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Introduction 
The milking machine is the most critical piece of equipment on a dairy. It is a rare example of 
using a mechanical device on living tissue on a very regular basis. The goals for its use are: 

• Milk cows rapidly 
• Milk cows completely 
• Milk cows gently 
• Cause minimal harm to tissue 

Achieving these goals is not simple; close attention to detail is critical. Some of the goals may 
oppose each other and interact in complex ways. For example, milking cows rapidly requires a 
higher vacuum, but milking cows gently may require a lower vacuum. However, lower vacuum 
in turn may actually cause more tissue damage since the unit may be on for a longer period of 
time. It should therefore be evident that anything that affects claw vacuum may have a positive 
or a negative effect on milking performance. 

One determinant of final claw vacuum is the amount of air admission into the claw. This air 
admission can be intentional (air vents) or unintentional (leaks). A simple experiment was 
designed to illustrate basic concepts of air admission to a milking unit. This experiment was also 
designed to compare and contrast the effects of air when either lifting milk to a milk line or 
dropping milk to a milk line (as is done in low line and basement parlors). 

Experimental Design #1 
A Bou-Matic old-style "barrel" claw was attached to ten feet of 5/8" milk hose. All four teat 
cups were removed; the front two teat cup ferrules were taped closed. One rear ferrule was 
attached to a bucket equipped with a water flow meter with a range of 0 to 2.2 gallons per minute 
(Dwyer Instruments, water flowmeter RMC-142SSV). The other rear ferrule was attached to an 
air flow meter with a range 0 to 50 cubic feet of standard air per hour (Dwyer Instruments, air 
flowmeter RMC-lOI) and was attached to a valve to allow control of air admission. 

Two different configurations of the equipment were used. Both configurations were identical in 
line vacuum settings (l4.7"Hg), hose size (5/8"), hose length (10'), and liquid flow rates (1.5" 
gals/min). The original claw air vent was sealed. The only major difference was that in the first 
case the liquid was raised six feet above the level of the claw and in the second case there was a 
six foot drop from the claw level. The hose was positioned to allow smooth flow from the claw 
to the line, with no loops or dips in the hose. For each configuration, air was admitted from 0 to 
50 CFH in five CFH increments and the resulting claw vacuum measured. Results are shown on 
the next page. 
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Table #1. Deviation from Line Vacuum Levels 
6 ft Lift 6 ft Drop 6 ft Lift 6 ft Drop 

In Hg Dey In Hg Dey In Hg Dey In Hg Dey 
CFH CFM from Line from Line CFH CFM from Line from Line 
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0.00 -3.6 

0.08 -3.2 

0.17 -3.2 

0.25 -3.1 

0.33 -3.1 

0.42 -3.1 

DeVlIl1lOf'l 0lIl une VACUum 

SIxFHtUft 
10' Long SlIM ~ 1.f.rHg vaeuum 1.5 pis/Minut. Liquid Flow 

1.5 

-0.1 

-0.3 

-0.4 
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-0.6 

25 0.42 -3.1 -0.6 

30 0.50 -3.1 -1.0 

35 0.58 -3.3 -1.3 

40 0.67 -3.4 -1.4 

45 0.75 -3.5 -1.8 

50 0.83 -3.6 -2.1 
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Graph 1. Effect of air admission on 
claw vacuum with six feet of lift. 

Discussion 

0 

, 
............ 

~ 

040 050 CIll>tc.F_ , .. __ A .. __ 

claw vacuum with six feet of drop. 

These results, while crude in measurement, illustrate the importance of properly sized air 
vents into a claw to maintain claw vacuum. In the case of lift, the air admission is needed 
to break up the solid column of milk. Smaller "slugs" of milk followed by air require less 
energy than a solid column of liquid as shown by the lower vacuum when no air is 
admitted. However, excessive air admission can also lead to lower vacuum as the excess 
air travels through the milk slug and disrupts it. 

When dropping milk, vacuum rises with no air admission if there is sufficient milk in the 
hose to form a solid column. Admitting air prevents this rise from occurring. Again, 
excessive air admission will lead to lower vacuum levels. Excessive air admission can 
also lead to higher rancidity potential due to disruption of fat globules. Additional factors 
that may contribute to formation of a solid column of milk include loops in milk hoses, 
restrictions in the milkflow path, and possibly certain pulsation rates and ratios. 

Therefore, while the purpose of air admission may be different when dropping milk 
versus lifting milk, the proper amount of air admission is still important in either case. 
The results shown here would indicate a range of 0.20 to 0.40 CFM would be 
satisfactory. Remember that air can also be admitted unintentionally into a claw by leaks. 
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Experimental Design #2 
The same claw as used in experiment # 1 had five different hole sizes drilled on both sides 
of the claw. Each hole was opened and the air admission was measured at 6 different 
vacuum levels. The air flow was measured using the same air flow meter as in 
experiment #1 (Dwyer Instruments, air flowmeter RMC-I0l). The five hole sizes ranged 
from 0.021 inches to 0.035 inches. Typical air vent size for commercial claws is 1132" 
(0.0313 inches). Results are show below. 

Table 2. Drill Bit Sizes 
Hole # 1 2 3 4 5 
Bit Number 73 71 69 67 65 

Inches 0.0240 in 0.0260 in 0.0292 in 0.0320 in 0.0350 in 
Note: For companson purposes, a 22 ga needle IS 0.0280 mches and a 20ga needle IS 0.0355 inches. 

Table 3. Cubic Feet/Minute Air Admission. 
Inches Hg Vac Cubic Feet per Minute 

15 0.18 0.22 0.25 0.30 0.38 

14 0.15 0.18 0.23 0.27 0.35 
13 0.13 0.17 0.22 0.25 0.33 
12 0.13 0.17 0.22 0.25 0.33 
11 0.12 0.15 0.20 0.23 0.30 

10 0.12 0.15 0.19 0.23 0.28 

Discussion 
These results indicate hole sizes of 0.026 inches to 0.035 inches would result in air 
admission rates in the desired range of 0.20 to 0.40 CFM. Note the amount of air 
admitted does vary with the vacuum level in the claw. Since the standard air vent in the 
industry is 1132" (0.0313 inches), there appears to be no reason to alter this 
recommendation for low lines or basement parlors. 

The method used to measure the air admission can also be used on dairies to measure the 
amount of intentional (air vents) and unintentional (claw leaks) air being admitted to the 
claw. All sources of air admission need to be accounted for when troubleshooting. 

Summary 
An air vent that admits 0.20 to 0.40 cubic feet of air per minute into a claw allows proper 
vacuum levels to be present in the claw, whether the milking is into a high line or a low 
line. A blocked air vent will cause a vacuum drop in a high line, but will cause a vacuum 
rise in a low line or basement parlor. The standard 1132" air vent should be satisfactory in 
most cases. Total air admitted to the claw can be easily measured using a properly sized 
air flow meter. 
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Excessive air admission will lead to lower vacuum levels, increased turbulence, and 
possibly higher rancidity. These results show that close attention needs to be paid at all 
times to ensure the air vents remain open. On the other hand, care must be taken to not 
enlarge the holes by inserting metal objects such as needles. 
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