Using an Aeronautical DR Computer (E-6B) for Dead Reckoning Computations

There are many DR computers available on the Internet (eBay, etc.) for roughly $10.  These are usually a variation of the E-6B or the MB-4A computer.  On one side they have a wind face where you can mark the wind velocity and calculate a heading.  On the other side is a circular slide rule which allows you to make easy speed-time-distance calculations.  Sometimes, an actual marine calculator will become available.  This document will address these in a general way.  Use your own DR computer while you follow these instructions.
1.0  Use as a time-speed-distance calculator.  The classic use of the DR computer is to solve time-speed-distance problems.
1.1  Look at the scale.  The outside scale is fixed, the inner scale moves, and has a couple bumps to move it around.  Both have the same (logarithmic) scale.  The numbers have no decimals, you have to assign the decimal value.  For instance, 14 can mean 0.14, 1.4, 14, 140, 1400, or any other number starting with 14.  Between 14 and 15 are nine tic marks, with the central one longer.  The first tic mark would be 141, wherever you choose to put the decimal point.  The middle tic mark is 145.  
From 10 to 15, the tics are 1/10th.  From 15 to 30 the tics are 1/5th.  From 30 to 60 the tic marks are ½.  From 60 back to 10, each is a whole number, such as from 60 to 61 to 62.  Pay attention to how the scale changes.
Note that the outer scale is labeled MILES near the 10 and the 30.  Also note that the inner scale is labeled MINUTES near the 10 and 30.  Also to be discussed later, the second inner scale is labeled HOURS in the same places.
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1.2  Solve a problem.  The DR computer solves a classic problem in ratios, the kind you studied in 8th grade.  The essential problem is that you travel at a speed (in knots or MPH) which is a certain number of miles per hour.  There are 60 minutes in an hour.  Therefore, there is a big black arrow at 60.  By putting the 60 minutes in an hour under the speed of the vessel, you set up a proportion to find either distance or time.  See the classic 60xD=SxT formula below.



     S       =       D     



    60                T
Let us set up a simple classic DR problem to solve.  We will solve essentially the same problem for three different answers.
Time 



Distance



Speed 
__10.0__ = __5.0___

__10.0__ = __X(5.0)__

__X(10.0)__ =  __5.0__
     60
          X(30)

     60
              30


        60
      30
In essence, if you know your speed, put the speed over the 60 arrow, look for your distance on the top to get time on bottom, or look for your time on bottom to get distance on top.  If you need to know speed, put distance on top, time on the bottom, and look over the 60 arrow for speed.

1.3  Practice problems.


S=4.0  D=2.5  T=?



T=37.5 (38)     


S=12.2  D=8.4   T=?



T=41.4 (41)


S=21.1  D=5.2  T=?



T=14.8 (15)


S=5.5  T=47  D=?



D=4.3 (remember, NM, miles or kilometers)


S=14.3  T=28  D=?



D=6.7


S=24.6  T=51  D=?



D=20.9


D=5.8  T=45  S=?



S=7.74 (7.7)


D=8.2  T=32  S=?



S=15.4


D=11.9  T=27  S=?



S=26.4
1.4  Problems involving more than one hour of time.  Remember the HOURS annotation?  Here is where it becomes useful.  For instance, let us change the problem above to be 23 miles from A to B.  The problem is:
__10.0__ = __23.0__  OR  __10.0__ = __23.0__   OR  __10.0__ = __23.0__

      60               X

  60
     138min

60
     2h18m
Look below 23.0 miles to see 138 minutes, or look below the 138 to see 2:00 and 2:30, broken up by 10 minute intervals, which can be then easily interpolated to 2 hours, 18 minutes.
All speed-time-distance problems are solved on the two/three outer scales!

1.4.1  Practice problems.


S=7.2  D=15.7  T=?



T=131 or 2+11


S=13.8  T=1+35 (95)



D=21.8


D=32.5  T=2+22 (142)


S=13.7
1.5  Other scales.  The Density Altitude, Air Temperature and Pressue Altitude scales are for aircraft use only.
1.5.1  The Drift Correction window can be used to correct for drift off course.  Set the number of miles you have drifted left or right of course on the outer scale.  Put the miles sailed on the inner scale.  Look in the drift correction window for the correction to parallel course.  Then set the miles to sail on the inner scale, read the drift correction to return to the next turning point.  Add the two drift corrections for the total correction to make.  This is primarily an aeronautical application, though it geometrically applies to marine navigation.  On a 100 mile leg, after 40 miles, you find yourself 6 miles off course right.  
__6__ = 8.5°

__6__ = 5.7°

8.5 + 5.7 = 14.2° left correction 

   40 


   60
1.6  Conversions.  There are some convenient conversions annotated on the scale.  
1.6.1  Nautical/Statute/Kilometer.  On the outer scale, on either side of 70, are arrows at NAUTICAL and STATUTE.  At 122 there is an arrow KM.  To convert any statute, nautical or kilometer distance to the other, set the appropriate distance against the mark for its measurement, then read under the other mark. I give three examples:

100 NM = 115 SM = 185 Km


70 SM = 60.8 NM = 112.5 Km


40 Km = 21.6 NM = 24.9 SM
1.6.2  Seconds.  Should you need to perform calculations in seconds, there is a small arrow at 36 with the annotation SEC underneath it.  Set the SEC arrow to the speed (in knots, MPH, KPH, etc.) and read the distance or time (in seconds) as you normally do.

0.3NM @ 15.2K = 71 seconds
1.6.3  Converting seconds to minutes/tenths and vice versa.  You may use your calculator to convert a set of coordinates in degrees/minutes/seconds to degrees/minutes/tenths.  Remember, you are only converting the minutes to tenths/hundredths.  Set the 60 arrow under the 10.  Any seconds value on the inner scale will have the tenths/hundredths value opposite it on the outer scale.  48” = .80'.  50” = .833'. Correspondingly, any tenths/hundredths value on the outer scale (10) can be converted to seconds.  .12' = 7.2”.  .25' = 15.0”.

24” = .40
28” = .468
37” = .618
44” = .734
1.6.4.  Degrees/decimal to degrees/minutes/tenths.  There are several places in nautical documents where positions are given in degrees/decimal (N29.45678).  Google also uses the same convention, with + and – signs instead of E/W, N/S.  The above value can be converted in the same way as 1.6.3, realizing the value you get is degrees/minutes/tenths and only good to about 1/10th of a minute.  In this case, N29.45678 = N29°27.3 (approximate).
2.0  Use to multiply/divide.  The DR computer is just a circular slide rule, which I realize went out of favor about 1975.  It is a visual adaptation of logarithms (which also went out of favor about 1975).  It is accurate to about three places.  That means that you can do a calculation like that above which has 141 as the three significant digits.  That can mean 1.41, 14.1, 141, or 141,000. It means you can't really expect to get a number like 141,356, only the first three digits. Sometimes head math can give you the fourth digit, but don't depend on it.
2.1  Multiplication.  Let's multiply 7 times 4.  To multiply one number by another, put one of the numbers next to a 10.  For convenience, put the first number (7) under the 10 on the outside scale.  Then look opposite the second number on that scale.  In this case, opposite the 4 on the outer scale.  The inner scale will show 28.  
In a more complex calculation, 134 times 421 yields 565,000 as accurately as we can calculate it.
__10__ = ___4__


__10__ = ____421____
     7           X(28)


   134
      X(565,000)
2.2  Division.  Division being the opposite of multiplication, we put 35 ÷ 5 as follows.  Put the number to be divided (divident, numerator) on the outer scale, put the divisor (denominator) directly under it.  Look over the 10 on the inner scale, the answer is on the outer scale.  On the DR calculator, it looks like this:
__35__ = __X(7)__
     5
         10
2.3  Addition/Subtraction.  You cannot add or subtract with the DR computer.
3.0  Planning Courses or Plotting Track or Heading.  In an age of GPS, where vessel autopilots can be slaved to GPS tracks/courses, these procedures may have very limited usefulness.  Where you are using a compass for your steering reference, I believe these may be more useful.
The “wind face” of the DR computer is intended for aeronautical navigation.  However, it is just a face on which to solve vector problems graphically.  It is relaltively obvious that if you are westbound (270°) at 5 knots with a current setting 270° at 2 knots, your speed over ground is 7 knots on a 270° track.  
The wind face allows you to anticipate or plot the effect of set and drift, or leeway, on your vessel.  In practice, I think it would only be useful for long legs where the effect of current and/or wind is fairly predictable.  Set and drift of currents could be applied directly to figure how far up-current to steer.  To use it for leeway, you would need to know the effect of wind on your vessel for various relative bearings and velocities.  Then the correction could be applied.
The wind face has two slides.  One face is labeled from 50 to 800.  It would be used for boats traveling from 1 K to 8K, and for boats traveling 25K and faster (high speed).  That side also has a square vector diagram solution on it.  The other face is labeled from 0 to 270, and can be used by boats traveling 0-25K (low speed).
The wind face has a small circle (grommet) in the center of the face.  That should be on the centerline, no matter what heading is under the True Index.  If it is not, unscrew the screws and re-center it.  Around the inner face is a complete compass rose.  On the upper outer face is 45° of left or right drift and/or variation/deviation.  
3.1  Planning a course.  Measure your course as normal.  If your anticipated drift or leeway is in true, apply the drift correction step with true courses.  Where magnetic, use magnetic, the end answer will be the same.
Put the grommet on any convenient number.  Turn the compass rose until direction the current is going to (SET) is under the True Index.  Make a mark (X, >, •) where the speed (Drift) is.  For instance, low speed slide, set the grommet on 200, turn the compass rose to 070, put an arrowhead (>) at 225 on the centerline.  You have now established a planned set/drift of 070°/2.5K.

[image: image2.jpg] JRUE INDEX s

USE CALIBRATED »#

TAS OBTAINF"
- 4
. WX \\\\\\\\\\\\\\\m \\\YHII[ ),,,//”30 Ry, 3

..l\\\\“NWMIIIIIh v

ot ot

09z gz ©

UYL | VUZ* e
lluhmluu\nu\\\\\\\

L

&
|

,II////I/II



[image: image3.jpg]X
<

« AN
2 2

.

N
N

" \ 1
' w"@é 20 it
30\\\\\\\\\\\ '1\2

o°,
228

e

' 'gRUE INDEX

10

i
230 24

Illu

0,
W

$ EDrift oy

o~

"ift Righy

=

11/
///

0

20" Ry, LI
/1 / /////// ‘?j, 0
0 25 /////////’//o 'P//.} ]
Ws,

w1y voeo vLto w T \\\\"
’/’/////////lmluulm\\\\\‘\‘\\\





           Figure 2




             Figure 3

You are sailing the Harvest Moon regatta, you plan on an 8K speed through the water, on a course of 225°.  The vector diagram shows you will be displaced left about 10° and be slowed to aboout 6K.  If you correct to heading 235° it will be too much.  By “juggling” you determine that a 8° heading correction to 233° should keep you on course and provide a planned SOG of 5.7K.  
3.2  Plotting a DR track.  You can plot all your DR information on your chart.  If you wish to incorporate set and drift and leeway by doing the work on your DR computer, there is a way to do that. Plot your set and drift from the grommet as above.  If you have an estimate of leeway, plot that FROM the set/drift mark in the appropriate direction.  You can use the square face to plot in the right direction. Now you place the grommet over the speed through water and turn to your boat heading, the end of your arrow gives your DR track and SOG.  You can do this either on an hourly basis (speed, etc.) or on a total miles displaced basis.  Most will do it on a hourly basis, then multiply that vector by minutes and/or hours.
3.3  Determining Set/Drift/Leeway.  This is probably best done on a chart.  Determine the best average heading over the time between fixes.  Determine the best known speed through the water.  Plot the average heading for the time/distance.  This is a “water position.”  Measure the bearing/distance to the fix, apply time, and you will have set/drift/leeway for an hour.  This can be used on the wind face to plan a course, or plot a later DR track.
George Crowl  5/18/14
