cutting edges belong to the rack angle p@ne

R, 2 R, R The hypocycloid MK (Fig. 4) generated in the
V| =2ty R - R) 1{@} + 2@ ECOS@% (12)  planes, results out-of-phase with the angigin regard

ith the h loidhMh (th tri 1]:
The instantaneous direction of the vectyr depends with the hypocycloidhMR (the geometric one) [1]

on anglep, and is expressed by its director cosines. The
vector v, is tangent to the hypocycloid loop generated in (Rs—Rx) Etind)D{—( R+ IMET'”) Dsin%%}
pointM,. and having the direction of the rotation motign tand, = .(13)

Rt iﬁg%-[) Ebosp%q)[)}

(Re- Ra)mosrbo{-
5. TOOL CUTTING EDGE GEOMETRY
The linear cutting edges of the tool wedges argueon .
gated curves to generated curve (involute). Thelire The angled, is the parameter of out-of-phase of the
profile is generated as envelope of the succegspse  active loops of the hypocycloid and is used foedein-
tions of the cutting edge (method of generatiomugh ~ ing the correction angle (adjusting angle) of thidimg
tangents). head.
For determining the angli, for hypocycloids gener-
Hn ¢ ated by points belonging to the cutting edges/]autation
program was achieved and run. The followings weresic
deredi, =3, 4,5, and 6n=1.5; 2.0; 2.5; 3.0, and 4.0 mm.

Fig. 3. Cutters adapted on the milling head rolling curve. Fig. 4. Kinematics of the two cutters in tooth generation.
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For the milling head adjustment, the rotation cente  Figure 5 shows the milling head having four groups
Oy, of the rolling curveR was positioned (Fig. 4) in re- of cutters adapted on the machine FD 320A. The ma-

gard with the axi©X;, (direction of the tangential feed) chine enables the generating motion executed bjotile

0 and workpiece-gear and the interconnection between
0

with distanceOg D = 2( Rp— Rg)sin2 , in mm. these motions. The machine kinematics supplies two

At the same time, the badBsrotation in direction of
arrow A with the angled; must be achieved considering

the relation

2 rolling kinematic chains for generating on kineroatiay

the flank line and profile, and also their adjustineith
change wheels. Thi, groups of cutters of the milling

head that follow hypocycloidal trajectories achiawe

1(Rs- Ry O, DR) . main motion. This motion is obtained as output toé t
Og i —5— (+arctar ‘—RR in degrees. (14)  main kinematic chain driven by the electric Moy, .
; ; ! AW Example: 5 A
dFo; the mentioned data the anglgvaries between 5 5[ z, = 65 g e 2
and 42'. wsl—J| m=4mm |
Further, for bringing the four cutting edges of tha- E |m ;=835 mm Ppd i
ters in the plan&,OpZ;, the port-cutters 1 is rotated in |15 1 V7 E
regard with the plate 2 of the element attachedhéo g | /7 P LY | 2
rolling curveR. This last adjustment is achieved for each % W= Pz [ ;"(ja 9
groupiy, of cutters. o :— “1 = //,7’ ” E
The length of the tangential saddle stroke is givgn B = i g
relation: LV % 1L AT 1]l <
' 8| AT A AT 1= S
3 F | 59 ol 2, gl o il I [
Lg = m(n+ hye m:otao)+ 5 /ji,—i’,x ’__//—'9"
1 5 5. (15) 12 e g S I gt I I I
Bl +2) - (s 20 - 23 ST

whereh, = 1.25 andc, = 0.25.
For rapid establishing of the stroke length, the- di

0 X 40 S0 s 0 80 90 'Im?lﬂilﬂiaﬂ

Tooth number z,

gram shown in Fig. 5 was achieved on the basielaf r Fig. 5. Diagram for rapid establishing of the stroke

tion (15).

length ().

saddle

Transversa

saddle Workpiece

Rotary
table

_ |
Fig. 7. Gearing with polyhypocycloidal teeth processedgshe milling head.
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In Fig. 7 a cylindrical gear having curved gearing
teeth is presented. The contact spot is formetigrcen-
ter of the adjoined flanks.

5.2. Machine kinematic chain adjustments

The adjusting function of the main kinematic chain
(Fig. 8) has the form:

A
B,

whereC,, = 1/54.282 is the kinematic chain constant.
For the constant, calculation the transmission ratii
iy, ...,ig ON the diagram (Fig. 8) are presented in Table 2

The speed of the rolling curves is adjusted int8@ssin the
field 72, ..., 720 rot/min (FD 320A machine) corresde
ing to the four values of the ratig=i,,= 3, 4, 5 or 6.

The rolling kinematic chain for kinematic generatio
of the hypocycloidal directrice of the flanks, dolesed be-
tween milling head and workpiece, has the adjustmen
function

=G, %, (16)
H
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Ao du f 17
BRD RD Zp ev ( )
Dif.
where Crp =9.6 ande/ f = 36/6 or 24/48. Fig. 8. Structural diagram of the machine and milling head.
The rolling kinematic chain for kinematic generatio
Table2  of the involute generatrice of the flanks, consgtitlialso
Transmission ratii between the tool and workpiece, has the adjustifoeict
tion
Nr.crt.| 1 2 3 4 5 6 7 8 9
Tooth | 125/| 24/ | 24/ | 40/ | 441 | 241 | 24/ | 28/ 12/ Arc _ 1 Ag (18)
number| 168| 45 | 41| 40 | 35| 24 | 24 | 88 30 Bra i, 0m B’
Nr.crt.| 10 | 11| 12| 13| 14 1§ 16 1y 18
Tooth | 3:4;| i, |1/60| 28/ | 1/2a| 281 | 151 | 21/| 217|  WhereCre =7.5 andA/By=2;1and 1/2.
number] 5:6 59 28 | 15 | 20| 21 The tangential feed kinematic chain driven by the
Nr.otl 19 | 201 21 221 23 24 28 electric motorME, is adjusted through the feed gearbox
Tooth | 1/24| 67/ | 18/ | 27/ | 35/ | 29/ | 1/40 C,. The mechanisrt, enables 12 steps of feed speeds in
numbe 5536 | 27| 48 | 29 the fieldw; = 0.25, ..., 22.4 mm/min. Corresponding to
E’i‘:;‘;']?'e: 4 lgiz,fi) Feed s, mm/rot milling head
c ven: >
z =65 Ela}‘;imglo =y
Sl S ERSER. Sown
J s,= 0.0333 mm/rot mill. head Nt
" Obtained:
'IE: 3 57= 053 mm/rot viorkpiece /
NN I 11 1irIs
o | g s LT L 7T
u N 18 i i
g AN 15 ra4r VY7 1L
NN b FALEdT/R /i /i
N = &0/
1IN N 2 / 4 fid
NN 1t s AL /
NSRS ;;79& 6
L RN N a8 LA 7
A\ N o AL 4
N2 & /
. N T
192, ,s[32071 17 foherrfreliste s pno i - AL (] 71 (12)lg 5,
) syes 8asR R = 0 3 N3 3-8 Res "
BRER BRI & EQ“Q{ﬁ & ﬁmg
g B - -~
Tooth number, z_ Feed s;. mm/rot workpiece

Fig. 9. Nomogram for determining the valuegpfon the basis dfp, i, andsr.
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the eight speed steps of the milling head, valnethé ing head adapted on the tooth processing machirse wa
field 0.0104, ..., 0.1866 mm/rot of milling head rksu  modelled as a multi-body system in order to emeasi

for the feeds; in 96 steps. the kinematic and dynamic behaviour.

Knowing the parameters, i,,, ands; the feed gear- On the main spindl_e of machine (Fig.. 10) a shaft.it
box and change wheels are adjusted for obtainieg thWas mounted supporting a bevel gear in contact with
proper value of the feed spewrd another one on a perpendicular shaft (driving dpiri

ratio 1:5). This is the shaft that moves the digvitisk D
carrying the satellite axes (lll, IV, and V) on whithe
satellites rotates spur gears in contact with the fixed

The radial speed kinematic chain is driven manually
or hydro-mechanically, the motion being transmitted

the saddle&s; by means of the screw-nut mechanSm i )
& by 5 crown. Together with the satellite axes there heeport-

Using this mllllng head as experimental model tools devices, on which the couples of cutters are
adapted on the machine FD 320A, one can process gea : . -
X . mounted and adjusted in position to reduce thererro
with external diameter between 50 mm and 125 mm ; N
. factor. The bevel gear meshing was modelled asna jo
having modulus between 1.5 mm and 4 mm.

The method and milling head were tested in the Ma-of rolling without sliding type (cone on cone fanet

chine Tools Laboratory of the Machine and Cutting beve] gearing or cylinder_ in cylinder for the cylircal

Tools Department, University “Politehnica” of Bueha geapr\lng). The mrc:del tree |s_a(rj1lopen_cha|n. d .

rest. The milling head could be adapted on othethto S Input at the main spindie an imposed motion was

processing machines of the FD family [4]. supplied, which corresponds in rad/s to the chasen
The displacement of the tangential saddle of thef"d speedvc = 58.3 m/min € (56.95 m/min, 72.1

machine on which the milling head is adapted, inedo M/min). This goes to a torque at the main spindig®
with a fedd continuous lienar motion. Nm. The cutting force was considered 100 N acting

o about full contact position between tool and woekgi in

The feed is considereds, :2—5’[[1:(%:2") cores-  the range (-3°, +3°).

sponding to the disk rotation with a certain a in During simulation, the program provides information
P 9 } . e concerning positions, velocities, accelerations,infpo
rad. For a complete rotation of the milling hedd) & trajectories, the forces and moments applied tattieu-

= 2(rad)i,, workpiece teeth are processed, while the saddlgations, the energies, as well as other data coimgthe
moves with the feeq =-S =2 mm/rot. of milling head. If ~ system, pre-defined by the software or defined Hy t

o) user [9]. In Fig. 11 the torque variation on thedpd

the milling head achievezp/iH revolutions, the cutter (disc D) at the cutting impact is shown. The maximum

torque is 126.8 Nm, with an increase of 77 Nm. The

variation of cutting speed at the cutting contactd) is

shown in Fig. 12.

groups take contact with tlzg teeth of the workpiece.
Therefore, the saddle feed is expressed by relation

S = qii, mm/rot of workpiece, (19)
H

and is the repeated position value along the refere
lines of the generating rack and correspondingwmk-
piece revolution.

On the basis of relation (19), the nomogram shawn i
Fig. 9 was realised. Knowing the parametgysi,, and
s, the value of feed, can be easily determined. This is
necessary in some technological calculations amd fo
establishing the value of the profile error (rougss).

The adaptation of the process and milling heachen t
tooth processing machine of FD-Cugir and Phauter fa

ily is done without significant kinematic or consttive Fig. 10. Milling head with three groups of cutters.
modifications [3]. The milling head is consideres a
machine device. SELE

6. MODELING AND SIMULATION OF THE 1.250

DEVICE ADAPTED ON MACHINE FD 320 A 1 000

The milling head was designed and executed as an
experimental model in four variants having= 3, 4, 5,
and 6 [4]. This enables processing gears (precidiass 0.s00
8) with diameters between 50 and 125 mm and modulus
m=1.5, ..., 3.5 mm. : :

For gearing running in gear testing of the procgsse 225 2,50 2.75 3.00 3.25
cylindrical gearing with polyhypocycloidal teeth stand Tine [E 00
with open mechanical energetic flow was designed an
used. The researches emphasized the formationasid p Fig. 11. Variation of moment on the disc D axis (body 1jhet
tion of the contact spot and the level of noisee Tiill- cutting impact.

D.750

0.250
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Tine [E 00

Fig. 12. Image with hypocycloid and variation of cuttingesgd
at the contact tool-workpiece.

7. CONCLUSIONS

The design of the multi-cutter milling head hasitsn

basis a simple planetary mechanism of higliacy.
For diminishing the errors some kinematical, carstr
tive and adjusting solutions were designed. ThenRid-

el of the milling head was achieved in SolidDynasnic
program for obtaining the kinematic and dynamicaaeh
iour of the device under variable loads given by tt-
ting force.
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paper contain the basic parameters that definecohe
struction and the adjustment of the tool, genenatim-
tions and geometry of the processed teeth.

(7]

The gears processed by means of the milling head

had errors corresponding to the precision stepxi®a

The kinematic structure of the machine for

polyhypocycloidal teeth processing is based onkthe-
matic process generation of the tooth flanks. Alingl
head with cutters arranged in 3, 4, 5 or 6 groupsvo

was used. There are four generating kinematic shain
the machine structure. The kinematic accuracy ef th

gearing of the milling head, disposing of ihegroups of
cutters, precision of adjusting, and rigidity otkine-

matic structure of the machine determine the pisEs

gear accuracy.
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