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Figsure 7 shows a conctruction for determinin,: the co-ordinntes
of a root., The constructicn applies irrespective of whether

the system is stable ' not.

Alt Hugh figure 6 may be taken as an interpretation of
transient response from the position of the root, there is a
limitation which is not immediately appuarent. In most control
systems the phase lag of any element does not exceed 3600.

However in centreless grinding the phase lag may exceed 360o

many times. The large phase lags do not affect the validity of the
Nyquist Criterion, which is based on an assumption of a linear
system, since a delay term represents the addition of further
linear terms. However the phase lags do result in an increase

in the period over which f£able transients occur and slso give

rise to an appearance of irrep larity in the process variations.

In an unstable system large phase lags increase the period of

build up in amplitudes.

The effect of phase lags yield a partial exzlanation for
the mildness so often iwarent in cent less grind’ g instabilities.
The phase lags are increased proportionally wit increasing

number of waves on the workpiece.
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PART II

3 PERIMENTAL 3TUDI!
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3 Exper’ ital Studies

3. 1 Objectives
3- 1.1.
To investi.;ate some of the characteristics of the centreless

grinding machine and their influence on the roundness accuracy,

3., 1.2
To correlate, if possible, theoretical with experimental

results under practical grinding conditions.

3. 2 quigmeng

3.2.7. The gri 1ing machine

The grinding machine a wickman 3crivener No. O, ig descritbed
in Appendix C and \|lustrated in plate 1. The machine used in the
tests was in a near new condition and correctl; mounted on a 'Tico’
anti-vibration pad: Vibrations were kept to a minimum by the

adjustment of belts, balancing of pulleys and wheels etc,

be 242. Infeed Mechanism

This was an integral unit ~iving continuous controlled infe~d
by a hydraulic infeed mechanism incorporating a plate cam,6 Flate 2

and figure 24,

3. Z.5. Vibration Equipment

(i) I .placement Transducers

These were of the inductive type ry 3Southern Instruments,
The transducer:s weremounted on a bracket zecured to the
workblade attachment to pick up relative displacement

of grinding snd control whe=1 :pindlescuuxed by
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(ix ) Phuse Neter
AD-Y] lectronics type P 406L

(x ) Voltmeter |
Bruel and Kjoer 2409 for measuring amplitude and
vibrations.

(xt ) Amplifie
Keno C B 2 was used to raise the output from the
Southern Instruments F.M. unit to drive the phase
meter ( minimum input .05 volts).

(xii ) Cscillc :ope
Telequipment D54, was used as a sinewave overload
monitor check on the waveform going into the phase
meter.

(xiii) Velocity Transducer
Philips PR 9260 used for determing mode shapes at
resonance.

3.2.4 R ~ ess_Meas ement

fore and after grinding, the shape of the specimens
prcfile was measured on the 'Talyrond' Roundness testing machine,
which has & guaranteed spindle rotation accuracy of 3 Mic.in.
Plate 7.

3.2.5. 1 face Texture

Before and after grinding, an assessment of the specimen's
surface texture was made on a Model 3 'Talysurf' employing a skid
type messuring pick- ». This instrument was also used to determine
the depth and width of the wear crater on the workblade: after

the comrletion of their relavent tests. Flate &






head., At higher frequencies it is better to mount the vibrator
on the control wheelhead. Figures 15 and 1€ indicate the
instrumentation link-up for obtaining the relavent results of
phase and ampl :u respectively, of the relative vibrations

at the wheels, as illustrated in plates 3 and k4,

3.3.2 Discussion of vibration results

It can be seen from figures 17 and 18 that the resonunt
frequencies 2ltered with the position of excitation. These
results indicated that there was a dominant mode in the region
7?1 to ?6Hz. .« The frequencies were slightly depressed due tc
the vibrator mass. Vibrations in grinding suggested 3 resonance
at approximately 82Hz, but the examples of associated waviness
in grinding tests as discussed in later sections all indicated
frequencies between 76-80 Hz , It was noticeable that the
amplit des were much larger at the control wheelhead, by =
factor of fi r, with more moderate modes at the grinding wheel=
head, base, tray and infeed attachment. Figure 19 illustrates
the characteristics of the machine modes when the control wheelhead
was excited from the vibrator mounted on the grinding wheelhead
at 76Hz., . It can be seen that the main machine base, tray and
infeed attachment 2d a slight vertical oscillation with a twisting

mode to right at front to left at rear.

However there was some considerable rocking of the control
wheelhead toward and away from the grinding wheelhead with slight

rocking from rear to front.










































Ex: s>le 2 ~ =8° o = 20°, hardened workblade

(r) ratio of control wheel and workpiece dismeter =
L 4 v
745 {(DC = £.7 dia, LW = .9 dia.)

Control wheel speed = 39 rev/min = .65 rev/sec
workpiece speed (f1) = 7.45 x .65 = 4,25 rev/sec.

In this exsmple the specimen had predominantly 16 waves azs
indicated in figure 40 (a), From the stability chart, figure 13
there is a geometric instability at n = 15.84, but the value of

A is positive at n 16. However here,

]

f = N.n

4,85 x 16
7706 Hz

which again is very close to the dominant machine frequency.
Since from the forgoing sections 2.4.2 and %.3.3., geometric
instability is improbable in this exarple, the workpiece speed

should be cha ‘'ed.

Therefore at a control wheel speed of 3C rev/rin, (.5rev/s:c)

S = 7.45 x .5 = 3.725 rev/sec

and n = 78 = 21 waves

3.725
From the stability chart fijure 13, the stability parameter for
21 waves is at a peak., An example of this roundness is il" strated
in figure 40 (b). From the stsbility charts figure 13, there is
a geometric instability at n = 22 which correspon~s to 3 frequency,
at or slightly above, the resonant value. 1In =lmost all other
cases istability occurs at a frequency slightly below resonance
predicted by Gurney (6). Ffossitly the moder.te amplitudes at .2
waves may therefore be r¢ iated toforced vitr=vicrs nesr the machine

resonant freguency, rather then the work-regernerstive cnztter.
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mary of Experiments. Qe ults
i<

The most favourable grinding configur:tion was,
included tungent angle B = 7° and workblade sngle

<, = }OO, which agrees with the theorestical results.

Good results were also obtained with B = 2% .nd

workblades with cngles 15° sand 20°

Better roundness values were obtained with & control

wheel speed of 30 rev/min than with other speeds.

If instavility is apparent, by pronounced wavines:

of hiyh amplitude, and the product of workpiece waves
(n) and workpiece speed (41 ) coincides with the dominant
machine resonance (f), then an improvement in the work-
piece roundness error can be made by changing this

frequency by & change in the workpiece speed,

If however the product of n and A does not coincide
with f., with apparent geometric instatility, then a

change in the geometrical configuraticn is recommended,
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=*pi,/180;
veta*pi/180

:=nf step I 1til nl +0.1 do

a:=n"alpha;

b:=b*(pi-beta);
K1:=sin(beta)/sir 2lpha+beta);
K2:=sin(alpha)/sin(alpha+bets);
A:=14K2*cos(b)=-K1*cos(a);
B:=K2*sin(b)-K1*sin(a);
punch(1);

print sameline,n,prefix(££s377?),4,3,:

<
-
-n
2
.o

i A<C then

1 mi=n;

for m:=m-(0.1°I) while A<O do

beg: a:=m*alphaj;
b:=m*(pi-beta);
K1:=sin(beta)/sin(alpha+beta);
K2:=sin(alpva)/8in(alpha+beta’;
Ai=1+K2*cos(b)=K1*cos(a);

end;

ounch(1);

[

print £81:%%;

plotter(15.1.;

elliott(7,2,7172,0, "ye 717203
torigin(125C, 2000, 2000,1);

axes(0.1,061,5,5,%,5);

for x:=-0.5 step 0.1 until 0.51 do

. 14 - - - E . .
be 'irn nowverenyx-l, PR
A
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to arain;

stopsend;

enc

iii) An example of mé¢ ally calculating co-ordinate ., for:

n=5 p = 4% < = £8.5 (X, = 20°)

e (( 6, ) =k, Cos w T, = b, Cos & T, = A= 1 (13>
K1 = : 1 = sin #°

Sin(e +B. Sin 70.5°

L0976

<9537

{]

e K1 =, '315

) . o
Sin E8.5

Sin(x +@) Sin 72.5°

K2

R -~ ¢

= .93047

: 90372

.
.
I

' L= .97562

W, T1 = WX

[o}

5 xt .5

245,5°

o

and 360° - 342.5° = 17,5

o0 W T = +.9537
W.T2 = & (K =p)
= 5 x 176°
= 8)0

ar 880° - 720° = 160° e -20°

. Cos ‘JY.TE = -.95969
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» Cos T2 - K1 s & T
(.97562 x =.97969) -~ (.07
- 378 - L 36
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