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SYNOPSIS

The project involves the design of & CNC Coordinate
Table thch is used for accurate positioning of prede£efmined
coordinates. The CNC .Coordinate Table is an iﬁproyement
of the conventional Coordinate Table and its speciai features
include Tchite lined guideways for more loaa c;rrying capa-
city, high grécision béll screws for linear'mot;on, speciglly
designed bearing cartridge unit for ball screw support, per-

manent magnent d.c. servo motors as drives, linear encoders

as feedback devices and a two axis CNC system.

" The different phases involved in the design of the CNC

Coordinate Table are as follows:

a) The Turcite lined guideways are designed based on the
forces_acting and material properties of Turcite and

cast iron.




b)

c)

d)

e)

£)

The high precision THK ball screws are selected based

on table traverse, mounting distance, critical speed

and buckling load.

‘Specially designed FAFNIR bearing cartridge units are

selected for high axial stiffness and ease of assembly.

INDRAMAT permanent magnet d.c. servo drives are

selected based on torque calculations.

Linear encoders are selected based on position accuracy

and table traverse.

A Kirloskar CNC system is selected based on type of

control required and the number of axis.

Thus the CNC Coordinate Table which incorporates high

precision machine elements, can be used effectively for

obtaining high precision components and higher productivity.



INTRODUCTION

The appearance of microprocessor based Computer
Numerical Controlled (CNC) systems-has brought about rapid
progreSé in the machining of sculptured surfaces and in the
manufacture and design of machine tools. <Computers have now
become.a vital part of automation. They control sténd—alone
manufacturingisystem; machine toois etc. The increasing use
of computer based systems in machinertools have enhanced the

production process and has contributed to the increase of

productivity.

The two axis CNC Coordinate Table being independent of
the machine tool with which it is used, will help job.
machining. The CNC Coordinate Table is a sophisticated
auxillary equipment for a machine toolvwhere éhe.latest
features of the Computer Numerical Controls are ihtegrated

with a Coordinate Table.



A Coordinate Table is an accurate device for posi-
tioning or location of a point in the céordinate system. A
conventional 2 axis Coordinate Table will locate a point by
normal ;otation of. hand‘ﬁheelg. A CNC Coordinate Table
locates a point on'the coordinate system with much more
-simplicity.and is more advantageous as regards accuracy and

speed of positioning as compéred to the conventional one.

High degree of operational sophistication of CNC
Coordinate Table traversing in X and ¥ directions, needs some

special constructional features worth mentioning.

The Coordinate Table is made up of three main

components:

(L) The table top
(2) The intermediate member

(3) - The base

All afe made of high grade cast iron of ISI grade GCI 15.
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The slides of the Coordinate Table are driven by

.variable speed d.c. servo motors with constant torque.

These pgrmanentfmagnet'd.c. sefvo motors are coupled to the
high preciéion ball screws using suitable couplings. Iﬁ all,
there are two ball screwg.ahd each is coupled to a motor, one
in the X-axis motion and'thé/other ih the Y-axis motion.
These high precision ball screws are suported by specially
designed bearing cartridge. units. The guideways are

lined with Turcite. The linear encoders are mounted for

~effective feed back reqﬁirements.

In addition to these constructional features of
Coordinéte.Table,_a microprocessor unit is added to convert
it inﬁo a CNC Coordinate Table. Hence a CNC Coordinate Table
suitable for two axis positioning controlled by CNC System
can be very effectively used éﬁ rigia standard Radial

Drilling machines or Column type Drilling machines for wide

..varied range of applications involving accurate coordinate



setting for operations 1like drilling, boring, reaming,
counter boring, counter sinking, tapping etc., in components
like heat exchanger plates, motor casings, automobile com-

ponents etc.

By making use of ‘this versatile CNC Coordinate table,
there can be a complete elimination of drill jigs, scribing,

marking out etc.

The other important advantage of this CNC Coordinate
Téble is easy installation on existing machine " tools,
moveable to other machine tools, less non-productive time,
reduction in inspection time, comparatively 1less skill
requirement, higher productivity and high repeatitive

accuracy.

Thi§ CNC Coordinate Table can be adapted to other
ﬁachining - operations 1like milling, contouring, profile
cutting.etc., by interfacing this with a more flexible CNC
System which incorporéﬁes the added feétures such as circular
interpolation, continuous path control etc., and also by

changing the table dimensions accordingly.



CHAPTER - 3

GUIDE WAYS

3.1 1Introduction and requirements:

The  basic function of guide ways is to ensure that.
the machine tool operative element carrying the workpiece or
cutting tool moves along a p:edetermined path, generally a

straight line. The major requirements the guide ways need

to satisfy are:

(i) To give exact alignment of the guided parté in all

positions and under the effect of operational forces.

(ii) There are to be means for compensating for possible

wear.

(iii) There must be ease of assembly and economy in manufac-
ture i.e. possibility of adjusting the alignment in

order to allow for manufacturing tolerances.



(iv) Effective lubrication must be possible},
(v) Good damping properties.

(vi) Low value of frictional forces acting on the guide way

surface to ensure less wear.

‘Based upon the nature of friction between -the con-
 tacting surfaces of the guide ways and operative element,

guide ways can be classified as:

(i) Guide ways with sliding friction -'slideways.

(ii) Guide ways with rolling fiction - antifriction ways.

In our design, we go in for guide ways with sliding friction.



3.2 Types of Slideways:

Depending upon the lubrication conditions at the interface of
contacting surfaces the friction between the slideway sur-

faces may be described as:

(1) dry
(ii) semi-liquid

(iii) 1liquid

Here, as-we go in for a layer of Turcite B (l.5mm
thick) between the 2 contact surfaces which requires a per-
manent layer of lubricant between them, the categorykof.slide

way comes under the third type.
Design of Slideways:

They are distinguished by a relatively high coef-
ficient of friction between the sliding surfaces. This
results in considerable wear, reducing life as well as adver-
sely affecting the machining accuracy. For proper func-

tioning of slideways it is, therefore imperative that the
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friction be kept as low as possible ' ring that a cer-
tain minimum amount of lubricant 'is always ptesent between
the sliding surfaces. Tﬁis is why we use>a layer of 'Turcite
B' between the siidiné surfaces (reduces friction to a large
extent);

i

The'combination‘of several flat slideways is often
used for‘transmittidg‘high supporting forces on long sli-
deways. '-Play adjustment or wear compensation ié'not automa~-
tié as in the case of vee slides and’ it is thereforg :

necessarj to provide an ad justable strip.

This can either héve parallel’faces, being ad justable
by meéns‘of laterally arranged screws or iﬁ cén be wedge
véhaped and adjusﬁable‘by longitudinal displacement. More
over as the tightenihg screws must keep the strips in posi-
£ion,-it_is possible that during the longitudinal movement ,
the screw$ will loose uhless they are secured by lock nuts,

in order to avoid excessive stressing of the adjusting screws




3.4 Calculations

Assumptions Made :

1. Maximum load on table
. Size~of the table
Specific gravity'bf material of table

Approximate weight of motor

Ul B~ W N

Stroke

a) Width of top saddle :~

Let the width of topsaddle be 'x' mm.

12

500 kgf.
630 x 630 mm.

. 7.2x10% kgf/mm3

25 kgf.

(250+250) mm=500mm .

The volume of top saddle, V = (630 x 55 x 630) + (40 x 40 x 630)

+ (55 x 40 x 130) + (90 x 95 x 100) - [ (13 x 32 x 630) + (19x18x630) ]

< 10 + (25 x70 x 350) + (25 x 70 x 550) = 20778100 mmS.

Weight of Top Saddle :

- (20778100 x 7.2x1070) kgf. = 150 kgf

Total weight = (500 + 150)kgf = 650 kgf
Area of contact = (630 x X x 2)/100
= 12.6 x cm2

Mean’pr-es‘sure onn guideway :
CASE : CI to CI Contact

650/12.6x = 3.75 kgf/cm2

'~ This mean value of mean pressure on guidev}ay is obtained

from page 526 of CMTl data book.

Therefore x = 13.75 mm
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CASE 2 : When Turcite B is used
650/12.6x = 10 kgf/cm2
Therefore x = 5.15 mm.

For a height of 40 mm of the saddle, we choose a width of .

80 mm. from page 530 of CMTI data book.
b) Width of bottom guideway

‘Let the width of bottom guideway be 'x' mm. Then the

volume of the top saddle {aottom
- (40 x 100 x 1200)x2 + (65 x 63 x 1200)x2 + (57.5 x 32 x 1200) x2+ .
(28 x 93 x 400) + (147 x 28 x 400) + (100 x 60 x 400) + (60x727.5x400)

+ (35 x 40 x 400)x2 + (62.5 x 100 x 400) + (175%28x400) + (28x65x400)
. (1175 x 7.5 x 400) + (100 x 7.5 x 400) + (87.5 x 92.5 x 100)

- 53361837.5 mm°.

Therefore weight of bottom guide way

(53361837.5 x 7.2x10°) kg.

400.21 kgf.

. Total weight = weight of bottom guide way + weight of motor

(400.21 + 25) kgf

425 kgf

Total weight acting on bottom guide way

n

425 + 650 kgf.

1075 kgf.

-Area of contact

"
~
o
o
s

<
P
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MEAN PRESSURE ON GUIDEWAY

CASE 1': CI to Cl contact
1075/8x = 3.75 kgf/cm?

Therefore x = 35.8 mm

CASE 2 : When Turcite B is used :
1075/8x = 10 kgf/cm?

x = 13.4 mm

For a height of 40 mm of the saddle, we choose a width of 80mm

from page 530 of CMTI hand book.
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CHAPTER - 4.

BALL SCREWS
4.1 An Ihtroduction:

A ball screw is well described by its name: it is a
lead screw that runs on bearing balls. The screw thread is
actﬁally a hardened ball race. The nut consists of a sefies
of beari;lg balls girculating in the race and carried 0from‘one :
end of the nut to the other by return tubes._ The Balls pro-
vide the only physical contact between the screw and nut,
replacing the sliding friction of the conventional lead screw |
with a folling motion; The sﬁbstitution of rolling contact
for sliding metal-to-metal contact ﬁinimises starting fric- -
tion and eliminates the tendency for gtick—slip when a slow

smooth motion is desired.

%

The high efficiency (about 90 per cent)‘achieved'with'
rolling céntact devices '‘permits the employment of anti-

backlash methods. Another advantage of the ball-bearing
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" lead screw is the extended life of the screw compared with
the conventional one. It also eliminates the ﬁeea'fdr fre-
quent compensating adjustments for weér, since due to the
rbllingléontact; very littlé dimensional change occurs 6v§r

the 1ife of the lead scréw;

4.2 ADVANTAGES OF_BALLVSCREWS AS AGAINST LEAD SCREWS:

(A)  HIGHER EFfICIENCY: E

| 'Sinceslidingfrictioniéreplacedbyrollingfriction,
efficiency is greater than 90% and thedriving torque is
less than one-third of that of conventional screws.

(B) = LESSER HEAT GENERATION:
Even high load causes minimum heating up which means
an improvement oﬁ positioning accuracy.

.'(C) NO STICK-SLIP:

Substituting a rolling contact for the sliding




B

(D)

(E)

{F)

(G)

16

metal—to;metal contact minimises startingbfriction
and eliminates the stick-slip tendency’Whéh a éldw
lihear motion is required, In machine’tool slide
applicatiohs, this can result ip a tfemendqﬁs
increase in "tool life".

HIGHER SERVICE LIFE:

Due to the rolling friction, service life is con-

siderably increaséd.

PRECISE POSITIONING:

High ‘positioning accuracy is possible even at low

speéds._

MAXIMUM AXIAL STIFFNESS:

Ball S¢rewé can easily be adjusted backlash free and

A pr'eldaded for increasing the axial stiffness, response

and repeatability of positioning.

EIGH POWER TRANSMISSION:

' Pransmission of greater forces or maximum driving

power with low loss at minimum mounting dimensions, is

adéther feature.



\
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APPLICATIONS:

1. MACHINE TOOLS
2. iNDUSTRIAL ROBoTs
3. AIRCRAFT AND AEROSPACE
4. WEAPON SYSTEMS
5. MATERIA#"HANDLING EQUIPMENT
6. NUCLEAR REACTORS
7. RAIL ROAD BQUIPMENT
8. MEDICAL EQUIPMENT
9.  PRINTING AND PAPER MACHINES
4.3 The distinguishing features of ball screws are:
1. Low coefficientiof friction; it is of the order of
0.004 to 0.01 as con;pared to 0.1 - 0.5, which is typi-
" cal of lead’screws.‘
2.

‘Higher transmission efficiency (2 -9 times) which is

particularly marked at load values of the helix'angle



(3)

(4)

19

of the screw (2° - 5°) that are typical of power

screws.

 Friction force is virtually dependent of the travel

velocity and the friction at rest is very small; con-
sequently, the stick-slip phéqomenon is practically

absent, ensuring uniformity of motion.

By preldading the assembly,‘clearénces can be elimi-

‘nated and the axial stiffness can be improved to

-achieve or even exceed the stiffness of a sliding

friction power screw. It should, however, be noted

that the axial stiffness of an unpreloaded ball recir-

culating power screw is less than that of an ordinary

one.

The materials qf the screw and nut must satisfy the following

two requirements:

Hardness of about Rc - 60 of the working surfaces.
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2. Minimum residual streés so that the initial accuracy

of transmission is mainta%ned

Both for screws and nuts, these requirements are met

1. Low carbon (about 0.2%).alloyed steels SAE 8626 -and
SAE 4615 which are nitrided to a depth of about 0.5

mm, and

(2)  High Carbon (about 1.0%) C) Chromium Steels which are

“hardened fully.

The nuts may also be made from bearing steel, alloyed
structural steel containing approximately 1% each of Si and

Cr, and case hardened steel.

i
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4.4 CALCULATIONS
ASSUMED DATA :

MODULUS OF ELASTICITY (E) 2.1x10% kgf/mm?

"

CRITICAL SPEED (Nc) 800 rpm.

SPECIFIC GRAVITY OF BALL SCREW
MATERIAL

v 7.85)‘:10—6 kgf/mm3
MOUNTING DEPENDENT COEFFICIENT
FOR FIXED SUP.POR}' (2) 3.927

2.0

MOUNTING DEPENDENT COEFFICIENT

" 1. Buckling Load :

P = (n anI)/la‘zA

Where la = mounting distance.

Assuming the diameter of the ball screw to be between 20mm

and 40. mm, we chéose; the mounting distance from page 30 of THK ball

screw catalog as:

1 = 687.5mm

a

1 = (1 /64)xd14mm4, “where d; is the root diameter of the

.threaded shaft , mme.

Thrust acting vertically during machining operation (drilling),
kgf - 1.16kD(1005)°:85  (From page 640 of CMTI data book).

Where k = material factor = 1.5 for cast iron (from page 651 of

CMTI data book)

D drill dia = 20 mrﬁ

S

feed perrevolution = 0.35 mm/rev.
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.".  Thrust = 750 kgf.
Therefore Buckling load = (F+u w) kgf.
- (750 + 0.05 x 1075) = 803.75 kgf.
= 805 'kgf. '
Therefore

805 kgf = (2 x m2x2.1x10%x( 1/64)xd;4)/(675)°
Therefore d; = 11.58 mm"
" From page 38 of the THK catalog, we select a ball screw

with a single flange double nut type with a root diameter of 29.2mm

and a threaded shaft ~outer diameter of 32 mm and a pitch of Smm;

BNFN 3205-5.
2. CRITICAL: SPEED
NC = (60X 2/21 1b2) x [ (ExIxg)/y x A ]O'5

Where g = acceleration due to gravity

9800 mm/ secz.

A

Sectional area = (!I/l;)dl2
1, = Mounting ,di‘stance = 662 mm
Therefore

800 - [ 60 x(3.927%/2 x 1 x (662021 x [ (2.1x10% x
(T /66 x d b x 9800)/(7.85x1070) x (1 /&) x 4,2 195

= 1.933 mm
Since the value of root diameter deter;nined by using the

buckling load 1is greater, Wwe proceed using that value of the root

diameter.




RIGIDITY OF SUPPORT BEARING :

For Angular contact ball bearing :

Ky = 1010x10% kgf/mm.

(From Fafnir bearing chart)

Therefore the rigidity K of the feed

from
1/K = 1/Kg + 1/Ky + 1/Kp
= 1/20455.13 + 1/110000 + 1/101000
K = 14732.01 kgf/mm

LIFE CALCULATION
Life as Rotation :

- 3,100
L = (C /(f,.Fy) ) x10

. Where L = life as rotation, rev

O
]

Basic dynamic load rating, kgf.

a

F_ = axial load, kgf.

f, = Load factor = 1.2 from tables. -
L < (1450/(1.2 x 805) )3 x 10°

3.38x10° rev.

23B

screw shafting is obtained

kgf/mm



24

CHAPTER - 5
BEARINGS

5.1 INTRODUCTION: ANGULAR CONTACT BALL BEARINGS are used
due to its property to take radial loads as well as relati-
vely large axial loads in one direction. The FAFNIR

bearings are specially designed in cartridge units for ball

screw support application.

The important features of thisyéearinguunits are high
axial stiffness, low drag torqué, m%nufactured to super pre-
cision limits, precise control of axial runout, lubricated
and sealed for life unit, low operating temperature, ease of
assembly, possibility of checking alignment and running
torque of assembled ball screw and bearing arrangement prior

to assembly on to the machine.

These ball screw support bearings have a contact angle

of 60°.
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These bearing hnits do not require any additional
}ubriCation. '~ Each unit is prepacked with high quality
beafing gréase.selected on the basis of extensive‘comparatiﬁe
tests. All risks of subsequent over-greasing or the use of

incompatible lubricants are therefore eliminated.



5.2 CALCULATIONS

TE=

Where TE

Y

Therefore

Y

x T

equivalent thrust load

load factor = 1 from Fafnir bearing charts

Total thrust load

805

T

(750 + 0.05 x 1075) kgf.

E

1]

kgf

(1 x 805) kgf
805 kgf.

26



27

CHAPTER - 6
DRIVES

6.1 INTRODUCTION: Parallel to the growth of machine
tools,‘an equally rapid progress has been made in the field
of electric motors. 'A bewildering variety of electric dri-
ves are available today, so that the task of the‘application
engineers is steadily on_the increase. ‘The best maching is

naturally the one in which there is proper coordination bet-

ween the various elements.

‘The adVent of automation has made the modern machine
tools a hiéhly sophisticated piece of equipment. Judicious
combinatipns of'elec;ro—magnetic, electronic etc., circuits
ha§e béen evolved to realise»fast response and extreme flexi-
bility of contfbl. Electfonic adjustable controls have made
great inroads'into the field;of machine‘toolg. (Mainly the
drives consist of a D.C.'ﬁotor with electronic circuits to

control the armature and field).




28

The power devices commonly used in electrical control
systems are a.c. and d.c. servo motors. A.C. servo motors
are best suited for low power applications. | They are
rugged, light in weight and have nb b?ush'contacts as in tﬁe
case with d.c. servo motorf However for large power appli-
cations like heavy drives etc., d.c. systems are an ideal
choice on account of‘the availability of rugged high power

amplification rotating and static amplifiers.

Mainiy the drives consists of a d.c. Motor with
élec;ronic circuits to control the armature and field. D.C.
motors allow precise control of the speed over a wide
operating range by manipulation of the voltage applied to tbe

motor.

D.C. DRIVES

D.C. servo motors offer high power O/P relating to
theirAplaygrid size. They combine high torque capability,

high acceleration and low inertia for optimum system response.
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They operate on the principle that é conductor cgrrying an
electric current within a magnetic field is subjected to a.
. force. DC Series motors éontrol also uses . comparétiQely
simple and reliable control electronics readily available

at a relatively low cost.

A constant voléaée‘is applied.to4the motors causing it
to' rotate. When it is sensed that the motor is rotating too
fast, the voltaée is sQitched_off. When the motor spéed
bééins to fall, the voltage'is re—-applied. Thus, pulses ér
buféts of in-put signal are continuously applied to the motor
in such a way as to control its speed. This technique is
known» as PULSE WIbTH MODULATION. For a high motor speed
the voltage will be switched on for a longer period of time
than it will be sQitched off. Conversély, for a low motor
. spegd,'the voltage will be switched off for a lénger period
than it will be switched on. Reversing the voltage polarity

causes the motor to rotate in the reverse direction.
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D.C. servo motors for robotic applications normally
come in complete compact unit comprising of the nmto},

encoder/tachogenerator and fail safe braking.

Some brushless design DC motors which exhibit higb
torque/low speed characteristics can be ﬁsed as direct dri-
ves. This eliminates need for and tﬁe problems associated
‘ ﬁitb mechanical speed reduction elements; Suéh motors have
starting torque, some three or four times that of conti-
nuo;sly rated torque caéability because they employ rare

earth magnets with their construction.

6.2 SELECTION: Two basic considerations are involved in

fixing the size of the motor:

i) the motor should be capable of delivering the load
torque requirement and

ii) the temperature rise of the motor should be within

the safe value for the insulation class.

Hence in the selection of a D.C. drive for our

Coordinate Table, it is very much essential to find the
: 14
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driving torque of the feed screw systems.

6.3 FEATURES :Good Feed drives must possess the following

features:

i) Continuously variable speed ranée of the order of
1:10,000 which means a feed motor rated for a maximum speed
of 200 rpm (say)ﬁmuSt run smoothly at a speed of 0.2 rpm

without any waviness.

ii) = Fine speed regulation and positioning accuracy even
for the smallest distance element of 1 - 2 Mmwhich represents

an angular rotation of approximately 2 - 5 angular minutes.
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iii) Good command transient response which allows minute

contour deviations and ensures good surface finish.

iv) Good disturbance transient response to ensure short
setting time after changes in load, and to keep position

deviations as small as possible.

v) Minimum dimensions and weight, enabling direct mounting

of servo motor on the ball screws.



6.4 CALCULATIONS

1. Frictional torque due to external load

Tp = F .1/(210n )
Where F_ = axial load F+ rw
= (750 + 0.05 x 1075)kgf =
1 =1lad =5 mm = 0.5cm
n = efficiency = 0.9

Therefore T
P

71.17 kgf cm

0.07117 Nm

805 kgf.

(805 x 0.5)/(2 x T x 0.9). kgf cm

2. Frictional torque due to preload

TD=I_(XF8.OXI/2H

. Where

K

Therefore TD

internal frictional coefficient of preloaded nut

(0.1 to 0.3)

lead = 0.5 ¢m

1/3 axial load

1/3 x 805 kgf = 268.3 kgf.

4.27 kgf cm = 0O

(0.2 x 268.3 x 0.5)/21"

.00427 Nm.

3. Load torque due to acceleration

"

oW

= ], (21n/60t)

load torque due to acceleration.

Moment of inertia

acting on the motor.
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Where n = speed of motor shaft

Total torque

)2

and J; = (Ix vg x L x a%)/32¢g
Where J5 = moment of inertia of ball screw, kgf cm—s‘ec2
‘73 = weight per .u;‘lit volume = 7.85)(10"3 kgf/cms.
L =' Overall threaded shaft length = 70 cm
d = Threaded .s;haft diameter = 3.2 cm
g = acceleration due to gravity = 980 cm/sec2
Therefore
]3 = .5,75;(10'3 kgf cm sec?
and jA = inc;menf of inértial .of motor
o = 0.0765 kgf cm sec? (from motor catalog)
Th-erefore . )
] = 5.75x107 + 0.0765 + (1075/980) (0.5/21x 1?
= Q.0892 kgf cm sec?. |
and T] - 0.0892 ( 21 n/60t)

2000 rpm

t = time for acceleration = 8.1x10.":3 sec.
(from motor catalog)

T) = 0.0892 (2 1x 2000/60 / 8.1x107°)
= 2306. kgf cm
= 2.306 Nm.

n

T
P + TD + T]
(0.07117 + 0.00427 + 2.306)Nm

2.38144 Nm.
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The torque of motor is equal to 2.38 Nm which is ‘approximately

equal to 2.5 Nm. So we select 5.5 Nm 2 pulse control, Indramatpermanent

magnet d.c. servo drive.
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CHAPTER - 7

FEED BACK FOR A CNC COORDINATE TABLE .

7.1 INTRODUCTION AND SELECTION

" We go in'for a closed loop'syétem for better accuracy.
Here, the feed back to the computer (Up) is given by a Linear
Encoder. The-generation of pulse in the encoder is as follows .
Thére is a glass scale with opaque lines and transparent spgces
of equal width énd intérvalf " There is a scanning unit which
comprises of a source of liéht, condenser lens for colli;%%ing
the light beam, scanning recticle with under gratings and
Silicar solar Cells.  When the scale is movéd the lens and spa-
ces coincide with the under gratings. The corresponding fluc-
tuations in light are sensed by the solar cells which generate

two sinusoidal output signals and a reference mark signal. The

2 signals are phase shifted by 90°.

. These waves are subsequently transformed into square

waves by semi triggers and logicaiiy gated such that the two
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pulse trains are 90° phase shifted and reference pulse
available as O/P. The measuring step depends upon the
interpolation factor (X5, X1i0), ( .. measuring step

1/(4X5), 1/(4X10) ) -

Now we should calculate the number of pulses generated for a
a distance 'x'. This -is to be programmed'into the computer

() . Therefore, for the distance of pulse generated

~

lecm= X
X

Therefore, for whatever distance is to be moved, the appro-
priate number of pulses is to be calculated and when this

number is reached, the motor voltage should be cut off.
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CHAPTER -8
CNC SYSTEMS

8.1 INTRODUCTION:
A NC system is one in which actions are controlled
by direct insertion of numerical data at some point. The

input information for controlling the machine tool motions is
provided through puhched papér tapes or magéétic tapes in
coded language. ‘A CNC system is a self cohtaiﬁed N.C. system
 which employs a computer tb control'ﬁhe machine tool and it
eliminates mpéh of the hardware circuits. The use of soft-
ware based CﬁC system to that of hardware based NC system

brings an increase in system flexibility and an improvement

for collecting'part progféms using the CNC Computer.

In the computer, the information is arranged, manipu-
lated and stored in the form of binary words. In the CNC
computer, each bit (binary digit) represents 1 BLV (Basic

Length Unit). In a CNC computer, the part program is
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stored in the memory pefore the operation starts. puring
the machining, the control program of the CNC uses the

stored part program to cqmmand-the machine.

Every control sYstem may;be designed as an open Or
closed loop system.' Thé term,épen loop control means that
tberé is no feed back anq the‘action of the controller has no
infor.mation'abou.t‘the effect of the signa'ls that it produces.
The closed loop control measures the actugl position and
velocity of thé‘axis and compares then{with desired referen-
ces. The difference between thé actual and the desired
‘values is the error. The control is designed in such a way

as to eliminate or reduce to a minimum, the error, namely,

‘the-5ystem'is of a negative feed back type.'

Considering the coordinate table, one needs a CNC
system which can effectively control the movements in two
axis. 1f the Coordinate table is to be used as a posi-

tioning device for a drilling machine, then point to point
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control is adopted. Here the system would require only bosi—
.tion counters for controlling the final position of the tool .
upon reaching the point to the drilled.

The main advantage of a closed loop incremental PTP system

over the open loop'control is. that in an open loop system

there is no’inforﬁation regarding the actual motion of the
table. This can be remedied by mounting feed back trans-
ducers i.e. a linear encoders to. the table. The functioning

‘of the closed loop incremental PTP system is described as

shown in figure 8.1:
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The down-counter is loaded to the required incremental posi-
tion, which resets the end-of -count circuit and allows the
motor to rotate. Thétiown counter is fed by the linear encodér
pulses which repr§sent the actual motion, rather than by com-
mandfpulées which are produced_by the pulse generator in the
‘openfloop sysﬁem. The motor rotates as long as the contents
of the counter is not zero namely_as long as the required
poéitioh is not reached. Upon reaching the desired position
the zerb contents of the counter activate the ;nd-of-COunt
'cifcuit which in turn stops the motor. The decelerator cir-

cuit slows the motor before the target point in order to

avoid overshoot.

The deéeleration diagram is éonsidered for one axis of
the table. The table moves at a rapid velocity V until
' reaching a distance L1, from the targét poiﬁt where the table
is instructed at a smaller veldéity V. After a time delay,
which depehés upon the system inertia, the table moves at the
new veloc?ty VI.until reaching a distance of L2 units from
the target point, where again the velocity is reduced to V2.
When the table is a£ a distance of L3 -units from the target'
point the velocity is reduced‘once more‘and the table creeps
towards the fihal éoint at a very low velocity V3 and sub-

sequently stops.
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8.2 SELECTION: For the Coordinate table of our specifica-

tion, we have found the COMMANDO CNC system, manufactured by

- KIRLOSKAR ELECTRIC COMPANY LTD., in technical collaboration

'with Anilam inc., USA,tQ be the ideal system and which bears

the following specification:

SPECIFICATION:

* Two akis Microprocessor CNC

* Closed loop positioning .
* Machinist language programming

Full manual control with continuous jogging

* 16K program memory storage

* .Stralght line sequential p051t10n1ng

* Decimal_point programming

* Absolute/Incremental programming

* ?rogfamming from the drawing or froﬁ the component

* Mirror ?ﬁage facility

* . Metric/inCh‘conversion of both dimensions and feed
rate |

* Pattern repeat facility

* Self diagnoétics with selected errér codes

* Battery back-up
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Actual position display of all axes simultaneously
Command display of all axes simultaneously
Full‘éditing facility with event search/event
enter/eveﬁt clear/add/delete features

Optional selectable resolution of 0.0lmm/0.0005"

Off line programming

Programme storage on casette (simple single push but-

ton operatibn)

RS 232 C interface part (option) for paper tape

. Programmable light auxiliary functions (option).
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The principal advantages of CNC coor

CHAPTER - 9

ADVANTAGES

are as follows:

Thus

many distinctive advantage

to summarise,

no drill jigs required
no-scribing or marking out )
less non—productive time .
faster positioning

fewer errors - less scrap

guick change over

high ‘accuracy and long life
heavy, robust construction
eaéy to install on existing
machines

moveable to other maéhine tools

low initial cost compared with

alternative CNC arrangements.

tion process in a machine shop.

46

dinate table

the'CNC coordinate table offers

s which enhances the produc
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APPLICATIONS

The CNC coordinate table is a versatile machine
which can be easily installed under an existing machine
tool, such as the radial drilling'machine; Since the

use of drill ijigs is eliminated, the CNC coordinate

table is an excellent choice for a shop "floor which has

" +o manufacture a number of jigs for different types of

components. Hence any production unit which spends a

lot of money on drill jigs can go in for a CNC coor

dinate table. Moreover the time and trouble involved in
the manufacture of drill jigs is eliminated.

A typical~example of this CNC coordinate table is
/

the machining of heat exchanger plates, where a number

.of holes are to be driiled with close tolerences and

various diameters depending upon the . capacity of the

heat exchangers.

Another example is the machining of motor casings

and automobile components.
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MODIFICATION

]

The CNC coordinate table under consideration has
been desigﬁed for a drilling machine and hence point to
point control system was gdopted. Hawever, if the table
is to be used under a milling machine, one can replace
t%e existing CNC system with a continous path CNC
_systgm. In this type, cbntouring or profile madhiniqg
is possible, thus dispensing the use of a CNC milling

-

machine.

In this coordinate table, the linear encoder has
been used. If the cost is to be»reduced, one can go in
for a rotary encoder whidh is directly Coupled td the
ball screw.~‘Moreover, by reducing the dimensions of the
table and the traverse, the machine will become more
flexible to be adapted. to any drilling or milling

machine.
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COST ESTIMATION

Weight of Top member

Weight of Intermediate member
Weight of base

Total weight

Cost of raw material

Cost of all three members

Time for planing operation
Cost i)er hour of planing
Total planing cost

Time for milling operation

Cost per hour of milling

‘Total-milling cost |

Time for surface grinding
Cost per hour of grinding
Total grinding cost

Time for scrapping

Cost per hour of scr/aping
Total scraping cost |

Other machining' éxpenses

Total machining expense

200 kg

400 kg

450 kg

1050 kg

Rs.12/kg (Cast Iron)

Rs.(12 x 1050)

Rs.

12,600

20 hrs.

Rs.

Rs.

80
1,600

20 hrs.

Rs.

Rs.

50
1,000

8 hrs.

Rs.

Rs.

70
560

8 hrs.

Rs.
Rs.
Rs.

Rs.

Cost of 32 mm dia ball screw of the required

length

Cost of D.C. drives

Rs.

Rs.

30
240
3,000

6,400

50,000 (2nos)
60,000 (2nos)



will vary depending on the mounting method, much care should
be used if severe working conditions and high accuracy are
required.

1. How to Mount Threaded Shaft

There are four typical methods of mounting threaded shafts.
Since the allowable axial load and the allowable rotational speed

Table 6

[ Low-speeq rotation

@' Small shaft length

ounting




RIGE( T oc ENFNJE
(1) Seal

{Single-Flange Double-Nut) The nut length varies depending on whether the product is
sealed or nonsealed. Use the designation to specify whether a
seal is required or not.

{2) Rigidity

The value of rigidity shown below indicates the spring
constant obtained from the load and elastic displacement
neasured at the application of a preload which 1s 10% of the
basic dynamic load rating (Ca) and then an axiai load which is
three times the preload amount.

) The value, however, does not include the rigidity of the parts
related to nut mounting; normatly, 80% of the value should be
used as a rough standard.

If the preload (Fao) is different from 0.1 Ca, lhen the value of
rigidity (KN) should be calculated by:

_ ; Fa() “ where
Ke=K L0 K K .dity value shown below.

Vi ~ i Ball cascle [ Yoot : “ RERTIONE ey

Designation £nat DD E Lead Bail dameter dusmeter BITECC L N ‘ Ca Coa Niote

d [ Da dp LA P kgf kegf | kegf/um
anm 25063 | 25 6 ' 3.969(G¢") 25.5 | 21.4 | 2x1.5 | 1230 3340 55
 BNFN2506-2.5 25 3.969(54") 25.. 21.4 2.5 |.1000 2790 50
" BNFN 2506-5 25 6 . 3.969(4") 25.5 21.4 | 2x2.5 | 1760 5570 95
‘ BNFN 2506-3.5 25 6 3.969(56") 25.5 21.4 3.5 | 1370 3900 65
25° 8 4.76304") 25.5 20.5 | 2x1.5 | 1580 380 60

25 8 4.763(3%") 25.5 20.5 2.5 | 1390 3260 50
25 . 8 4.763C4") 25.5 20.5 3.5 | 1700 4500 70
'BNFN 2510A-2.5 25 10 4.76304") 26.3 21.4 2.5 | 1330 3180 50
. 'BNFN 251225 | 25 12 3.969(3") 26.0 21.9 2.5 | 1060 2750 50
BNFN 251515 | 25 16 | 3.969(4") 25.5 21.4 1.5 | 800 1800 35
28" 5 3.175(%") 28.5 25.2 | 2x1.5 960 2990 65
.28, 1.5 3.175(%") 28.5 25.2 2.5 850 2490 55
‘28,1 5 3.175(%X") 28.5 25.2 | 2x2.5 | 1380 4990 100
28 5 3.175(%") | 28.5 25.2 3.5 | 1070 3490 75
28 | 6 3.175(%") 28.5 25.2 2.5 850 2490 55

28 6 3.175(%7) | 28.5 25.2 | 2x2.5 | 1380 4990 100
28 6 3.175(%") 28.5 25.2 .| 3x2.5 |*1830 7480 145
28 6 3.175(%") 28.5 25.2 3.5 | 1070 3490 75
.28 8 4.763C4") 28.5 23.6 | 2x1.5 | 1620 4330 65
' 1 28 8 4.763(4") 28.5 23.6 2.5 | 1420 3610 55
me 28085 | (28 8 4.763C4") | 28.5 23.6 | 2x2.5 | 2310 7220 105
'BNFN 2810-25 < | 28 10 6.3500%") | 29.0 22.4 2.5 | 2000 4990 60.
3.175(%") 32.5 [ 29.2 | 2x1.5 | 1010 = 3420 70
3.175(%") 325 T29.2 ] 2.5} 90 2850 55 -
3.175(%") 32.5 29:2 | 2x2.5 | 1450 5700 110
3.175(%") | 32.5 '29.2°| 3x2.5 | 1930° 8580 165 ...

'®. Any type with the<y marks isa smhdard brpduct which is available inexpensively.
®. Seeo p‘agé7 for the configuration of the dq;ignation.




Lubricant hoie

Vutside  Flange e h » Lubnioant . )
diameter dameter ounting e esialite
D A H F E L M W X Y yA S
53 76 11 42 7 110 3 51 55 95 55 M6 | BNFN 2506-3
53 76 11 30 7 86 3 64 5.5 5.5 M6 BNFN 2506-2.5
53 76 11 48 7 122 3 64 55 +. 55 M6 BNFN 25065
53 76 11 36 7 98 3 64 55 9o 55 M6 BNFN 2506-3.5
58 85.... 15 51 8 135 5 71 6.6 11 6.5 M6 | BNFN 25083
58 35 15 38 5 106 5 ! 6.6 11 6.5 M6 ]|° BNFN 2508-2.5
58 85 15 46 5 122 5 71 6.6 11 6.5 M6 BNFN 2508-3.5
58 85 18 39 11 120 13 71 6.6 11 6.5 M6 BNFN 2510A-2.5
t 53 76 11 41 7 108 8 64. 5.5 &5 55 M6 BNFN 2512-2.5
|8 -
Lo53 76 11 39 9 108 10 64 55 9.5 55 Mb BNFN 2516:1.5
. 55 85 12 35 5 94 7 69 6.6 11 6.5 . M6 BNEN 2805-3
] 55 85 12 25 5 74 7 69 6.6 11 6.5 M6} BNE 5-2.5
" 55 8. 12 40 5 104 7 69 6.6 11 6.5 M6 | wBNEN 28055
155 85 12 30 5 84 7 69 6.6 11 6.5 M6 | ~BNFN'2805-3.5
55 85 12 30 6 86 8 69 6.6 11 6.5 M6 80
55 85 - 12 48 6 122 8 69 6.6 11 6.5 M6 |} wBN
55 85 12 66 6 158 8 69 6.6 11 6.5 M6 | = BNFN 2806-7.5
55 85 12 36 6 98 8 69 6.6 11 6.5 M6 NFN 2806-3.5
60 104 18 52 12 144 10 g2 11 17.5 11 M6 BNFN2808-3
60 104 18 0 8 116 10 g2 . 11 17.5 11 M6 BNFN 2808-2.5
60 104 18 64 8 164 10 82 11 17.5 11 M6 BNFN 2808-5
© 65 106 18 55 5 146 13 8 - 11 17.5 11 M6 BNFN 2810-2.5
S | |
58 85 12 38 g8 103, 3 71 6.6 11 6.5 M6 BNFN 3205-3
58 85 12 26 5 76 3 71 6.6 11 6.5 M6 § BNFN 3205-2.5
58 85 12 41 5 106 3 71 6.6 11 6.5 M6 § BNFN 3205-5
58 85 12 56 5 136 3 71; 6.6 11 6.5 M6 BNFN 3205-7.5
b
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MOTOR PARAMETERS
Technical Data System Performance Zones

TENV Series

Symbot Motor Size MDC Motor Size MDC
Parameter and —_—————‘
{Unit] 10A10Hl10.20F 10.300 \10.40C 10.10H\1042OD 10.30C
D.C. Servo Motor (nmex = 2000 [min™ ']} (nmex. = 3000 {min~'}
Permissible
continuous effective] Iyttt (Al kA 13 19 24 T 19 24
current”
Maximum peak .
pulse current ) {Al 75 100 150 200 75 150 200
Torqueconstant” | Km INm/A] 0.30 | 0.47 | 047 | 047 0,30 | 0,30 | 035
Vohage constant” | Cw {Vsirad] 0,30 | 047 | 047 | 047 0,30 | 030 | 035 Tach .
Armature Vottage constant” CylVsirad] 0.317 + 10%
resistance®’ Ra (4] 050 | 040 | 0,24 | 017 | 050 | 019 0,15 (= 33V1000 min " + 10%)
Armature ) Armature resistance” | Ra 0] 15
inductance La {mH] 4,2 24 1,2 0,9 4,2 11 0,7 — —
Minimum terminating
Rotor momentof . st R @ 15,000
inertia J lkgm?] 0,0030{0,0050 |0,0075 | 0,010 10,00300.0050 0,0075 resistance 3 .
" %
Mochanical time Ripple percentage %] 0.5
constant Tm [ms) 17 9 8,1 7.8 17 1 9 Electrically operated Brake
Maximum useful } ! Holding torque Mg (Nm] 20
speed nm._lmin"] - 2000 | 2000 { 2000 2000 | 3000 | 3000 3000 Nominal voltage Un w1 T 24 + 10%
Permissible peak n Winding resistance” | R il 47
voltage u v 170 170 170 170 170 170 170
Insulation class £ F F F F F F 1)Rise of 50°C in case temperature above ambient
Maximum ambient 2ar20°C
temperature T ) a5 45 45 45 45 45 45
Thermaltime
constant Tth [min] . 55 70 85 100 55 70 85
Weight m {kal 13 185 24 29 13 185 24
Short-circuit
torque® M, [Nms/rad) 0,48 | 0,55 | 0,92 1,26 | 018 | 0.47 0,82
Continuoustorque
(2pulse)" Mgerr INMI 25 3,7 55 8 25 35 5
Comntinuous torque
{3pulse)” Mgorr INm] 3 45 | 63 | 95 3 a3 5.7
Continuous torque
(Selektor})"! Mger INM] 3 55 8 10 3 5,2 7.3
o
102
(4.015)
L i
i ‘:. " ! :
SRS SN I
132
{5.196)
—— e — _—
- /L 1
7 ! -} 10
(0.275)— (0.393)
57
A —-—“-"-_—.L'(Z.ZM)‘
MDC 10.10 10.20 10.30 10.40
Di ion ‘A’ ithout brake 261 327 403 469
with brake 276 342 418 484
Dimension B’ 148 214 290 356

The dgsign and manufacture of our products are subject to constant improvements. Hence, the above
specifications and illustrations may vary slightly from the products supplied.




| General Arrangement BSBU “DU” Series

10 HOLES ‘L’ DIA EQUI-SPACED ON ‘M’ P.C.DIA.

4 HOLES ‘N’ DIA EQUI-SPACED ON '0* P.C.DIA.

o e g

B 5 Ryt

4 ! o T TaxiaL |axaL| - LIMITING]
R R . DIMENSIONS [ + 0.13 uves. ] - | LOAD RATING'N' ‘| .DRAG .} STIFF- ‘RUN- | WEIGHT | SPEED
i ‘ : : DY¥NAMIC'| S TATIC.| TORQUE | NESS |.OUT MiN 1
‘ ‘BFC“‘I o]elp [ 6 ]H[l]JlK[L[‘M]N]Q LTB ‘10 N | N/Um | Om | Kg
0 130 {ar0{molerolaoles | molaajars) 17300 | 2000 | 04 710 | 25 1.3 13300
115‘.0 |s00|s0]4s002 1020} 43 05| 20400 | 30 | 048 s | 25 23 2300
50 50.0 Zz;s.o‘ 44.019:2 102.0| /4.3 |sas| . ‘20400 35500 0.46" fo1t0 | 25 22 2300
15.0 w0.0loaolas0fe2 113043 less| 2000 | asmo0 | 06 | 1200 | 25 32 2000
© ;géauaéégm 15:0 e0.0 886|400} 92 [1130] 4.3 [ess] ~ Zs000 | 485007 | 0.6 | 1240 | 25 31 2000
45" :Bs'e.wwus;z 5.0 66.098.0(49.0{92 {1130 43 e65| 20000 | 51000 0s2 | 1310 | 25 33 1900
HEAVY DUTY SERIES
- e S
3 |Bssuzsouiza| 590 66.0?33:% 165.0 :'4345 170 84280 66.0{760 128 0f6s.011.4|196.0| 53 |90.0f ag00 | 7900 | 080 Do | 29 63 1200
w. |BsBUAODUIZ b pioed :ss.oiggjg 165.0 [43.5 [17.0 [ %280 1 6.0 |76.0 128.0{64.0 |11.4 |146.0{ 6.3 | 90.0 48900“._";9400 o‘so‘ ';1400 25 61 moow
a5 [Bsauasou1zal 25900 166.01123:900 1165.0 435 |17.0 84260 |e6.0{76.0 28.0[64.0 11.4]146.05.3 |o00| eg900 | 79400 oa_o “ r‘m 25 60 1400
! -
50 |Bsausopu1ze) 090 166.0{1230%0 | 165.0 435 |17.0 84260 | 65.0{76.0 128.0/64.0 [11.4146.0| 53 |s0.0) 4800 | 79400 | 0.80 i w00 | 25 5.9 1400




