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WHAT IS CLAIMED AS NEW AND DESIRED TO BE PROTECTED BY LETTERS 
PATEN 	OF THE UNITED STATES OF AMERICA 	IS: 

• • 

1. An autom-ted cascade impactor, comprising: 

a v-rtical array of a plurality of impactor stages; 

and 

a verti al array of a plurality of isolation stag- 

5 es comprising vertically arranged pairs of isolation stages, 

wherein each pair o 	said vertically arranged pairs of isola- 

tion stages comprises 	n upper isolation stage and a lower 

. isolation stage; 

whereby, when s id plurality of impactor stages and 

10 said plurality of isolatio\ stages are moved toward each oth-

er in an interdigitated mann-r, each pair of said plurality 

of isolation stages is interpo ed between successive impactor 

stages of said plurality of imp-\  tor stages, while at the 

. same time, each impactor stage of said plurality of impactor 

15 stages is interposed between a lowe' 	isolation stage of an 

upper pair of said plurality of isol- ion stages and an upper 

isolation stage of a successively lowe 	pair of said plurali- 

ty of isolation stages. 

20 

2. The automated cascade impactor as set forth 
\n 
 Claim 1, 

wherein: 	 \  

each one of said plurality of impactor s ages 

25 comprises an impactor plate; 	
\\ 

each one of said upper and lower isolation 	ages 
. 	 . 	\ 

of a pair of isolation stages has a centrally recessed 	\ or- 
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5 

t on defined therein for receiving one of said impactor 

plates from one of said plurality of impactor stages; and 

a gripper arm assembly is provided for gripping 

said i @actor plates, disposed within said plurality of, 

impactor stages, and transferring said impactor plate from 

said plura ity of impactor stages to said centrally recessed 

portions de 	ned within said plurality of isolation stages, 

whe eby, when said plurality of impactor stages and 

said plurality of said plurality of isolation stages are mov- 

10 ed toward each of er in an interdigitated manner, each pair 

of said plurality •f isolation stages, that is, an upper iso-

lation stage and a lower isolation stage, is interposed be-

tween successive ones .f said plurality of impactor stages, 

while at the same time, 	-ach one of said plurality of impact- 

15 or plates is interposed b-tween an upper one and a lower one 

of said pairs of isolation\tages, and each one of said im-

pactor stages is interposed between a lower isolation stage 

of an upper pair of said plura 	ty of isolation stages and an 

upper isolation stage of a succe sively lower pair of said 

( 20 plurality of isolation stages. 

25 

3. The automated cascade impactor as set 	orth in Claim 1, 

further comprising: 

an extension actuator operatively 	•nnected to at 

least one of said plurality of impactor stages so as to per- 

mit all of said plurality of impactor stages to 	ove verti- 

cally away from each other such that all of said p urality of 

30 impactor stages are disposed in separated states wi 	respect 

to each other, and to cause said plurality of impacto,  stages 
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to move vertically toward each other such that all of said 

plur lity of impactor stages are disposed in compressed 

state 	with respect to each other; 

an isolation actuator operatively connected to all 
_ 	• 

5 of said plurality of isolation stages so as to respectively 

insert all 	f said plurality of isolation stages into spaces 

respectively eefined between all of said plurality of impact- 

( or stages, and to respectively remove all of said plurality 

of isolation staoes out from said spaces respectively defined 

10 between all of sal 	plurality of impactor stages, when all of 

said plurality of imactor stages are disposed in said sepa- 

rated states with res ect to each other, and to be respect-%, 

ively compressed betwee 	all of said plurality of impactor 

stages when all of said 	urality of impactor stages are dis- 

15 posed in said compressed s 	tes with respect to each other 

whereby all of said pluralit 	of isolation stages can isolate 

all of said plurality of impac or stages from each other. 

20 

4. The automated cascade impactor as 	et forth in Claim 2, 

wherein: 

said gripper arm assembly comp 'ses an upstanding 

standard; 

25 a plurality of gripper arms are fi.edly mounted 

upon said upstanding standard in vertically sp-ced pairs of 

gripper arms wherein each pair of gripping arms 	an grip one 

of said impactor plates when transferring said im.actor 

plates from said impactor stages to said isolation 	.tages, 

30 	and when transferring said impactor plates from said 'sola- 

tion stages back to said impactor stages. 
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5. The automated cascade impactor as set forth in Claim 4, 

wherei\ 

dependent gripper arm pins depend from distal end 

5 	portions of said gripper arms-  for gripping external periphe- 

ral portions of said impactor plates. 

10 	6. The automated cascade impactor as set forth in Claim 5, 

wherein: 

said gripper arm assembly comprises structure for 

enabling movement of \ sa 	gripper arms with multiple degrees 

of freedom whereby said plurality of pairs of gripper arms 

15 	are able to be moved toward and away from said impactor stag- 

es, said plurality of grippe 	arms are able to be elevation- 

ally moved upwardly and downwdly so as to be disposed at 

elevational levels at which sald
\
plurality of gripper arms 

can remove said impactor plates 	om said.impactor stages and 

20 	deposit said impactor plates withi 	said isolation stages, 

and said plurality of gripper arms a e able to be moved to- 

ward and away from each other such tha 	said pairs of gripper 

arm pins can grip and release said impactor plates. 

25 	. 

7. The automated cascade impactor as set forth in Claim 6, 

wherein said structure for enabling said movemen 	of said 

gripper arms with multiple degrees of freedom com rises: 

30 a first linear guide rail and slide block for enab- 

ling said gripper arms to 'be moved toward and away fr m said 
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imPactor stages, a second guide rail and second slide blocks 

foroving said plurality of gripper arms toward and away 

from e ch other, and a rack and pinion drive for moving said 

plurali y of gripper arms elevationally upwardly and down- 

5 wardly. 

10 

8. The automated 
\
ascade impactor as set forth in Claim 5, 

further comprising:\  

an impactor

\ 

 plate gripper arm pin wash assembly for 

washing and cleaning said gripper arm pins such that 	
\

cross-

contamination does not occur between drug doses. 

15 

9. The automated cascade impactor as set forth in Claim 8, 

wherein said impactor plate griper arm pin wash assembly 

comprises: 

20 an upstanding standard; 	. 

a plurality of vertically.spaced washer plates 

fixedly mounted upon said upstanding st\ anrdard; and 

a pair of impactor plate grip; 	arm pin wash wells 

formed upon each one of said plurality of \vertically spaced 

25 washer plates for receiving said gripper arm pins dependent 

from distal end portions of said gripper arms. 

30 10. The automated cascade impactor as set forth in C aim 1, 
. 	 . 

wherein: 
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said plurality of impactor stages and said plurali- 

ty o 	isolation stages are mounted upon a framework; 

a rotary drive motor, having a rotary output drive 

shaft, 	•r imparting rotational movements to said framework, 

5 said plur- ity of impactor stages, and said plurality of iso- 

lation stag-s; and 

a msunting bracket fixedly mounted upon a distal 

( end portion of 	aid rotary output drive shaft of said rotary 

drive motor for 	ounting said framework, said plurality of 

10 impactor stages, 	d said plurality of isolation stages upon 

said rotary drive m.tor. 

15 11.  The automated cascade 	mpactor as set forth in Claim 10, 

wherein: 

said rotary drive m.tor is mounted upon linear 

guide rails such that linear re iprocation movements can also 

be imparted to said framework, sa'd plurality of impactor 

20 stages, and said plurality of isolation stages. 

12.  The automated cascade impactor as set forth in Claim 10, 

25 wherein: 

auxiliary vibrators are mounted up. 	said plurality 

of isolation stages so as to impart additional vibrations to 

said plurality of isolation stages. 

30 
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13. The automated cascade impactor as set forth in Claim 1, 

wherein: 

• each one of said upper and lower isolation stages 

of a pai 	of said plurality of isolation stages is provided 

5 with a pai 	of diametrically opposed solvent ports for in-

jecting and\extracting solvent into and out from said upper 

and lower iso ation stages. 

10 

14. The automated ca cade impactor as set forth in Claim 2, 

wherein: 

each one of s 	'd upper isolation stages of each 

pair of said plurality of isolation stages is provided with a 

15 pair of diametrically oppos d solvent ports for injecting and 

extracting solvent into and 	)1.1t from said centrally recessed 

portion defined within said up er isolation stage for receiv- 

ing one of said impactor plates 	rom one of said plurality of 

impactor stages. 

20 

15. The automated cascade impactor as se 	forth in Claim 2, 

wherein: 

25 each one of said lower isolation s ages of each 

pair of said plurality of isolation stages is 	rovided with a 

pair of diametrically opposed solvent ports for injecting and 

extracting solvent into and out from a centrally 	ecessed 

portion defined within said lower isolation stage 	r receiv- 

30 ing an upper peripheral portion of one of said plura .ty of 

impactor stages. 	 ' 
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16. The automated cascade impactor as set forth in Claim 2, 

wherein: 

said lower isolation stage of a first pair of said 

pluralit 	of isolation stages is provided with an air/vacuum 

5 port, whil- said upper isolation stage of a second pair of 

said plurality of isolation stages is also provided with an 

air/vacuum po t, wherein one of said impactor stages is in-

terposed betwee• said lower isolation stage of said first 

pair of said plur::lity of isolation stages and said upper 

10 isolation stage of 	aid second pair of said plurality of 

. isolation stages, wh.reby a pressure differential can be 

created across said im'actor stage interposed between said 

lower isolation stage o' said first pair of said plurality of 

isolation stages and said upper isolation stage of said sec- 

15 and pair of said plurality •f isolation stages such that sol- 

- vent can be caused to traver - said impactor stage interpos-

ed between said lower isolatio• stage of said first pair of 

said plurality of isolation stag-s and said upper isolation 

stage of said second pair of said •lurality of isolation 

20 stages. 

• 

25 

17. The automated cascade impactor as set .orth in Claim 2, 

wherein: 

frits/membranes are disposed adjacen- 	to said 

air/vacuum ports defined within said lower isol-tion stage of 

said first pair of said plurality of isolation st-ges and 

within said upper isolation stage of said second pa"r of said 

30 plurality of isolation stages so as to permit only al 	and 

vacuum conditions to pass through said air/vacuum port 	de- 
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fid d within said lower isolation stage of said first pair of 

said 	lurality of isolation stages and within said upper iso- 

lation stage of said second pair of said plurality 

tion sta es.  

of isola- 

5 

18. The automa ed 

wherein: 

cascade impactor as set forth in Claim 3, 

10 said mo ments of said extension actuator and said 

isolation actuator 

computer 	(PLC). 

re controlled by a programmable logic 

15 . 

20 

25 

. . 

30  
. . 
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What is claimed as new and desired to be protected by Letters Patent of the United States of 
America, is: 

1. An automated cascade impactor, comprising: 

a vertical array of a plurality of impactor stages; and 

a vertical array of a plurality of isolation stages comprising vertically arranged pairs of 
isolation stages, wherein each pair of said vertically arranged pairs of isolation stages 
comprises an upper isolation stage and a lower isolation stage; 

whereby, when said plurality of impactor stages and said plurality of isolation stages are 
moved toward each other in an interdigitated manner, each pair of said plurality of isolation 
stages is interposed between successive impactor stages of said plurality of impactor stages, 
while at the same time, each impactor stage of said plurality of impactor stages is interposed 
between a lower isolation stage of an upper pair of said plurality of isolation stages and an 
upper isolation stage of a successively lower pair of said plurality of isolation stages. 

2. The automated cascade impactor as set forth in claim 1, wherein: 

each one of said plurality of impactor stages comprises an impactor plate; 

each one of said upper and lower isolation stages of a pair of isolation stages has a centrally 
recessed portion defined therein for receiving one of said impactor plates from one of said 
plurality of impactor stages; and 

a gripper arm assembly is provided for gripping said impactor plates, disposed within said 
plurality of impactor stages, and transferring said impactor plate from said plurality of impactor 
stages to said centrally recessed portions defined within said plurality of isolation stages, 

whereby, when said plurality of impactor stages and said plurality of said plurality of isolation 
stages are moved toward each other in an interdigitated manner, each pair of said plurality of 
isolation stages, that is, an upper isolation stage and a lower isolation stage, is interposed 
between successive ones of said plurality of impactor stages, while at the same time, each 
one of said plurality of impactor plates is interposed between an upper one and a lower one of 
said pairs of isolation stages, and each one of said impactor stages is interposed between a 
lower isolation stage of an upper pair of said plurality of isolation stages and an upper 
isolation stage of a successively lower pair of said plurality of isolation stages. 

3. The automated cascade impactor as set forth in claim 1, further comprising: 

an extension actuator operatively connected to at least one of said plurality of impactor stages 
so as to permit all of said plurality of impactor stages to move vertically away from each other 
such that all of said plurality of impactor stages are disposed in separated states with respect 
to each other, and to cause said plurality of impactor stages to move vertically toward each 
other such that all of said plurality of impactor stages are disposed in compressed states with 
respect to each other; 

an isolation actuator operatively connected to all of said plurality of isolation stages so as to 
respectively insert all of said plurality of isolation stages into spaces respectively defined 
between all of said plurality of impactor stages, and to respectively remove all of said plurality 
of isolation stages out from said spaces respectively defined between all of said plurality of 
impactor stages, when all of said plurality of impactor stages are disposed in said separated 
states with respect to each other, and to be respectively compressed between all of said 
plurality of impactor stages when all of said plurality of impactor stages are disposed in said 
compressed states with respect to each other whereby all of said plurality of isolation stages 
can isolate all of said plurality of impactor stages from each other. 
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4. The automated cascade impactor as set forth in claim 2, wherein: 

said gripper arm assembly comprises an upstanding standard; 

a plurality of gripper arms are fixedly mounted upon said upstanding standard in vertically 
spaced pairs of gripper arms wherein each pair of gripping arms can grip one of said impactor 
plates when transferring said impactor plates from said impactor stages to said isolation 
stages, and when transferring said impactor plates from said isolation stages back to said 
impactor stages. 

5. The 	automated 	cascade 	impactor 	as 	set 	forth 	in 	claim 	4, 	wherein: 
dependent gripper arm pins depend from distal end portions of said gripper arms for gripping 
external peripheral portions of said impactor plates. 

6. The automated cascade impactor as set forth in claim 5, wherein: 

said gripper arm assembly comprises structure for enabling movement of said gripper arms 
with multiple degrees of freedom whereby said plurality of pairs of gripper arms are able to be 
moved toward and away from said impactor stages, said plurality of gripper arms are able to 
be elevationally moved upwardly and downwardly so as to be disposed at elevational levels at 
which said plurality of gripper arms can remove said impactor plates from said impactor 
stages and deposit said impactor plates within said isolation stages, and said plurality of 
gripper arms are able to be moved toward and away from each other such that said pairs of 
gripper arm pins can grip and release said impactor plates. 

7. The automated cascade impactor as set forth in claim 6, wherein said structure for enabling 
said movement of said gripper arms with multiple degrees of freedom comprises: 

a first linear guide rail and slide block for enabling said.gripper arms to be moved toward and 
away from said impactor stages, a second guide rail and second slide blocks for moving said 
plurality of gripper arms toward and away from each other, and a rack and pinion drive for 
moving said plurality of gripper arms elevationally upwardly and downwardly. 

8. The automated cascade impactor as set forth in claim 5, further comprising: 

an impactor plate gripper arm pin wash assembly for washing and cleaning said gripper arm 
pins such that cross-contamination does not occur between drug doses. 

9. The automated cascade impactor as set forth in claim 8, wherein said impactor plate 
gripper arm pin wash assembly comprises: 

an upstanding standard; 

a plurality of vertically spaced washer plates fixedly mounted upon said upstanding standard; 
and 

a pair of impactor plate gripper arm pin wash wells formed upon each one of said plurality of 
vertically spaced washer plates for receiving said gripper arm pins dependent from distal end 
portions of said gripper arms. 

10. The automated cascade impactor as set forth in claim 1, wherein: 
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said plurality of impactor stages and said plurality of isolation stages are mounted upon a 
framework; 

a rotary drive motor, having a rotary output drive shaft, for imparting rotational movements to 
said framework, said plurality of impactor stages, and said plurality of isolation stages; and 

a mounting bracket fixedly mounted upon a distal end portion of said rotary output drive shaft 
of said rotary drive motor for mounting said framework, said plurality of impactor stages, and 
said plurality of isolation stages upon said rotary drive motor. 

11. The automated cascade impactor as set forth in claim 10, wherein: 

said rotary drive motor is mounted upon linear guide rails such that linear reciprocation 
movements can also be imparted to said framework, said plurality of impactor stages, and 
said plurality of isolation stages. 

12. The automated cascade impactor as set forth in claim 10, wherein: 

auxiliary vibrators are mounted upon said plurality of isolation stages so as to impart 
additional vibrations to said plurality of isolation stages. 

13. The automated cascade impactor as set forth in claim 1, wherein: 

each one of said upper and lower isolation stages of a pair of said plurality of isolation stages 
is provided with a pair of diametrically opposed solvent ports for injecting and extracting 
solvent into and out from said upper and lower isolation stages. 

14. The automated cascade impactor as set forth in claim 2, wherein: 

each one of said upper isolation stages of each pair of said plurality of isolation stages is 
provided with a pair of diametrically opposed solvent ports for injecting and extracting solvent 
into and out from said centrally recessed portion defined within said upper isolation stage for 
receiving one of said impactor plates from one of said plurality of impactor stages. 

15. The automated cascade impactor as set forth in claim 2, wherein: 

each one of said lower isolation stages of each pair of said plurality of isolation stages is 
provided with a pair of diametrically opposed solvent ports for injecting and extracting solvent 
into and out from a centrally recessed portion defined within said lower isolation stage for 
receiving an upper peripheral portion of one of said plurality of impactor stages. 

16. The automated cascade impactor as set forth in claim 2, wherein: 

said lower isolation stage of a first pair of said plurality of isolation stages is provided with an 
air/vacuum port, while said upper isolation stage of a second pair of said plurality of isolation 
stages is also provided with an air/vacuum port, wherein one of said impactor stages is 
interposed between said lower isolation stage of said first pair of said plurality of isolation 
stages and said upper isolation stage of said second pair of said plurality of isolation stages, 
whereby a pressure differential can be created across said impactor stage interposed 
between said lower isolation stage of said first pair of said plurality of isolation stages and 
said upper isolation stage of said second pair of said plurality of isolation stages such that 
solvent can be caused to traverse said impactor stage interposed between said lower 
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isolation stage of said first pair of said plurality of isolation stages and said upper isolation 
stage of said second pair of said plurality of isolation stages. 

17. The automated cascade impactor as set forth in claim 2, wherein: 

frits/membranes are disposed adjacent to said air/vacuum ports defined within said lower 
isolation stage of said first pair of said plurality of isolation stages and within said upper 
isolation stage of said second pair of said plurality of isolation stages so as to permit only air 
and vacuum conditions to pass through said air/vacuum ports defined within said lower 
isolation stage of said first pair of said plurality of isolation stages and within said upper 
isolation stage of said second pair of said plurality of isolation stages. 

18. The automated cascade impactor as set forth in claim 3, wherein: 

said movements of said extension actuator and said isolation actuator are controlled by a 
programmable logic computer (PLC). 


