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dispersing resin. To achieve a color match of fhe. paint bei "rﬂs teHal

standard col or, accurate anounts of fluids and di sper si ons eplaced
15 often in very small anounts. The slightest deviation fr “H,
results in off-color paint. Therefore, accurate “delivery equi

required. Another exanple is where ingredients are added to achi eve a
material within a specific tolerance.range ol and/ or viscosity linmts.
Again, precise control of addi tPRECISION MQUIDYSDDITION DEVECEeNti al, 20
parti cul arIy for materials which are sensitive to fluctuations in pH or

viscosity. A typical . appar at us whi ch was used for preC| si on punpi ng of
fluids is shown 8n Cocks, US. Paléf BlON1, 1977 V\/mch

~uses a pneunmtic control syst Elg;eg ‘ t hrw '
control, the punp accaeratelé aﬁgﬁl? | SC (;g%k @%Jﬁac I'vat gﬁ%ﬁecE vaI ves
do not accurately co B Accyrate prantity of fluids 1o aprocess yesselnr propass e d

Jan. 22,1985 di scl osgstent apparat us whi ch uses a conputer controlled punp

to deliver fluid froma suppl y m XI vessel Thi s discl.qsure
does not allow for easy 30 ?yo#? PéPP %WWW%O ﬁ%
particul arly forlenamusebmadde dnmlgeme nunufamwnggmmssrﬁw:xuhph im.lstdmt i on
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injected into 35 ‘thenda dispesmgeasml To hchi&femlomthhrﬁf thepaint bein aidde to
within the injection, deyiaf color, accurate amounts of fuids and dispersions must be added,
' 15  often in very small amounts. The slightest deviation from the formula results
in off-color paint. Therefore, accurate delivery equipment is required.

Another example is where ingredients are added to achieve a
material within a speclﬁc tolerance range of pH and/or viscosity limits.
Again, precise control of additions in small quantities is essential,

20 particularly for materials which are sensitive to fluctuations in pH or’
viscosity. '
| A typical apparatus which was used for precision pumping of
fluids is shown in Cocks, U.S. Pat. No. 4.026,439, issued May 31, 1977 which
uses a pneumatic control system. However, this control system does not
25  control the pump accurately and the disclosed liquid-activated check valves
* do not accurately control flow.

Falcoff, U.S. Pat. No. 4,494,677, issued Jan. 22, 1985 discloses
an apparatus which uses a computer controlled pump to deliver fluid from a '
supply vessel to a mixing vessel.. This disclosure does not allow for easy

30  addition of materials to an on-line system, particularly for small amounts
needed for fine adjustments of a formulation in manufacture.

An object of this invention is to allow easy and precise -
addition of materials to a process vessel or process system. Another object is
to enable all fluids which are metered to the system a_fe actually injected into

35  the process vessel or stream, with no material left within the injection device.



2 Yet anot her object of the |nvent|on |s to elim nate dead or enpty space

wi thi n:the system t hr oudghisgh C&h mode. Once the systemis filled
with materials to be adde | ati on node may be used to '
ré-suspend materials W|th such as pignents, and prevent 5

I nhonogenei two3dansa3st he const [ tuent s SUMVARY COF THE | NVENTI OpcTissessossos
apparatus di sclosed allows precise addition of fluids into a process vessel
or _.process streamto nake on-line ingredient additions or 10 adj ust nent s
using a computer controlled servo notor and a nodified sanpling val ve which

cont ai ns plunger type injection nmeans to allow €onpl ete addition of al
nmetered fluids. Fluids can be dlrectly injected into the process or into a

comon mani fol d equi pped wi th | i,ne ensur ha ddj ti on
material is flushed into the praxg %‘3%?5(’[’-‘“10?“‘““““ 1on {9'? a‘rﬁ‘#
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suspended materials sinhonfsgeneiptamon, wohstitaentg.0 whi ch cont ai ns pi gnent
or netallic flake. BRI EF DESCRI PTI O THE DRAWNGS FIG 1 is a

schematic representation illustrating the maj or _conponents of the apparatus
of the invention. 25 pUMMAR FHEINVENTION esent at i on of

a node of direct injection. DET&HCE?P%%@,@W m%fmsmm

apparatus of this invention is yse

Lverjn . accuy at e
quantity of fluid frofhPROSEHISE \Pé?gmg'%?’%%ﬁ 8%’ an' Q@Eﬁ‘?‘?‘f’i s
a mxing vessel. fthe adjusménsusing a sempliter controlibid seovo mbtoriand amoedified pH

cont ol addl 1 ves e g s i on AL S RER) i
complete addition of all metered fluids. Fluids can be directly injected into
the process or into a common manifold equipped with a chaser line to
ensure that all addition material is flushed into the process.

15 The system has a closed-loop recirculation mode controlled
by computer which allows the system to be purged of entrapped air in order
to ensure that all material within the system is incompressible. The material
within the system can also bé recirculated periodically to prevent
inhomogeneity for fluids with suspended material, such as a paint dispersion

20 which contains pigment or metallic flake. |

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic representation illustrating the major
components of the apparatus of the invention.
25 | FIG. 2 is a schematic representation of a mode of direct
injection.

DETAILED DESCRIPTION OF THE INVENTION
The apparatus of this invention is useful for delivering an
30 accurate quantity of finid from a supply vessel to a second vessel which
usually is a mixing vessel. The apparatus is useful for addition of viscosity or
pH control additives when mixing chemical components and is especially
useful for mixing pailli.tsl wherein the delivery of very small volumes with -
precision is essential,



precision is essential. il I ustrates the apparatus in which an
plesdm suppl y vessel 10 through injection

accurate vol une of 1 ThisShe
port” 22 and into produ% I upply vessel 10 contains fluids to be
added to the system 5 i) ff ans 12 may be present to ensure
suspensi ogo®fngnki ds within the liquids to be dispensed, sygitres4pigents
or netallic.flake. Pipe 16 is positioned within supply vessel 10 such that
inlet section 14 is below the surface of the fluids within supply vessel
10. Pipe 16 is connectedby ordinary neans to the inlet side of positive

di spl acenent means 18, typically, a punp 10 3 such as BarMag Mbdel SV79A
CGear .Punp. Suitabl e exanpl es of displacenent neans are a gear punp, piston

punp or diaphragm punp. Dis l, k r 30,
Pyp ol Iy, an | ndustr sl Noage- INDASTA(EES shPatatusdp YBidEar foctfint Joftihe’
el ectrical ly attacofftnidis pumpedbftomsiupply vesseh1dtiroughcinjection port 22and inteer
means 15 34, typi lxb!ts 931ustr| al Drives I\/bdel BDS- 5- 203 Amplifier,

driven by power supply 38, t a ndustrl Driver del, PSR- 5-213,
which is electrically coupl E%PPP&F@!FMb P\P@r‘dﬁs QO HEIHER- o

notor 30 measurses Apitatinpovesds 12 waby b Jmémaoeniu reguspension of solidsawithinithe

oot e Onneéﬁs”giﬁ@ﬂﬁg R aspnsPE e pEbigRRG el e PE 181
conput er 35 and. si pesitienedovithin supplg vesseln1Q such thatiinlet section 1bischelowdhe)r ned.
Conputer 35 is prow%fmnﬂu@méig%g u@% wis%aﬂeé:edayor

predeterm ned revo | ati o &ﬁm 30

ution- urgﬁ
cal cul ates from i nW5RBY gﬁl
the nunber of xoot aSuohrasBmMangddelcS\mmehePuin JSuati lesfoff | ui d from

of Mot or 1 evol ut i oluacEffifiies S5ER Jeatiul Wih bl ﬂ?‘?@'\“’?@nkﬁh@éhﬁﬂf or”
35 will download to the ser\Pisplacement meansif i lisppwre byservo motor 3
typically, an Industrial Motor, Model EB-202-A. Servo motor 30 is
electrically attached to and controlled by a motor controller amplifier means
15 34, typically, an Industrial Drives Model BDS-5-203 Amplifier, driven by
power supply 38, typically, Industrial Driver Model PSR-5-213, which is
electrically coupled to computer 35. Resolver 33 connected to motor 30
measures the angular shaft rotation of motor 30 and feeds this information
to motor controller amplifier means 34. Motor controller amplifier means 34
20 - obtains rotation and velocity commands from computer 35 and signals
computer 35 when the activity has been preformed.

Computer 35 is programmed to rotate servo motor 30
according to a pre-determined revolution-pump displacement relationship.
Computer 30 calculates from in-process mstrumentauon or from

25 programmed input the number of rotations required to pump the desxred
amount of fluid from supply vessel 10 into process stream 95. From a
predetermined relationship of motor revolutions relative to the volume of

' Xiquid displaced, computer 35 will download to the servo controller amplifier
means 34 the number of revolutions necessary for servo motor 30 to

30  complete in order to displace the required volume of fluid.

The computer is typically a digital computer such as IBM,
Intel 386-based personal computer. with an input through which formulation
information is fed. The input can be a standard key board or another
computer. - ' ' '



nmeans 34 the nunber of revol revolutlons nece sary for servo notor 30 to 30
conpl ete in order to dlmplsmeé!a@ﬁ ed volume of fluid. The conputer is
typi. cal | y a digital corrpt\ g I ntel 386-based personal
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frompositive dlsplacenent reans 18 to liquid i njection valve 22 nount ed. by
ordinary neans on pipe 90. Liquid injection valve 22 is, typically,

Sanpl i ng Val ve SV-500, Strahman Val ve, Inc. whi4ch has been nodified with a
second liquid port 26 drilled into standard side 5 port23. Pipe 16 is
attached to openi ng25 of secon | dport 26by qrdi nary imeans and pipe, 16
returns to supply vessel 10. A&ﬂmﬁ?’ﬁewl ECHBPGSIV&‘F@EP gemgt}tgpgtgmlgto%qmd

Quality Controls, I ndnjeclibsiedive?? fisbuhted by crdifiaryinegnsdn pipe 90.Kiguid injeetion
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~an open (up) or cl osehﬁsmmoqmwitbnsemdlqnidme%dﬂucdmmsmdatqﬂde

Gnier pipe 16, boo Lﬂﬁ%‘d 4 gﬁ ibe R S?e"?%rgﬁm’%“‘yﬁﬁ?qggﬂ

i nj ection valve 22 16 refugns tg Sup N’ﬁﬁﬁnp Aatomayesq

open, datﬁl oseﬁ | oop Wﬂﬂ, Qhﬂity'Con&oWlu@WﬂSW@ Z.iihlbmtmdon
punpe rough pi pe oper ati on
supply vessel 10 is ﬁ#@ﬁw&ﬁ’%‘w 5‘@@%&? cess stream
95. Agltator means 12 may used quutdsajecuonval plunger
such fluids, as tagpi e, Abse )'pasi@én.
the vol ume of fl Ui ds be | n teé | ntowgﬁo%eés% h% 95. d(ﬂé&ﬁ
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closed and solenoid valve 28 is open, a closed loop system allows fluids in
15  supply vessel 10 to be pumped through pipe 16 without entering process
stream 95.

In operation, supply vessel 10 is filled with fluids to be injected
into process stream 95. Agitator means 12 may used to assist in suspending
solids present in such fluids, as typical in color dispersions. Computer 35

20 calculates the volume of fluids to be injected into process stream 95. From a
predetermined relationship of motor revolutions to fluid volume displaced,
computer 35 will download to servo motor control means 34 the number of
motor revolutions necessary for servo motor 30 to complete. Computer 35
will signal plunger 40 to the open position and confirm that injection valve

25 22 is open. Computer 35 will then signal solenoid valve 28 to the closed
position, confirm such closed position and start servo motor 30. Servo motor
30 will drive positive displacement means 18 the required number of
revolutions to displace the desired volume of fluid. Upon completion of the
pumping cycle computer 35 positions plunger 40 to the closed position. Any

30 - fluid remaining in injection port cavity 46 will be injected into pipe 90 by the
downward motion-of plunger 40. This can also be manually operated at the
end of the pumping sequence. o

A chaser aﬁparatus to wash fluids remaining in pipe 90 into

process stream 95 is shown in FIG. 1. Electrically controlled solenoid valve

35 44 is mounted by ordinary means in close proximity to injection valve 22 on -



wi t I si gnal pl unger 40r the open position and confirmthat injection

val ve 25 22 is open ¢ei t hen signal sol enoid valve 28 to
t he ‘cl osed p05|t|on FElsed position and start servo notor 30.
Servo notqr 3 dr| spl acenent neans 18 the ¢ |red
nunber of ‘PQ\?g'P\#f’ ons to displace the desired vol une of fl uit§T %&?

conpl etion of the punping: cycle conputer 35 positions plunger 40 to the

cl osed position. Any 30 fluid remaining in injection port cavity 46
will be injected into pipe 90 by the downwar@ noti on of plunger 40. Thi-s
can al so be manually operated at the end -of the punping sequence. A chaser
apparatus to wash fluids remaining in pipe 90 into process stream95 is
shown in FIG 1. Elpipe 90.¢5s dnaltesnative, matualgheans may\bel substiisted for solenoidunt ed

by ordinary neans W\E'ﬂSP%r%&ﬂr%cfeatb%ﬁﬁl Bf‘gi{ H&én%\a&”whxchﬁé pe 90.

As an alternative, nu subs or s n0| d val ve 44.
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m sci bl e between t lsereanr®S% Duging !Oltmdwhlvéumw

asudqmshtow
conpl et on of tRe .c&#?@% X%§%é‘&dﬁaiﬂeﬁsféf§f€#%ﬂ%3% 4alp, .,
open position to aldpswpesitiondoaellowaniamountof the |r9umamcmcﬁal¢ﬂuidiomtqup¢
pi pe 90 to flush a@Otb%h&hgﬁelﬁbﬂir%%tﬁ?mxﬁﬂﬂlywﬁéﬁﬂ%ﬁ%ﬁiﬁe9631%% 90

.and into process stream 95 to,t'he .cl osed

posi tion by conput JifOSEss SFeAp 5%93??@%@“&%%9%%‘?@‘&‘%@5‘ tpy

t aken tg éo m_ni réotep mmrtsuuhbklmwgfﬁinwewpswmﬂsgamm godso as -
to avoi egraggti a e
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to pipe 90 as to pefegradationtof process mixgures A p deseribedyinyention, i r eam
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container in the absenge o
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plunger 34 in a cl deeiijeeted direvtlyimtoche praress stieamcat dontginenintherabsence dfa can

then be punped,fr O%iiﬁ?&h%r\éﬁis%?hn&%‘sbéﬂﬁ%d“zpe 16 into
: ‘The system can also be in a recirculation mode. Computer 35
_ positions plunger 34 in a closed position to create a closed loop system.
Fluids can then be pumped from supply vessel 10 through pipe 16 into
modified sampling valve 23, through open solenoid valve 28 and return to

20  supply vessel 10. Computer 35 will operate servo motor 30 for time intervals

‘and speed levels such that sufficient volume of fluids within supply vessel 10
are pumped through the system at a velocity sufficient to displace air and
resuspend any settled solids within the system, as prior to operation of the
injection mode.

25 Recirculation can also be used to periodically cycle fluids
containing suspended materials, such as paint dispersions which contain
pigment or metallic flake, at sufficient velocities, such that settled pigment
or solids are reincorporated into the fluid. Such recirculation will prevent
'inhomogeneity within the system. During such recirculation, plunger 40

30 being in the closed position will prevent valve cavity 40 from becommg filled
or plugged with suspended materials.

Standard materials may be used to fabricate the components
of the apparatus. Most components may be machined from aluminum, steel
or stainless steel, depending on the properties of the fluids intended to pass

35 through the apparatus. - -



modi fi ed sanpling val ve 23 through open solen0|d val ve 28 and return to 20
supply vessel 10. CorrputerThl@§hemH ed servo motor 30 for time
i nterval s and speed | evel s Eﬁﬁ i cient volume of fluids within
supply vesse purrped ystemat a velocity S#H. o]
di spl ace ai r{grf%’%uspend any settled solids within the syste @&‘ﬁ‘?’% r
to operation of the injection node. -, Reci rcul ation can al so
be used to periodically cycle fluids contalning suspended nmaterials, such
as’ pai nt dispersions which contain pignent or n&tallic flake, at sufficient
velocities, such that settled pignment or solids are reincorporated into the
fluid. Such recirculation wll eve t i nhono ene| thin the stem
During such recircul ation, pl un% c &8P mﬂ@l ta\l%g’ ‘BB‘!’P & i on
will prevent valve cawpesatith, 4l electricabequipment, turdh asrmqnbm;gmiommmdhs,pmh«ted
et e e d TanAthélife HYmBAALATH pledy HpEARLAII S AHIDAIYIf THe

t he apparatus. Most cQnponents um num st
stai nl ess steel, depeAvatiopabElectrical, CBQG‘Q"QP&T@O&‘W&“FI%%@ t%@& to pass
35 _through the apgar @nvitonmenss. Wien the apparatus is used in a typical :

pai nt m xing operation, all _ele u suc S .ot

controller, valves and the |i ke%cﬁ%ﬂﬂ?&ﬂ%‘é no °§’b"§ Pﬁ@ﬁ%@a%‘fe
Article 500 of The Namdraplaaamythaeoﬁadjmﬁmscbmeainﬁlemwapeand
electrically-classifi fﬁiﬁ'ﬁﬁf

the invention are ill Egﬂéatl viiesr and Eﬁpﬁ anat ory tﬁgr&e%fe var n'bﬂia %%‘Es
in the size, shape andVithinahe scope of the append mdan@% epmh% Gt ed

construction, nayibe @ﬁ-ﬁoﬂmhmeﬁﬁm scope of the appended cl ai ms and
wi t hout departl ng fromthe 10 spirit of t he inventi on.



7 CLAIMS What is clai rred is: 1. An appmt‘us for delivering a controlled

volume of fluid 5 from a]m t asmR&SRIblald @ Process stream which conpri ses:
(a) 'at least one l'iquid-s (b) a positive displacenent neans
capabl e of delivering a‘c f mﬁé me of fluid.fromsaid supply vessel;
(c)- control WOR$282¥ns coupl e ositive di spl acenment 1PCT/US94/04509
means whi ch drives said p05|t|ve di spl acenent neans; (d) a conputer capable
of storing progranms electrically connected to said operating system (e) a
injection valve having three-injection ports, wherein the first port
receives fluid fromsaid supply vessel, the second port 15

allows said fluid to flow out of said |nJect|on valve into a process |line
and a third port which allows fluid to flowto a recirculation line; (f) a
plunger in said injection valve being pOSItIQﬂ&MAthI n said injection

val ve such that fluid may enter the space w aid 20 ‘

i njection val ve, sai Vhatisglaimedisi ng as a syringe to performconplete

addition of taterials at the cqnp ‘Fﬁl& fluid
sol enoid controlled Qy the co qutéﬁh?gﬁa%os%ﬁg %Qg? owiéc?f rc%g?’lfo}ln of
fluids fromsaid 2Bup %m?égﬁ @gg%sggamw hich comprises: yj ecti on val ve
back to said supply vessel (ay\,hatlyaammlu@@ ') esgem;rough t he notor

controll er nmeans activates S 3% "%&Qgﬁﬁg ‘(5%25?8%?8?8@5‘%%%?3??2%

U

means to punp a vol une of f
val ve as the plunger is in thecopolledilume of Suidifram saidsupplyaesseli ds ent er

S T T oy S e e S b g
rives said positive displacement means;
| ~ (d) acomputer capable of storing programs electrically connected
to said operating system; :
(e) ainjection valve having three injection ports, wherein the first
port receives fluid from said supply vessel, the second port
15 allows said fluid to flow out of said injection valve into a.
process line and a third port which allows fluid to flow to a
. recirculation line;
(f) aplunger in said injection vaive being positioned within said
, ~ -injection valve such that fluid may enter the space within said
20 | injection valve, said plunger acting as a syringe to perform
complete addition of materials at the completion of the
pumping cycle;
(g) asolenoid controlied by the computer to a position to allow
_ . circulation of fluids from said supply vessel through said
25 injection valve back to said supply vessel; _
wherein said computer through the motor controller means activates the
motor which drives the positive displacement means to pump a volume of
fluid from said supply vessel into said injection valve as the plunger is in the
_ open position such that pumped fluids enter said process stream.
30 | | | o .
2. Apparatus as claimed in claim 1 wherein said computer is
a digital computer.

3. Apparatus as claimed in claim 1 wherein said computer
35  has a keyboard input or has input from a second computer.

A




keyboard | nput or has |np conput er: 8 4. Apparatus as
claimed in claim1l wherei ing systemis (a) a servo notor
connected to @ Q pl ac (b) a resolver R
"to-said servo notor for measuri'ng angul ar rotation and notor sgeé@fgoi? ' 9
di spl acenent neans within said notor; and (c) a notor controller anplifier
nmeans el ectrically connected to said resolver which receives a signal on
angular rotation from10 sai d resolgrer and thereby conputes
notor speed to control the notor and output of said positive displacenent
nmeans. 5. An apparatus for delivering an accurate volune of fluid froma
supply vessel to a process stream which conprises: 15 (a) at |east
one |iquid supply vessel; (b) a@OﬁpthﬂssdﬂlﬁhﬁﬁEﬁ?ﬂhlﬂﬁh%r&ﬁ@ﬁﬂ'dén%llmg
punpi ng an accurate volunme of fluid fromsaid supply vessel; (c)

control ling nmeans cou said positive displacenent neans which drives
sai d positive displacenent n@nsa.seﬁhmotorconnec(teﬂmatﬂ)dlpplaeemuapm of
storing prograns elgectricall CQASE c&tﬁ Eﬁ;,b ?ﬁ@as

I njection val ve havsieng threen?)nj ect] on por e&%?\% ﬁ%tél r's ﬁxﬁﬂg
receives fluid fromsaid supply ml?é#owuneagémmcd Ofadlﬁmmwtdnﬁlﬁl d
to flow out of said injection vakifinisaidimatofRand process |ine
and a third port which allo fluid to f eC|rcuI onllne

pl unger in said injection v\gf@e 4, Mooy 998 E'PWFWE@ ’GﬁF to”
val ve such that fluid may enter saixbrcmmmmamgnalamangﬂaﬂmmnﬁam
plunger acting as g syringe to pggd fisBiver and thereby computes motor speed to control the

motor and output of said positive displacement means.

3.. Apparat us as cl ai ned 'rﬂ. l_msé‘[iwﬁerel sai d corrputer 35 has a

5. An apparatus for delivering an accurate volume of fluid
from a supply vessel to a process stream which comprises:
15 (a). atleast one liquid supply vessel;
(b) a positive displacexhent means capable of pumping an
accurate volume of fluid from said supply vessel;
(c) controlling means coupled to said positive displacement
. means which drives said positive displacement means;
20 (d) acomputer capable of storing programs electrically connected
t0 said operating system;
(e) a mjecuon valve having three injection ports, wherein the ﬁrSt
port receives fluid from said supply vessel, the second port
allows said fluid to flow out of said injection valve into a
25 _ process line and a third port which allows fluid to flow to a
‘ , recirculation line;
(f) aplunger in said injection valve being positioned within said
injection valve such that fluid may enter the space within said -
injection valve, said plunger acting as a syringe to perform

. 30 o complete addition of materials at the completion of the
- pumping cycle;

(g) asolenoid controlied by the computer to allow circulation of
fluids from said supply vessel through said injection valve back
to said supply vessel;

—_—

A



30 . - corrplete addition of materials at the conpl etion of the
punpi.ng.cycle; (g) a spisnekHatRBiKphidd by the conputer to allow .
ci rcul ati ow94/X5p38i ds f vessel through said i RCERISHAIESIRI ve
back to said supply vestgmﬂwﬁﬂm IEI conduit which carries fluids to
flush a supply line who \ rolled by a solenoid controlled by
said conputer; wherein said conputer through {he notor controller neans
activates the notor which drives the positive~displacenment neans to punp a

volume of 5 fluid fromsaid supply vessel into said injection valve as.
the plunger is in the opemhpouémmﬁuiehc&ﬁﬁtsmmgnedlufshwsdﬁplymewmﬂow

t d pl t d d
G0l onoi d openi hg to al I ow 11 e FPas Be soIEBREGPRrpHeEhy id copputert *°°"
6. Apparatus as cl awherein saidicamputerthrugh thes miotbroomgroller meansaativaies e -
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the motor and out puallowﬂwdsdrmsaxduomddntwemenent means.

10 - 6. Apparatus as claimed in clalm 4 wherem said computer is
a digital computer.

7. 'Apparatus as claimed in claim 4 wherein said controlling
means is . . o
15 " (a) aservo motor connected to said displacement means;
(b) a resolver connected to the motor for measuring angular
rota\Bon of dlsplacement means within said motor; and |
(c) amotor controller amplifier means electrically connected toa
L ~ resolver which receives a signal on angular rotation from said
20 - ~ resolver and thereby controls the motor and output of said
positive _displacemént means. '
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