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Milking system design hashangd damdically in recent yars. Lage pafors of up to
100 milking units hee been pmarily responsite for these aghances in design.he US.
leads the wrid in the design of highlefficient, moden and &ractie facilities.

The industy has adanced with sophistited component design, wever, fundamental
systems design hagged in deelopment. Br example most systemleaning designs ka
evolved from field experience and ol recenty have basic teaning paametes been
investicated

Vacuum pumps:One aea of contoversy thd has &isted br mary yeas is tha of the
required vacuum pump gzacity Guidelines & often pomulgated without &pelimental &i-
dence of pedrmance The equired pump cpacity is ¢ealy govemed ly the amount of air
usaye & the specied opesating vacuum br milking and/or vashing Usaje requilements
(10) ae shovn in Table 1.

Smith et al. (9) detemined washing usge on 11 &ms in Calibmia to ange from 2.3 to
7.8 scfm, vhile average air usge duing milking was .2 to 1.15 cfm. Spencer (8) detared
milking vacuum equirements Wich induded gnepus allavances ér opeetor usge and
by-pass airdr regulators having substantialequiements, Fure 1.

Pipe siz: Pipe sizing is wll developed fom a design standpointitithe aailable daa is
not utilized as mch as is desable. Vacuum head losstiles ae available to pecisel deter
mine si2 based upon aifow, pipe diameterength and amber of fttings. Table 2 lists
those lossesdm which calcul@ions can be don®f either analsis or design pyoses. A
vacuum head lossingng from 0.25 to 0.5” Hg isscommendedvhile a easonble maxt
mum of 0.75” Hg is sugested Table 3 lists the equalent lengths of sight pipe to inltide
in head loss detarinations. Table 4 is deived from tables 2 and 3 Wich gves a quik, easy
reference to pipe s&

Our obsevations indicae tha the pipe sie from the egulaor to the balance tank is often
too small. Ay piping system should be designed full pump cpacity from the egulaor
to the pump since this is thesarof gedest air fow. It is also sugested thefull pump cpac
ity should be accommottal to the ecever assemly, since this maalso be theegulator
location.

Milk pipes: Recenteseath indicaes thamilk pipe siz2 ecommend#ons ae in selous
need of eview. Milk pipe siz is a dibotorny of design in milking and ashing equiements.
Most authoities agree thastratified flow is desied duimg milking, while plug or sluglbw
is necessarto dean duing the wash gcle, see iow patems Rgure 2. Measung slug fow
can be detenined ly monitoing milkline vacuum. A acuum dop of 0.6” Hg fom mean
milking vacuum is aeliable indicaor of slug brmation (4).
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Spencer and By (12) detemined thathe carying cgacity of 3 in& milk lines eceed
those of the 3Aecommend&ons for milking. Length of pipeline has little fefct upon car
rying cgpacity (7) while the unit #achment ete has a signifant beaing upon theequired
diameter (2). Pipeline slope has a sigaifit afect upon pipeline caying cgacity (5) as
does tansient air admissionh€ efect of slope can be noted il 6.

Vacuum level: Opegting vacuum ecommend#ons ae also in need okview. Maru-
factuers ae often eluctant to specify an o@ting vacuum since no pcise dea ae avail-
able. Our studies indida thd thee is an inteaction of lines and acuum, thegfore linets
should be optimied to opeating vacuum. Liner slipate increases asacuum is lavered
from 15” Hg It is inteesting to note thidahe ecommend#on in Floiida for vacuum setting
is 15" Hg “No more, No less” (1). Our guide to setting systeacwum is shan in teble 5.

It is not uncommon to hear theacuum should be set the teaend Consider thiathe
vacuum &athe tedend is cv dgpendant, thiais, vacuum waries d the teaend deending
upon milking ete. There ae other arables sub as height of pipelindose length and sz
air vent iate (11) and type of autorti@detader. The best thiacan be done is to set system
vacuum and theacuum &athe tedend has todll where this combintion of factos dictde.
Vacuum fuctudion is an gen moe compl& issue since milk and airaim two phaselow
from the milking unit to the milk pipeviary vaiable varations deelop due to this phe
nomena. fus, \acuum settings based uponttead \acuum ae difficult, a best.

Cleaning: No design is complete without consiithgythe teaning perdrmance of a milk
ing system. It is gneally acceted tha slug fow is required duimg the wash gcle so tha
the wash solutiongadhes all milk contact suates. Tie iequired air fow dgpends upon pipe
diameterrangng from 30 to 55 cfm on a 3-ihdine (6). A lager pump cpacity dove the
maximum sugested will not impove deaning perdrmance A crucial factor in poper slug
maintenance is the air injector timings a guidedividing the length of line to bdeaned
by 25 will give the @proximate time of air injector open tim&he air injector shouldemain
open until just befre the slugeates the écever. Excessie air wlumes admittedybthe
air injector mg break dovn the slug after its’ aginal formation. Slug elocities ange from
23 to 32 ft/s.

Air injectors ae often installed on the unitash lines. Tis mg force jetter cups dthe
liner mouthpieces anésult in inadequa deaning In our pelience the air injector mount
ed in the milk oom on the \&sh suppl pipe to the main milk pipe yields the besgults. A
continuous air leed to the unit awshes will usually provide adequie turtulence up to
12 units (Douke 12 palor) and educe the total ash solution @lume Padors tha are lag-
er than a doub-12 ma require a vash pump to suppkenough ater to the units and hieve
an e/en distibution of water among units. An elecinic recoder to monitor slug pasgaor
a viside pipe section mounted in the milklinagrto recever enty will aid in detemining
washing pedrmance

The future: In the futue it is desiable to impove systems design using kmo eng-
neeimng plinciples. Moe reseath, especiajl with regard to deaning is needed in dler to
account 6r the wide wariety of systems. &tential &ists to gealy improve enegy use or
vacuum systems. Reselara Comell University (3) has shen thd adjustéle speed/dual
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vacuum systems capduce engy use ly 50% or moe. Reseash has akead/ shavn tha
the re-use of detgents is possib.

In Europe large diameter milk pipes (8”) alin use withoutecever asseniies. They are
cleaned with intaral spey rails. We have only begun to use the meels of electonic dda
cgpture. On-line conductity measuements, dt, protein, and sonte cell counts & possi
ble. Perhgs a pegnang specifc protein could detenine pegnang staus. The use ofabots
may be economicall feasitbe as conditionsl@ange. The use of shielding to giect fiagile
components will no doubt inease Underthe-plaform piping to ¢ear the opettor aea and
protect elecnic metes will probably increase in populdy. The ate of dang thd has
characteized the last decade isdily to acceleste.

Table 1: Vacuum usage of events during milking.*

Event Cfm usage, ASME
Remove unit 0to4.1

Put on unit.1to 8.0

Machine strip 110338

Liner slip 40t08.0

Unit fall off 20.0 to 50.0

* From (10).

Table 2: Vacuum drop per 100 feet of PVC pipe(inHg).*

Cfm, ASME 2inch 3inch 4inch
30 .25 .04 —
40 41 .06 —
50 .60 .08 —
60 .75 12 —
70 1.03 .15 —
80 1.14 19 .06
90 1.43 24 .07
100 1.71 .29 .08
150 — 61 .16
200 — 1.10 .26
250 — — .39
300 — — 54
350 — — 71
400 — — 91

* At 15 inHg. vacuum head.
From Spencer, S. B. and G. A. Mein. 1991. ASAE paper #913509

Table 3: Equivalent lengths of straight pipe (in feet) for various pipe fittings and pipe diameters.

Nominal pipe size, inches

Fitting (ID,in.) 2 3 4
Elbows:

45° standard 15 25 3

90° med. radius 3 4 6

90° short radius 6 10 12
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T-pieces:

Through flow 3 4 6

Side flow 7 9 15

Sweep, side flow 35 5 7
Expansion, contraction and tanks:

Receiver, trap 10.5 14 22

Contraction —

tank to pipe 35 5 7

Expansion —

pipe to tank 7 9 15

Table 4: Recommended minimum pipe sizes (in inches) for the main airline of milking systems (11).

Vacuum pump (Length of main airline, in feet)

capacity 20 40 60 80 100
Cfm-ASME Nominal pipe diameter, inches

50 2 2 3 3 3
60 2 3 3 3 3
70 3 3 3 3 3
100 3 3 3 3 3
150 3 4 4 4 4
200 4 4 4 4 4
250 4 4 4 6 6
300 4 6 6 6 6
350 6 6 6 6 6
400 6 6 6 6 6

Table 5: Suggested operating system vacuum (10).

Type of system Inches of mercury
High line 14.0t0 15.0
Low line 13010 14.0
Mid line 13510145

Note: Operating vacuum may depend upon liner collapse resistance characteristics. It is suggested that liners with low
resistance to collapse be used at the lower end of the ranges above, while high resistance to collapse liners be used at the
high end of the range. Low resistance liners are defined as requiring less than 4"Hg differential to liner wall touch point
while high resistance liners are greater than 4" Hg pressure differential to liner wall touch point.

Table 6: Effect of slope and transient air admission on number of units per slope (4).*

Number of units per slope

Slope
Milkline size 0.5% 1.0% 1.5% 2.0%
2inch 2 3 4
525inch 4 6 10
3inch 6 10 16 24

(*: Based upon an average maximum flow rate of 12 Ibs. per minute and transient air admission of 3.5 scfm.)
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