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ABSTRACT 
An o p t i c a l  incremental  encoder,  combined w i t h  

s u i t a b l e  e l e c t r o n i c  equipment of an analogue or d i g i t a l  
type,  proved t o  be a very s e n s i t i v e  instrument  f o r  ob- 
t a i n i n g  measurements of the  ra te  of r o t a t i o n  of the 
main impel le r  s h a f t .  

f u l l y  exp lo i t ed ,  as the mains vo l t age  f l u c t u a t i o n  and 
the  heat e f f e c t s  on the gear  box caused some uncer- 
t a i n t i e s  i n  t h e  measuring. When lactose w a s  g ranula ted  
w i t h  g e l a t i n  s o l u t i o n ,  impel le r  and chopper working a t  
a h igh  speed, t h e  u n c e r t a i n t i e s  were approximately 
- 1-2%. 

The high s e n s i t i v i t y  of t he  equipment could n o t  be 

+ 

INTRODUCTION 

The need for  a reliable and reproducib le  technique 
for determining the  end-point of g ranu la t ion  became 
e s p e c i a l l y  obvious when high-speed mixers were i n t r o -  
duc ed . 
* 

Subsidiary t o  AF3 A s t r a ,  Sweden 

1495 

Cop&t (B 1983 by Marcel Dekker, Inc. 0363-9045/83/0908-1495 $3.50/0 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1496 ANDERSSON AND LINDBERG 

On t h e  basis of observa t ions  of t h e  c u r r e n t  re- 
quired during g ranu la t ing  experiments with a Ltidige 
high-eff ic iency b lender ,  it w a s  decided t h a t  t h e  
granula t ion  cyc le  w a s  apparent ly  capable  of being 
instrumented. T h i s  r e l i e v e d  t h e  ope ra to r  of t h e  
necess i ty  of determining t h e  po in t  of proper granu- 
l a t i o n  ( 1 ) .  Diosna P600, equipped wi th  amperemeters, 
ind ica ted  both t h e  consumption of t h e  impel le r  and 
t h a t  of t h e  chopper ( 2 ) .  Systems based on c u r r e n t  and 
power devices ,  or measurements of to rque  and mass 
temperature,  w e r e  considered inconvenient.  Therefore 
a system w a s  cons t ruc ted  which made it p o s s i b l e  t o  
detect changes i n  momentum of granules  moving i n  a 
cons tan t  v e l o c i t y  region of t h e  mixer bowl ( 3 ) .  A way 
of determining the u n c r i t i c a l  q u a n t i t y  of g ranu la t ing  
l i q u i d  by means of power measurements on p l ane ta ry  
mixers was a l s o  adopted, f o r  use wi th  i n t e n s i v e  mixers 
( 4 , 5 ) .  Measurements of t h e  power inpu t  t o  t h e  impel le r  
and the  chopper motor of Diosna P25 could be used i n  
c o n t r o l l i n g  t h e  g ranu la t ion  process  (6). 

I n  d i f f e r e n t  process-regulat ion techniques,  t h e  
changes i n  t h e  load of the machines are u s u a l l y  gauged 
by using o p t i c a l  incremental  encoders,  i .e.  d i g i t a l  
t ransducers .  D i g i t a l  measuring devices  are e s p e c i a l l y  
s u i t a b l e  when t h e  measurement q u a n t i t i e s  are t o  be 
processed i n  computers. 

an o p t i c a l  incremental  encoder f o r  measurements of t h e  
speed v a r i a t i o n  of t h e  main impel le r  motor s h a f t  of 
Diosna P25 during t h e  agglomeration process .  

This s tudy w a s  performed t o  eva lua te  t h e  use of 

EXPERIMENTAL 

Mixer 
The Diosna P25 high-speed mixer, with a bowl 

capac i ty  of 25 1, had t w o  3-phase induct ion  motors 
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DIOSNA P25 HIGH-SPEED MIXER 1497 

both with two f i x e d  speeds. The s h i f t i n g  between 
speeds w a s  c a r r i e d  o u t  by means of s h i f t i n g  t h e  number 
of po le s  i n  t h e  motors. The impel le r  motor had a power 
capac i ty  of 1.5 kW, and t h e  i d l i n g  speed of t he  i m -  
p e l l e r  w a s  188 and 375 rpm, r e spec t ive ly .  The power 
capac i ty  f o r  t h e  chopper motor w a s  3.0 kW and t h e  
i d l i n g  speed of t he  chopper w a s  2100 and 4200 rpm, 
r e spec t ive ly .  These speeds were measured with a 
stroboscope 1 . 
Instrumentat ion 

The c a p i t a l s  i n  pa ren thes i s  r e f e r  t o  Fig. 1.  
The main impel le r  motor w a s  pos i t i oned  v e r t i c a l l y .  
The fan  blade of t h e  main impel le r  motor w a s  removed 
from t h e  end of t h e  motor s h a f t .  An adapter  ( A )  w a s  
mounted on t h e  s h a f t  end. A d i s t a n c e  p i ece  (B) w a s  
a t t ached  t o  t h e  lower edge of t h e  motor (E) around t h e  
s h a f t .  The o p t i c a l  incremental  encoder2 (C) w a s  
a t t ached  a t  t h e  o t h e r  end of t h e  d i s t a n c e  p iece .  The 
sp ind le  of t h e  encoder w a s  connected t o  t h e  adap te r  
with a bellows c l u t c h  (D). 

an o p t i c  pick-up conta in ing  a l i g h t  source and a photo 
t r a n s i s t o r .  Each t i m e  a s l o t  was passed t h e  pick-up 
gave an impulse. 

The t ransducer  cons i s t ed  of a s l o t t e d  wheel and 

A phase-locked loop3 (PLL) was connected t o  t h e  
o p t i c a l  incremental  encoder,  Fig.  2 .  The inpu t  f r e -  
quency, FI, from t h e  t ransducer  was rece ived  by t h e  
l i m i t e r  which fed  t h e  s i g n a l  t o  t h e  phase comparator 
( P C ) .  In  t h e  vol tage-cont ro l led  o s c i l l a t o r  (VCO) ,  a 
s i g n a l  of frequency F w a s  s imultaneously generated 
and a l s o  f e d  t o  t h e  PC. The s i g n a l s  of t h e  f requencies  
FI and Fo m e t  i n  t h e  PC, where t h e  sum and d i f f e r e n c e  
f requencies  were obtained.  An i n t e r n a l  low pass  f i l t e r  
removed the  sum frequency component. The d i f f e r e n c e  

0 
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FIGURE: 1 

I 

I 

P r i n c i p a l  sketch of ins t rumenta t ion .  
A Adapter 
B Distance p i ece  
C Opt ica l  incremental  encoder 
D Bellows c l u t c h  
E Lower  edge of t h e  impel le r  motor 

frequency component, which w a s  a DC vol tage  component, 
w a s  ampl i f ied  and fed  back t o  t h e  VCO. The DC s i g n a l ,  
Ucorr, w a s  l i n e a r l y  r e l a t e d  t o  FI, i.e. t h e  v a r i a t i o n  
i n  motor s h a f t  speed 

where K-' w a s  a cons tan t .  T h i s  vo l t age  w a s  f i l t e r e d  
through a l o w  pass  f i l t e r  and an o f f s e t  adjustment de- 
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I 

FIGURE 2 

- 3 -  I 

Block diagram of electronic equipment. 
The phase-locked loop is symbolized by the rectangle 
of lines of short dashes. 
1 Limiter 
2 Phase comparator 
3 Voltage controlled oscillator 
4 Amplifier 
5 Low pass filter 
6 Offset adjustment device 

I 
I 

vice and fed to a strip-chart recorder4. PLL and light 
source were supplied by 5V DC5. The offset adjustment 
device was supplied by 15 V DC . 
were fed to a frequency counter’ and interfaced to a 

6 

Alternatively, the signals from the transducer 

computer8 and a printer 9 . 
The impeller motor was cooled by letting com- 

pressed air into a jar in which the motor was partly 
contained. 

Pump and nozzle 

nozzle of the two-fluid type”. The air pressure was 
69 kPa (10 lb/in ) .  The solution was pumped through a 
peristaltic pump” with a variable flow rate through 
a tube of 8 mm inner diameter. 

The granulating solution was added through a 

2 
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1500 ANDERSSON AND LINDBERG 

Granulation 
7 kg of lactose 350 mesh12 w a s  g ranula ted  with a 

o 13 8.6 ( w / w ) %  aqueous s o l u t i o n  of g e l a t i n  a t  45 - 50 C . 
The g ranu la t ing  s o l u t i o n  w a s  added a t  a flow ra te  of 
250 g/min, e i t h e r  with o r  without  a tomizat ion.  Before 
adding t h e  s o l u t i o n ,  t h e  powder was mixed f o r  3-4 min 

with t h e  main impel le r  bu t  without  t h e  chopper. When 
t h e  g ranu la t ing  s o l u t i o n  w a s  added, t h e  chopper w a s  
s t a r t e d  immediately. Granulat ions were performed wi th  
high o r  l o w  impel le r  speed, t h e  chopper rate being 

high. 

RESULTS AND DISCUSSION 

Instrumentat ion 
+ 

The accuracy of t h e  t ransducer  w a s  -0 .014%, a s  
t h e  d iv id ing  f a u l t  which states t h e  p r e c i s i o n  i n  t h e  
shaping of t h e  s l o t t e d  wheel w a s  -50 e lectr ic  
degrees’l  and one r o t a t i o n  w a s  360 000 e lectr ic  
degrees,  i . e . 

+ 

+ -0.014% t 50 - 
360 0 0 0  

The l i n e a r i t y  of t h e  PLL w a s  checked by an 
o ~ c i l l a t o r ’ ~ .  The output  s i g n a l  from t h e  PLL versus  
the  frequency wi th in  t h e  range 1 7  - 27 kHz f o r  low 
impel ler  r a t e  ( cen te r  frequency approximately 25 kHz) 
and 4 2  - 65 kHz f o r  high impel le r  speed ( cen te r  f r e -  
quency approximately 50 kHz) w a s  l i n e a r ,  t h e  c o r r e l a -  
t i o n  c o e f f i c i e n t  being r = 1.00. 

PLL and l i g h t  source were n e g l i g i b l e ,  about 0 .02%.  
The i n t e r f e r e n c e s  from t h e  5V DC source a f f e c t i n g  

As t h e  r e fe rence  s i g n a l  t o  t h e  o f f s e t  a d j u s t i n g  
device came v i a  t h e  15 V DC source,  v a r i a t i o n s  i n  t h e  
DC vol tage  might produce v a r i a t i o n s  of t h e  r e fe rence  
s igna l .  However, t h e  i n t e r f e r e n c e s  from t h e  15 V DC 

source were also neg l ig ib l e .  
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DIOSNA P25 HIGH-SPEED MIXER 1501 

When t h e  s i g n a l  from t h e  PLL w a s  f e d  t o  t h e  re- 
corder  without  f i l t r a t i o n ,  very s t rong  f l u c t u a t i o n s  
were recorded during granula t ion .  By connect ing a 
second-order Butterworth f i l t e r  of 5, 0.5 and f i n a l l y  
0.1 HZ cut-off  frequency, a s a t i s f y i n g  a t t e n u a t i o n  of 
t h e  f l u c t u a t i o n s  w a s  obtained.  The f i l t e r  e l imina ted  
d i s t o r t i o n  s i g n a l s  wi th  h igher  f requencies .  This  w a s  
obvious from Fig. 3 ,  where t h e  recorded curve f o r  out-  
p u t  s i g n a l s  from PLL w a s  compared t o  d a t a  from t h e  
p r i n t e r  p l o t t e d  on t h e  same scale. The s i g n a l  from the  

frequency counter  d i d  not  pass  any f i l t e r .  The g r e a t  
f l u c t u a t i o n s  of t h e  frequency counter  s i g n a l  were due 
t o  i n t e r f e r e n c e  from t h e  chopper dur ing  mixing and 
granula t ion .  

a success ive  inc rease  of t h e  speed before  t h e  o i l  i n  
t h e  gear  box became warmed up. Where t h e  l o w  impel le r  
rate w a s  concerned t h i s  meant t h a t  t h e  i d l i n g  speed 
w a s  1495 - 1497 rpm; t h e  f i g u r e s  f o r  t h e  high impeller 
speed were 2986 - 2988 rpm. 

When t h e  mixer w a s  s t a r t e d  f o r  t h e  day, t h e r e  w a s  

During no-load ope ra t ion ,  t h e r e  w e r e  minor f l u c -  
t u a t i o n s  of t he  impel le r  rate i r r e s p e c t i v e  of t h e  
temperature of t h e  gea r  box. The f l u c t u a t i o n s  were 
approximately - 3 mV or - 0.5 rpm a t  l o w  impel le r  
speed and about - 1.5 mV or 2 0.8 rpm a t  h igh  impeller 

rate. It i s  clear from Table 1 when changes on t h e  
recorded curves  of vo l t age  versus  added l i q u i d  corre- 
sponding t o  S - l i m i t s  (4) occurred. The unce r t a in ty  
when measuring a predetermined speed corresponding t o  
S3, i.e. t h e  r a t i o  of t h e  f l u c t u a t i o n  (mV or rpm) t o  
t h e  d i f f e r e n c e  between S3 and i d l i n g ,  would be approxi- 
mately -7% f o r  l o w  impel le r  rate and about  -2% for  
high impel le r  speed. With regard  t o  S4 t he  correspon- 
d ing  u n c e r t a i n t i e s  would be approximately -4 and ?l% 
r e spec t ive ly .  

+ + 
+ 

+ + 

+ 
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1502 ANDERSSON AND LINDBERG 

2890) . ' . ' . ' . " " 

TIME,S 
0 60 120, 180 2 4 0  300 

FIGURE 3 

Relat ion between r o t a t i o n  ra te  of main impel le r  motor 
s h a f t ,  from recorder  curve (continuous curve)  or 
p r i n t e r  da t a  ( c r o s s e s ) ,  and t i m e .  P r i n t e r  d a t a  are 
p l o t t e d  on t h e  same s c a l e  as t h e  recorder  curve.  
The recorder  curve i s  moved along the  Y-axis t o  f a c i l i -  
t a t e  t he  observat ions.  Graduation of Y-axis r e f e r s  t o  
p r i n t e r  data .  

0 - 60 s Dry mixing 
60 - 210 s Flu id  add i t ion  
210 - 330 s W e t  massing 

TABLE I 

Lactose granula ted  with g e l a t i n  s o l u t i o n .  
Voltage s i g n a l  a t  S - l i m i t s  (4). 

s 3  s4 S - l i m i t  : I d l i n g  

Signal  Impeller Low High Low High Low High 

mV 0 0 40 70 70 104 
r a t e  : 

r Pm 1497 2986 1486 2930 1480 2898 
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DIOSNA P25 HIGH-SPEED MIXER 1503 

The minor f l u c t u a t i o n s  dur ing  i d l i n g  w e r e  caused 
by mains vo l t age  v a r i a t i o n s  which were about 0 . 4 % .  
The inf luence  of mains vo l t age  v a r i a t i o n s  on t h e  out-  
pu t  s i g n a l  during no-load ope ra t ion  and mixing was 
s tud ied  by simultaneous measurements of t h e  vo l t age  
between each of t h e  t h r e e  phases and e a r t h ,  u s ing  
high-accuracy d i g i t a l  vol tmeters16.  The mains vo l t age  
v a r i a t i o n s  appeared simultaneously wi th  t h e  minor 
f l u c t u a t i o n s  during no-load opera t ion ;  t h i s  occurred 
with both low and high impel le r  speed. 

There were no d i f f e r e n c e s  when t h e  r o t a t i o n  r a t e  
of t h e  impel le r  motor s h a f t  w a s  measured from t h e  re- 
corder, i.e. v i a  PLL, o r  from t h e  p r i n t e r ,  i.e. v i a  
t h e  frequency counter .  

In  s p i t e  of t h e  high accuracy of t h e  t r ansduce r ,  
mains vo l t age  v a r i a t i o n s  and hea t ing  e f f e c t s  on gea r  
box o i l  w i l l  in f luence  t h e  accuracy when measuring 
f o r  i n s t ance  a predetermined main impel le r  motor s h a f t  
speed, d i s t u r b i n g  t h e  r e s u l t .  However, t hese  incon- 
veniences a f f e c t  o t h e r  methods too ,  e.g. e l ec t r i c  
input  power t o  t h e  motor. 

Granulation 
The v a r i a t i o n s  i n  t he  r o t a t i o n  speed of t h e  

impel ler  s h a f t  dur ing  t h e  g ranu la t ion  of lactose 
w i t h  a g e l a t i n  s o l u t i o n  a t  a high impel le r  rate are 
very c lear ,  Fig. 3 .  Both t h e  recorder curve and t h e  
computer d a t a  are p l o t t e d  i n  t h e  same f i g u r e  on t h e  
same scale. 
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FOOTNOTES 

Model 1545,  General Radio, West Concord, USA 
Model 58 with pulse  number (pe r iods / r evo lu t ion )  
1000, Leine & Linde AB, Eskilstunavagen 6 ,  
S-152 00 Strangnas 
SE/NE 564 S igne t i c s ,  ELCOMA, Liding8vagen 50 ,  
S-115 8 4 ,  Stockholm, Sweden 
Servogor 210,  BBC G o e r z ,  Vienna, Aus t r i a  
PE 1535 DC power supply,  P h i l i p s ,  Eindhoven, 
The Netherlands 
Home-made DC vol tage  supply u n i t  
Model 5316A un ive r sa l  counter  with HP-IB i n t e r -  
f ace  output ,  Hewlett-Packard 

Model HP-85 personal  computer with 82937A HP-IB 

i n t e r f a c e ,  Hewlett-Packard. 
82905 A p r i n t e r ,  Hewlett-Packard. 
Body assembly 1 / 4  J N ,  A i r  cap 14011110,  f l u i d  cap 
401 0 0 ,  spraying angle  approximately 20°, Spraying 
Systems, Wheaton, USA 

Flow inducer type  MHRE 200,  Watson M a r l o w  Ltd. ,  
Falmouth, UK 
DMV, Veghel, The Netherlands 
Density 1010 kg/m3 

One per iod  w a s  equiva len t  t o  360 e lectr ical  
degrees.  There w e r e  1000 pe r iods / r evo lu t ion  
which made t h e  f i g u r e  360 000 
Model 7060 func t ion  genera tor ,  Exact, Scandia 
Metric AB, Box 1307,  S-17125 Solna,  Sweden 
Model 177 microvol t  f o u r - d i g i t  d i g i t a l  mult i -  
meter, Kei thley,  Ohio, USA, and Model 3490A f ive -  
d i g i t  d i g i t a l  multimeter,  Hewlett-Packard 
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