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TABLE OF ATTENUATION ERROR AS A FUNCTION

OF VANE -ANGLE ERROR FOR ROTARY VANE ATTENUATORS

Wilbur Larson

The table of attenuation error as a function of vane -angle error

gives the error in decibels caused by vane misalinement which is

common in the rotary vane attenuator. The attenuation errors corres-

ponding to vane-angle errors ranging from zero to 0.499° (in

increments of 0.001°) are presented for selected angles over the range

of attenuation values from 0. 01 to 70 db. The table is divided into the

following intervals of attenuation value increments: 0.01 - 0. 1 db in

0.01-db increments, 0. 1 - 1 . db in 0. 1-db increments, 1 - Z0 db in

1-db increments, and 20 - 70 db in 5-db increments.

With the aid of this table, the calibration data of a rotary vane

attenuator can be analyzed for numerous characteristics, including the

following: misalinement between rotor and stator sections, realinement

techniques, resettability, and backlash.

1. INTRODUCTION

The waveguide rotary vane attenuator, often used as an inter

-

laboratory standard, has a common systematic error which is

caused by the incorrect alinement of the center vane of the attenuator

relative to the end vanes. The vane -angle error and the correspond-

ing deviation in attenuation from the dial setting can be determined

from the calibration data and table 1. The average of the vane -angle

errors determined at each measured dial setting is referred to as

"average estimated vane-angle error." This "average estimated

1



vane -angle error" can be used to adjust the attenuator so that the dial

reading will correspond more closely to the true value of attenuation.

Table 1 gives the values of the error, e, for a given value of

attenuation (A = - 40 log
10

cos 0) according to the relationship

An i

cos (e + en
e = - 40 log 10 '510 cos e

where Q is the true vane angle and Q' is the angle of vane misaline-

ment. Thus, the angle Q' is the difference between the indicated vane

angle and the correct vane angle.

Table 1 is divided into the following intervals of attenuation value

increments: 0. 01 - 0. 1 db in 0. 01-db increments, 0.1 - 1 . db in

0. l~db increments, 1 - 20 db in 1-db increments, and 20 - 70 db in

5-db increments. The corresponding vane-angle error is given for

each 0.001° from zero to ± 0.499°. The intervals are sufficiently

small so that linear interpolation can be used.

Errors in setting made by the operator may be included. In this

case the error, as shown by Larson (1962), becomes

cos(e ± e + e )

, ~ ,
f fO fl

e r
= 40 1og 10f toi0 cos Q

where Q is the vane angle at the final setting, Q is the error in

rotational alinement of the vane angle, and Q is the vane -angle

error made by the operator.

2. VANE -ANGLE ERROR

Misalinement in the center section of the rotary vane attenuator

causes a vane-angle error which is correlated to the deviation in

decibels of the attenuator dial reading from the measured value. The

deviation at each setting can be converted to vane-angle error with

the aid of table 1. To determine the vane -angle error of the attenu-
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ator, consider the measured values of attenuation and the deviation

at each dial setting. The procedure is illustrated by the following

example with the aid of table 1.

The calculated data for this example is summarized in figure 1.

The dial setting in decibels is given in column one. In column two, the

measured values for each setting of the dial are listed, and column

three gives the dial error in decibels. The dial error in decibels is

determined for each dial setting by determining the difference between

the dial setting in decibels and the measured value of attenuation. The

measured value of attenuation at the 10 -db dial setting is 9. 954 db, and

the dial error shown in column three of figure 1 is 0.046 db. The

error in decibels listed in column three is converted to estimated

vane -angle error in degrees for each dial setting by using table 1 and

is recorded in column four. At the 10 -db value of attenuation, a

deviation in attenuation of 0. 046 is found in row eleven, column four

of table 1, page 91 1
. Thus, the estimated vane -angle error is approxi-

mately -0. 103° at the 10-db dial setting. The average for the estimated

vane -angle errors for all measurements on the attenuator is shown at

the bottom of column four. Column five gives the deviation from the

average for the estimated vane -angle errors in degrees. For those

values of estimated vane-angle error greater than the average, the

deviation listed in column five is preceeded by a minus sign; for those

values of estimated vane -angle error less than the average, the

deviation listed in column five is preceeded by a plus sign. The error

1 To be theoretically correct, the calibrated attenuation value should

be used rather than the indicated value. Usually the error involved

would be small and can be ignored. For greater accuracy the

measurements may be repeated after adjustment, or interpolation may

be used, or the calibrated values could be arranged to fall on values

in the table.
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in decibels with the average estimated vane -angle correction applied

is given in column six. This was determined from table 1 using the

deviation listed in column five corresponding to each dial setting. For

example, a deviation of 0.015° at an attenuation value of 25 db

corresponds to approximately 0.019 db.

The measured values of attenuation listed in column two of

figure 1 are plotted in figure 2 showing deviation in attenuation from

nominal versus dial setting in decibels. Again, using table 1, the

attenuation error in decibels for the average of the estimated vane

-

angle errors in degrees (0.095°) is determined for each of the seven

settings of the attenuator. This attenuation error can also be obtained

by adding column three plus column six. These results are listed in

column seven of figure 1 and are used to plot the smooth curve in the

upper portion of figure 2. The lower portion of figure 2 is a plot of

the values listed in column six of figure I.

3. RESET TABILITY ERROR

Table 1 also may be used to determine the resettability or

operator error caused by setting the dial hair line on one side or the

other of the scale marking. Let us assume that a dial setting to the

left of the scale marking decreases the attenuation approximately

0. 1 db and that a dial setting to the right of the same scale marking

increases the attenuation approximately 0.1 db at a scale marking of

40 db. The table indicates that a deviation in attenuation of approxi-

mately ±0.1 db at an attenuation value of 40 db corresponds to a vane-

angle error of ± 0.033°. The curves in figure 3 show the limits of

attenuation error caused by a vane angle error of ± 0. 033° over a

range of to 40 db. The points for these curves were determined

using table 1

.



The calculations for table 1 were programmed for an electronic

computer by B. C. Yates of the Microwave Calibration Services

Section. The author wishes to express his appreciation to B . C. Yates

and R. E. Larson for their suggestions and helpful discussions.

4. REFERENCE

Larson, Wilbur, Analysis of rotation errors of a waveguide

rotary vane attenuator, 1962 IRE International Convention
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6. INDEX

Attenuation Theta Theta prime

in decibels in degrees in degrees
0-0. 169 0. 170-0.339 0. 340-0.499

1.9439

page page page

0.010000 9 10 11

0.020000 2.7488 12 13 14

0.030000 3. 3663 15 16 17

0.040000 3.8867 18 19 20

0.050000 4.3450 21 22 23

0.060000 4.7593 24 25 26

0.070000 5. 1401 27 28 29

0.080000 5.4945 30 31 32

0.090000 5.8272 33 34 35

0. 100000 6. 1418 36 37 38

0.200000 8.6775 39 40 41

0.300000 10.6176 42 43 44

0.400000 12.2484 45 46 47

0.500000 13.6809 48 49 50

0.600000 14.9723 51 52 53

0.700000 16. 1564 54 55 56

0.800000 17.2553 57 58 59

0.900000 18.2844 60 61 62

1.000000 19.2549 63 64 65

2.000000 26.9691 66 67 68

3.000000 32.7123 69 70 71

4.000000 37.4081 72 73 74

5.000000 41.4188 75 76 77

6.000000 44. 9320 78 79 80

7.000000 48.0606 81 82 83
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Attenuation Theta Theta pri me
in decibels in degrees in degrees

0-0. 169 0. 170-0. 339 0. 340-0.499

50.8792

page page page

8. 000000 84 85 86

9. 000000 53.4401 87 88 89

10. 000000 55.7821 90 91 92

11. 000000 57. 9348 93 94 95

12.000000 59. 9214 96 97 98

13.000000 61.7610 99 100 101

14.000000 63.4689 102 103 104

15. 000000 65.0583 105 106 107

16.000000 66.5401 108 109 110

17.000000 67.9239 HI 112 113

18. 000000 69.2180 114 115 116

19.000000 70.4296 117 118 119

20.000000 71.5651 120 121 122

25.000000 76.2824 123 124 125

30.000000 79.7567 126 127 128

35.000000 82.3367 129 130 131

40.000000 84.2608 132 133 134

45.000000 85.6994 135 136 137

50.000000 86.7763 138 139 140

55.000000 87.5831 141 142 143

60.000000 88. 1878 144 145 146

65.000000 88.6412 147 148 149

70.000000 88.9811 150 151 152
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Heat Temperature Physics. Heat Measurements. Cryogenic Physics. Equation of State Statistical Physics.

Radiation Physics. X-ray. Radioactivity. Radiation Theory. High Energy Radiation. Radiological Equipment.

Nucleonic Instrumentation. Neutron Physics.
, ,noU

Analytical and Inorganic Chemistry. Pure Substances Spectrochemistry. Solution Chemistry. Standard Refer-

ence Materials. Applied Analytical Research, Crystal Chemistry.

Mechanics Sound Pressure and Vacuum. Fluid Mechanics. Engineering Mechanics. Rheology. Combustion

Metallurgy. Engineering Metallurgy. Microscopy and Diffraction. Metal Re.cttons. Metal Phystcs. Electrolyse

Z£££l£" Engineering Ceramic, Cl.s, Solid State Chemistry. Crystal C,o„.h. Physical Properties.

SiSy^^^
Applied Mathematics. Numerical Analysis. Computation. Statistical Engineering. Mathematical Physics. Op-

DatrftoresslnTsystems. Components and Techniques. Computer Technology. Measurements Automation.

Engineering Applications. Systems Analysis. pi „„.„»„

Atomic Physics Spectroscopy. Infrared Spectroscopy. Far Ultraviolet Physics. Solid State Physics. Electron

Physics. Atomic Physics. Plasma Spectroscopy.

Instrumentation. Engineering Electronics. Electron Devices. Electronic Instrumentation. Mechanical Instru-

ments. Basic Instrumentation.

Physical Chemistry. Thermochemistry,

mentary Processes. Mass Spectrometry

Office of Weights and Measures.

BOULDER, COLO.

Cryogenic Engineering Laboratory. Cryogenic Equipment. Cryogenic Processes. Properties of Materials. Cryo-

genie Technical Services.

CENTRAL RADIO PROPAGATION LABORATORY

S«oM^

k^-xel^^ Essaaa «£T- Ionosphere

RADIO STANDARDS LABORATORY

Radio Physics. Radio Broadcast Service. Radio and Microwave Materials. Atomic Frequency and Time-Interval

Standards Radio Plasma. Millimeter-Wave Research.

b"„=?a^
Services.

Surface Chemistry. Organic Chemistry. Molecular Spectroscopy. Ele-

Photochemistry and Radiation Chemistry.
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