
Intelligence for a Quality Milk Harvest

Milking System Design and Analysis

Roger S Thomson, D.V.M.
MQ-IQ Consulting, LLC

University of Guelph
Dairy Health Management Continuing Education Program
Module 5: Milking Equipment, People and Procedures

January 23-25,2018

Heart and Soul of the Dairy Facility

Milking System Design and Analysis

In the Beginning!

Heart and Soul of the Dairy Facility

Milking System Design and Analysis

Today!
Reasons for an Independent Analysis

If you are going to Sell Things...
               Be a Salesperson!

If you are going to Fix Things...
               Be a Repair Person!

If you are going to Analyze Things...
               Don’t Sell or Fix Anything !!!

Milking System Design and Analysis

Dr Andy Johnson
AABP Milk Quality Pre-conference Short Course



Reasons to Analyze Milking Systems

1.  Improve Mastitis Control & Milk Quality
2.  Improve Milking Performance (speed and completeness of milk out)

3.  Decrease Energy Consumption
4.  Decrease Pump Wear w/ Lower Vacuum
5.  Decrease Dirt going through Regulator
6.  Aesthetic or Cosmetic Reasons
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NMC Handbook
Procedures for Evaluating Vacuum Levels and Air Flow in Milking Systems

The Mastitis Tent Labor

Treatment Protocols/ 
Residue Avoidance

Milking Equipement 
Settings & Maintenance

Cow & Her 
Environment

Milkers & How 
They Milk Your Cows

created by  

Roger S Thomson, DVM 
MQ-IQ Consulting, LLC

Milk Clean, Dry, Well Stimulated Teats
1. Consistently
2. Quickly
3. Comfortably
4. Completely 

Direct Cow Flow
1. Do not let the parlor run out of cows
2. Do not mix cows
3. Handle cows gently, humanely
4. No more than 3 hrs/24hrs
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Milk Harvest Goals Basic Design
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Basic Design
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Basic Components

Pump HP 

Bulk tank 

A.  Vacuum Pump
B.  Vacuum Regulator
C. Milk Line
D. Pulsator Line
E.  Claw

A.

B.

C.

D.

E.
Sanitary Trap

Receiver

Balance Tank

Pulsator Line

Pulsator

Milk Line

Milking ClusterMilk Pump

Dr DJ Reinemann, “Advances in Machine Milking Research: Milking Liner Characteristics”, www.uwex.edu/uwmril

System Evaluations

Three Key Areas of Concern
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1. Stable System Vacuum (Regulator or VFD)

2.  Pulsator Function

3.  Liner Function

NMC‘s “Procedures for Evaluating Vacuum Levels and Air Flow in Milking Systems”  

1. Unit Fall-Off Test 

2. Effective Reserve 

3. Manual Reserve 

Evaluating a milking system’s vacuum 

System Evaluations
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System Evaluations

Cardinal Rule:

Air In  
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Vacuum

Air Out  Vacuum
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Main Controllers
Milking System Design and Analysis

Basic Design
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Rotary Vane Vacuum Pump Rotary Lobe Vacuum Pump



Consistent Vacuum Supply

Sizing a Vacuum Pump to a Parlor

1. Basic milking system needs - 35 CFM (990 L/min) (5/8” ID milk inlets)  

2. Basic milking system needs - 60 CFM (1698 L/min) (3/4” ID milk inlets) 

3. A milking unit uses approximately - 2-3 CFM/s (56.6 - 84.9 L/min)

4. Each Hp vacuum pump motor  produces approximately - 
10 CFM’s (283 L/min) per 1 Hp electric motor
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Steady Vacuum Level Critical

Requires:
1. Regulator

      2. Variable Frequency Drive (VFD)

ggggggggggg

Producing Steady Vacuum Requires

1. A properly tuned Variable Frequency Drive  

2. A properly functioning vacuum regulator 

3. Goal = Average Claw Vacuum @ Peak Milk Flow 

NMC/ISO range = 9.5”Hg (32.2 kPa) – 12.5” Hg (42.4 kPa)

4. Higher vacuum = faster milk out (> 12.5” Hg / >42.4kPa = congestion) 

5.     congestion =     mastitis risk 
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Testing System Vacuum Levels
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Plate Coolers
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Milk Filters
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Milking Unit/Cluster
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Milking Unit/Cluster
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1. Milking Claws - bottom unloading; top unloading; various shapes

Milking Unit/Cluster
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2. Inflation or Liner - rubber or silicone
                               round, triangle, square or oval
                               narrow, medium, large or taper bore
                               vented or non-vented

Milking Unit/Cluster
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3.  Shell - metal; plastic; weighted; non-twist; reusable; throw-away



Milking Unit/Cluster
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4.  Shut-off - claw; milk line manual or automatic; flow sensor; meter

Milking Unit/Cluster
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    5.  Vent - fresh air opening in claw or liner

Pulsators
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Pulsators
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B phase



Pulsators
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D phase
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Pulsators

Pulsators
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Pulsator Graphs
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Pulsator Graphs
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Pulsator Graphs
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A and C phases are function of the equipment

Liner X Liner Y

Pulsator Graphs
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B phases

D phases

Pulsators
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Pulsators Controllers
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Pulsation Monitoring
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Annual* - complete system evaluation w/ milking time testing

Biannual* - service and graph pulsators
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Monthly* - measure vacuum levels
-  perform unit drop off test
-  effective & manual reserve
-  vacuum regulator closure
-  graph pulsators

* - parlors running +18 hrs/day need more frequent evaluation
    - parlors running 24 hrs/day = 8760 hrs/year

Dr Andy Johnson
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System Evaluation Frequency Regular Maintenance
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Tubing and gasket replacements
Milk hoses = 4-6 months
Twin pulsation tubes = annually
Short pulsation tubes = biannually

 Liner Replacement
1200 -10,000 milkings
90 days in small herds

Clean and rebuild pulsators
Direct pulsators = 2500 hrs
Indirect pulsators = 4500 hrs

Clean regulators
Monthly




