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MEASUREMENT SYSTEMS

Making accurate measurements of any kind was a real
problem during early years of industrial and economic
growth. In Philadelphia, during the time of Ben Frank-
lin, one could purchase "a pound” of coffee from multi-
ple merchants only to discover that each purchase was
visibly different from the others in terms of quantity.
Greedy merchant's scales were balanced with light
weights while competitive merchant's weights might be
heavier. Sale bills of the time would cite both price and
"good" or "fair" measure. The problem was complex.
There were sociological issues which could only be
addressed by legislation and enforcement of laws.

Before one could craft laws bringing weights and meas-
ures into agreement throughout a nation, one needs
standards. International trade added further complica-
tions: if you were offering to trade "1000 tonnes" of
Georgia cotton for "10,000 barrels" of Scotch whiskey,
it was essential that both parties agreed on the sizes of
"tonnes” and "barrels.” The U.S. congress, being
comprised of many businessmen, appreciated a need for
standards. Early efforts toward national and internation-
al agreement on sizes and weights has evolved our
present day National Bureau of Standards. Other coun-
tries have equivalent offices. The international reposito-
ry for world standards is in Paris, France. The evolu-
tion of physical standards and international agreements
built on those standards is a fascinating story; look it up
in a library sometime.

We've been doing calculations using volts, amps and
ohms, and simply assumed that a means of measurement
for these quantities existed. In this chapter we'll lay
some groundwork for electrically operated instruments.
Building standards and measurement systems for hogs-
heads, furlongs and stones was relatively easy compared
to amps, volts and ohms. The former are things you can
touch and see while the latter are observable only in the
effects they have on their surroundings.

Aside from gyro and barometric devices, most instru-
ments on aircraft panels may be electrically operated
irrespective of parameters they display. These may
include but are not limited to ammeters, voltmeters, fuel
level gages, pressure gages of all types, temperature
gages, position readouts, tachometers, etcetera, etcetera,
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etcetera. This chapter seems to be the best place to
introduce basic electrical measurement and display
devices known as "meters." We'll apply meters to their
most fundamental task: measurement of small currents.
In later chapters we'll discuss how to adapt small current
meters to measure and display lots of other things.

EFFECTS OF CURRENT FLOW

I've previously described current as a flow of electrons
and a means for quantifying the flow in units called amps
which are proportional to electrons per second. Meas-
urement of electron flow rate and displaying an answer
requires a means for detecting flow, scaling a quantity
and displaying a result. We'll talk about detection first.

We've already discussed a fact that electron flow mani-
fests itself in a very common phenomenon: temperature
rise. When selecting wire size, temperature rise is
undesired but we cannot afford the luxury of making it
zero. Discussion in alater chapter on wire will describe
a concept of "reasonable compromise.” For lamps, a
hot filament is very desirable so we design with filament
materials and enclosures to maximize the heat and light
consistent with useful life; another reasonable compro-
mise. Temperature rise is directly proportional to watts
of power dissipated which is also directly proportional to
current. Over one hundred years ago, some clever fel-
lows figured out how to exploit this phenomenon for the
purpose of measuring current.

Figure 7-1 shows schematic representations of a "hot
wire” ammeter. A pointer and pulley arrangement are
driven by a cable stretched between midpoint of a fine
wire and a spring which holds the cable tight. When
current flows through the wire, it warms up causing it to
expand. Increased length causes the midpoint of the
wire to translate upward thus relieving some spring
tension. Cable motion over pulley causes the pointer to
move upscale. Pointer motion is directly proportional to
hot wire expansion which is directly proportional to
temperature rise which is directly proportional to cur-
rent. With a properly scaled mechanism, we may cali-
brate a scale plate to read directly in amps of current
flow through the hot wire.

Variations on this theme were developed over the years

but very few found their way onto instrument panels of

NOTE:
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Figure 7-1. "Hot Wire” Ammeters.
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Figure 7-3. The Left Hand Rule for Magnetic Fields.

flux, flow and force, I avoid these so called right and
left-hand motor and generator rules for teaching.
Remember the left-hand rule as I have described above
and you can unravel any flow, flux and force problem as
I will demonstrate.

RECIPE FOR SPIN: ONE CUP OF FLOW AND TWO
FLUXES STIRRED WELL YIELDS FORCE.

Figure 7-4(a) shows a single pass of wire suspended
between north and south poles of a magnet. If you grab
the illustrated conductor with your left hand, thumb
pointing in direction of electron flow the fingers would
wrap over the top away from the south pole and toward
the north pole. In 7-4(b) I show a cross section of view
A; electrons are flowing into the page.

Note

In this and other figures, an "x" on the
end of a conductor denotes the tail feath-
ers of a receding electron flow arrow; a
dot in the center would represent an
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arrowhead point for an approaching flow
arrow.

Flux around the conductor due to flow opposes flux
between the poles above the conductor. Flux due to flow
reinforces lines between the magnet poles below the
conductor. This combination causes a force to exist, at
right angles to both flow and flux, which causes the
conductor to be pushed downward, away from opposing
fields and toward reinforcing fields. This figure illus-
trates a basic motor rule: when direction of lines and
current flow are known, a direction of resulting force
may be resolved. Further, the magnitude of force
present is directly proportional to current flow multiplied
by magnetic field strength.

Figure 7-4(c) shows a single loop or turn of wire sus-
pended between opposite magnetic poles. This single
turn conductor could be wire in a meter movement or a
turn of wire in a motor armature; it makes no difference.
If we apply the left hand rule to this conductor, current
induced flux adjacent to the north pole are opposing
underneath and current induced flux under the south pole
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Figure 7-5. The Moving Coil Panel Meter.

are opposing on top. Forces acting on this turn of wire
will tend to torque clockwise as one looks into the front.

MOVING COIL PANEL METERS

These fundamental facts of physics allow us to assemble
a number of current flow measuring devices. One style
of meter is illustrated in figure 7-5. The basic moving
coil meter has not changed in fundamental theory or
design since 1888 when Edward Weston developed the
device we now know as the Weston movement. [The
French call it the D’'Arsnoval movement afier the their
guy who invented it “first.” Don't know who really did it
but I thank them both for their enduring products of crea-
tivity!] This occurred some 20 years before invention of
the vacuum triode which launched the electronics age.

Two aspects of the original Weston movement have
changed with succeeding years. First, development of
better magnetic materials and manufacturing methods has
produced magnets which can be located inside a moving
coil. A steel cylinder around the outside completes the
magnetic circuit. This results in a very compact assem-
bly that is relatively immune to interference from exter-
nal magnetic fields. Second, early designs suspended the
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moving coil and pointer assembly on pivots, sometimes
equipped with jeweled bearings. A zero-current, pointer
restoring force was provided by coiled hair-springs not
unlike those found on a balance staff of a clock. Modern
movements can be had with a taut-band suspension. A
thin, metal twisted ribbon provides both suspension and
zero current restoring force. The latter movements are
quite rugged, zero friction and very linear in spring rates
for restoring forces, however . . .

WHEN THE "BEST" IS JUST TOO GOOD

About 1968, a salesman with a local electronics supply
house visited Cessna's engineering department to show
us a new multi-meter product he had to offer. It was
manufactured by Weston Instruments [who else?]. In the
act of handing it to me, he dropped the shiny new meter
just outside my grasp. The thing hit the concrete floor
and bounced! My pucker factor rose to about 110% and
I was apologizing for not having had a grip on the thing;
he simply grinned from ear-to-ear. He explained: this
meter had been purposely dropped for about the 50th
time and in spite of its checkered history and dinged up
case, it would still meet all operational specifications. It
seems the most fragile part of the instrument, the
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Figure 7-6. The Moving Magnet Panel Meter.

movement, was fitted with the latest and greatest of
improvements: the taut-band suspension. We were
impressed! He suggested and we immediately agreed
that taut-band movements were just the ticket for shaky
instrument panels.

Unfortunately, taut-band meter movements proved total-
ly unsuited to aircraft panel installations for two reasons.
First, under vibration, taut-band movements allow small
excursions in coil and pointer position with six degrees
of freedom! I've seen the pointer of a taut-band amme-
ter in a C-172 jump around like a drunken grasshopper!
The other had to do with techniques used to damp meter
movements. If one wants a slow, deliberate motion in a
pivot-and-jewel movement, a drop of viscous silicon oil
on one or both of the pivot bearings would settle the
critter right down. No such fix was available for taut-
band movements. Remember when searching surplus
catalogs for meters or meter movements to use in your
airplane, pivot-and-jewel are the only movements suited
to aircraft panel mounted applications. Generally, any
meter you see advertised will be pivot-and-jewel
unless otherwise specified.
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THE BALANCING ACT

On most meters and moving coil types in particular,
there will be a balance weight applied to the needle shaft
below the front pivot point. This balance weight will
often be hand adjusted by a skilled operator when the
meter is assembled. It is very important to have accu-
rate balance. To check a movement for balance, look at
the meter zero reading closely while holding the meter in
each of the five positions which one may readily observe
the face. The meter should not change reading in any
observable way due to orientation. This is not a test to
see if the meter will read well while flying upside down!
Remember, vibration in your airplane applies artificial
acceleration forces in any and perhaps all planes at once.
A properly balanced needle will be the most resistant to
errors of reading due to vibration OR g-loads from any
direction.

MOVING MAGNET PANEL METERS

There is another class of meter; very popular in automo-
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tive applications called the moving magnet meter. This
type of movement is illustrated in figure 7-6. As the
name implies, a bar magnet is suspended in the core of a
fixed winding. As current flows through the winding,
the core tends to twist so as to become more aligned with
the field in the winding. This twist drives a pointer
upscale against a hairspring which provides a zero-
current restoring force. This style of meter is inexpen-
sive [notice I didn't say cheap!], rugged and not terribly
accurate. [Not to worry, if they're good enough for cars,
they're good enough for airplanes!] Indeed, many in-
strument clusters found on certified aircraft were manu-
factured by Stewart-Warner and others using pretty
much stock automotive technologies. We'll discuss
accuracy issues later but suffice it to say that for applica-
tions commonly addressed by clustered gages, the
moving magnet meter isn't too bad.

HOW ACCURATE IS ACCURATE?

Many products have been sold on features which have
little or no relevance to how the product is to be used,
panel meters included. Accuracy is something of a
buzz-word; meaning that it is held forth as very desirable
but without quantifying the term with numbers relative to
either the task. There are names for meter performance
characteristics which beg illustration. To that end,
Figure 7-7 shows three graphs. Y-values on these graphs
represent percent of applied stimulus with respect to full
scale; X-values are percent of reading with respect to
full scale.

Accuracy, is stated as either a percentage of error with
respect to full scale or percentage of error with respect
to reading. A meter with 0% error would plot with a
straight line connecting all like values of X and Y on the
graph. This is represented by curve 1 on all graphs in
Figure 7-7. Curve 2 in the top graph depicts a meter
which reads 5% higher than applied stimulus over its full
range. At 95% of full scale stimulus, the meter displays
100%. A meter producing this plot has 5% accuracy.

Linearity has to do with how well a device tracks a
varying input. Curve 3 on the middle graph shows a
meter that reads "dead-on" at zero, 50% and 100% of
applied stimulus. If this meter were checked at only
these three values, one might assume it to be very accu-
rate. Detailed investigation of readings over the entire
range show the device to read low at about 30% and
high at about 75% of applied stimulus. It's
stimulus/reading trace makes a sort of s-curve on the
graph. Linearity is generally stated as a percentage of
full scale. Linearity errors are usually included in an
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overall accuracy figure for any given device.

Offset or Zero adjust errors are illustrated by curve 4 in
the lower graph. If a panel meter is fitted with a front
face zero adjust screw, this type of error is eliminated by
re-setting the pointer. Many moving magnet and some
cheap moving coil devices are not fitted with zero adjust
screws. Some meters without screws may be disassem-
bled and re-adjusted to read zero if needed.

Resolution has more significance in digital instruments
than analog panel meters but consider this. If you have
selected a meter with a scale length of say 1-1/2 inches
to display alternator load amps. Let's further assume
that it reads 70-amps full scale. 1.5 inches of scale
length divided by 70 is 0.021 inches per amp. Even if
the accuracy of the meter is stated to be 2% of full scale;
70-amps times .02 times .021 inches/amp yields an
increment of .029" on the scale plate. What is the like-
lihood you can take advantage of such resolution while
observing a 0.030" wide pointer from two feet away?
Given the eye's ability to resolve small differences in
pointer position, a 5% accuracy meter would probably
suffice in such small scale. This begs the question, is
such a small meter suited to the task? Yes, because in
this circumstance, you are not interested in resolving
very small numbers; if the meter displays rather gross
conditions of performance then accuracy on the order of
plus or minus 5% is sufficient.

One can see that resolution and accuracy, while separate-
1y defined, are interdependent. A manufacturer of small
meters knows that high resolution scale plates and
movement accuracy are not warranted. Limitations of
human sight preclude taking advantage of such capabili-
ties in small meters. However, where high accuracy is
needed, larger scale plates with longer pointers are
needed to display the needed resolution and higher
movement accuracy is required.

Repeatability is probably the most important attribute to
quantify in small gages, whether used in an airplane or
any other vehicle. The fuel gage on most cars is an
excellent example of a need for repeatability. After
purchasing our latest automobile, a ‘88 model, I was
disappointed to discover the fuel gage was no more
accurate than was my ‘41 model purchased some 32
years ago. However, as with all cars from then to now,
I came to know that so many needle widths above empty
really meant that x-number of gallons remained. Re-
peatability is the key feature here. You are all familiar
with it in cars and airplanes alike, you just didn't have a
name for it! Repeatability simply quantifies how con-



The AeroElectric Connection

Electrical System Instrumentation

GRAPHICAL REPRESENTATION
OF SCALE FACTOR OR GAIN

ERROR

L]
|
!

T
|
|

R R E i Sy A IS Rhhaiahais Senbdaiia S

T
|
!

T
|

.

e

'
i

T T T T T YT T T T T T T T T T YT

TTTrTTTTT

e Rttt B

e T

I P,

L

1
|
-t
i
]
1

!
|
I

|
|
——d e L
| |
i 1
| AL

————t L

|
|
I

____L____J____-L____f____J____J_____L____-
i

|
|
1

20

i
|
L

100

Jo jusous

Q& 20—
0]

100

60

Percent of Full Scale

40

LINEARITY
ERROR

t t | i | ] ! i
| t | | | t t i
l} i | | | | | |
| | | | | t | |
() W EU EpUpUN IR DR S PR
| | I | f | | |
i 1 | | 1 | |
{ | t | 1 1 | |
| | 1 | 1 | | |
| 1} ! i | |
U] i _IlJllJll;ilx
| | | } | | | |
| | | | ! | | | |
| | | | 1 i | | I
| | ! | 1} | | | }
iutultmbel mii Wi ¥ i b ks il it bty
! | | | | ! | i
| | | | | ! ] i
l} | | | | | | I i
i | | | | | ! 1 |
R e B B il TR EEPRS B
¥ 1 | | | | | |
| | 1 | I 1 | |
t t 1 | 1 | i |
t t ] | i 1 t |
{ [} f 1 t
-~ B B e B e
| t 1} | t | | |
| | ¢ | | | | |
| | t 1 | | | |
| | | ' | | |
it e it e e e it A
| | ' | | |
| | 3 | | i
| | t | | | 1
| | | | | ! i
—h —
f | | 1 I ! |
| ] | i | |
! 1 | i | |
I 1 “ | @ | |
b I NN ]
i [} I | | ¢
1 i 1 | | |
| | t | | |
| | 3 | | | |
1 | t | | |
iute nfutnd sfahal mindny s dhain iy ki b ]
| | | | | |
| | 3 | | | )
| | t | | | ]
| | | 1 | ! |
1 A 1 1 1 " i
o o o o}
e} © <+ o~
- NniNwIis Jo juaodlad

60 80 10C

40
Percent of Full Scale

OFFSET OR
ZERO ADJUST
ERROR

NI DS I > <

e L L]

100

JLEBTVELIES

O 20 A

60 80 100
Percent of Full Scale

40

20

Figure 7-7. Panel Meter Accuracy Issues Illustrated.

Page 7-9



The AeroElectric Connection

Electrical System Instrumentation

Figure 7-8. Starter Current Test Meter.

sistent the readings will be over long periods of time,
irrespective of accuracy or linearity.

Stiction is a contracted combination of "static" and
"friction."”- Stiction is a phenomenon seldom quantified
in electrical instrument specs any more. It's usually so
small as to be insignificant. Taut band meters have zero
stiction because there are no pivots, hence no friction.
Stiction manifests itself by displays of intermittent, jerky
motion when slowly changing stimulus is applied.
Altimeters and rate of climb instruments commonly
exhibit stiction on the bench but not in the airplane.
This is due primarily to vibration which is conducted to
the instrument from the engine. When testing these
instruments on the bench, one will see technicians tap-
ping gently on the instrument face before taking a read-
ing. The vibration unsettles the needle drive mechanism
allowing it to assume a position as commanded by the
movement.

When the first Learjets were built small shaker motors
supplied needed vibration to instrument panels. Instru-
ments of the time were used without difficulties on
piston airplanes. The Lears were so free of vibration
that several instruments produced jumpy readings due to

stiction. Until better instruments were to be had, panel
shakers kept them reading properly. Some years ago I
worked in a lab where precision measurements were
made with large, mirrored scale, pivot and jewel panel
meters having 1/4% accuracy ratings. Before making a
measurement, instruction manuals suggested tapping the
face to shake out the stiction. One day we acquired a
new instrument with phenomenal accuracy and resolu-
tion, everyone was eager to use the new device. I recall
watching a co-worker peering intently into the face of
the thing while gently tapping on the bezel. When asked
why he was doing that he was suddenly embarrassed to
realize that he had been attempting to tap stiction errors
out of a digital voltmeter! Old habits die hard.

TEMPERATURE EFFECTS

The meter movements we've discussed so far have been
current sensing devices. The wire wound around the
bobbin on either a moving coil or moving magnet
assembly is usually copper which has a decided positive
temperature coefficient with respect to resistance. When
copper wound meters are used as low-voltage voltme-
ters, like when used with a shunt in a battery ammeter
circuit, the meter will tend to read higher battery current
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Figure 7-9. Shunting a Panel Meter for Higher Currents.

as the meter cools. This is due to lowered resistance of
the copper winding causing current to rise as tempera-
ture drops when stimulated with a constant voltage.

Sensitivity usually states the amount of current needed to
produce a full scale motion of the meter. Moving coil
meters generally fall in the range of 100 milliamps down
to about 10 microamps. Moving magnet meters are
available over a range of 1 milliamp up to 50 amps or
so. There is a tremendous difference in current range
for these two technologies. In fact, moving magnet
panel meters are more desirable for some low sensitivity
(high current) applications.

One which comes to mind are the alternator and starter
testing ammeters sold by automotive tools suppliers.
This type of meter is illustrated in Figure 7-8. This is a
moving magnet device without a coil bobbin. Instead, a
channel on the back is used to position the alternator B-
lead or starter power lead in proper proximity to the
magnet. I've shown only the polarity of the moving
magnet and direction of electron flow. Which way will
the meter read, upscale or down-scale? Hint: a magnet
free to rotate will try to align itself so that lines of flux

internal to the magnet are coincident with lines of flux
from the external field. In this case, the external field is
from a single pass of wire across the back of the instru-
ment. Since we're interested in current values from 30-
400 amps, this simple device is sufficient. Further, an
absolute accuracy on the order of 5 to 10% is adequate.
These are diagnostic tools, not calibrated measuring
devices.

Many types of vehicles use moving magnet meters as a
battery ammeter where full scale sensitivities run from
-20/+20 to perhaps -60/+60. Few systems would use
smaller than 20 amp alternators and wiring good for 60
amps is pretty hefty! For larger currents, a shunted
moving coil meter is more practical. A moving coil
meter may be shunted for any desired current range.
Figure 7-9 illustrates use of a shunt resistor to produce a
calibrated voltage proportional to current flow which is
measured by a panel meter. To understand this concept,
we have to acknowledge that a moving coil panel meter
is also a voltmeter. Wire used to wind the coil must
have some resistance so . . . .

Just checked in my junk box and found a 1-1/2" square
aircraft "loadmeter”. A label on the back sez "Use with
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Figure 7-10. Typical Ammeter Shunts.

50 M.V. shunt.” The loadmeter is calibrated from O to
1. I measured its internal resistance at 105 ohms. amps
equals volts divided by ohms. So 0.05 volts divided by
105 ohms yields a full scale sensitivity of 476 microamps
for this panel meter. That's less than 1/2 milliamp! We
can use this meter to indicate any desired full scale
quantity. I suspect meters like this are used to indicate
loading as a percent of full output on 400 amp generators
on King Airs. Let's see, ohms equals volts divided by
amps so 0.05 volts divided by 400 amps yields 125
micro-ohms, a low resistance indeed! The example in
Figure 7-9 shows a shunt used to bring a relatively small
panel meter's full scale current reading up to 10 amps.

Use of ammeter shunts is desirable when one wishes to
avoid running heavy current lead wires into the vicinity
of a panel meter used to display current values. A shunt
is absolutely necessary when working with large cur-
rents. You simply cannot buy a meter, moving magnet
or otherwise, to measure say 1000 amps, however a 50
millivolt, 1000-amp shunt is a catalog item. Ammeter
shunts are very specialized resistors. First, they must
carry relatively large currents without changing value
due to heating. Consideration must be given to the diffi-
culty of making very low resistance connections to a
device which is also very low in resistance.

THE 4-WIRE CONNECTION

A high current shunt may be designed to provide an
accurate resistance measured in micro-ohms while resist-
ance of wire fittings mashed together by threaded fasten-
ers may have resistances measured in milliohms! Figure
7-10 illustrates two styles of ammeter shunt found in
airplanes. The smaller style will be used for ranges
from 5 to 60 amps, the larger is typical of 50 to 200 amp
shunts. Note the heavy end posts, usually brass, which
supports the resistance material between. Current to be
measured passes through the shunt by way of the heavier
connections. Smaller screws elsewhere on the end post
are provided for panel meter connections. Figures and
schematics in this publication will always depict an
ammeter shunt as a four-terminal device.

BATTERY AMMETER REVISITED

In the battery chapter, I spoke of "battery ammeters.” I
also suggested, if you plan only one electrical system
instrument, make it a battery ammeter. Battery amme-
ters are a zero center panel meter which indicates
present value of current flowing into or out of the bat-
tery. Readings left of center indicate battery discharge;
right of center indicate charging. A zero to small posi-
tive readings indicate system equilibrium. The battery
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Figure 7-11. Classic Battery Ammeter Wiring.

is charged and the alternator is carrying all system loads.

A battery ammeter must be inserted into the system so
that it can measure both charging and discharging cur-
rents, Figure 7-11 shows the classic battery ammeter
interconnection. Note that energy to charge the battery
and carry system loads is conducted through a breaker at
the power distribution bus bar. [Yes, I know the arrows
point out from the plus terminal of the power source; but
there's no little "e” on them either.] With this intercon-
nection scheme, ammeter wiring is relatively simple; the
ammeter is conveniently located near the power distribu-
tion bus on the panel. This configuration allows you to
use a relatively low cost, moving magnet or internally
shunted panel meter rated to carry and indicate current
flows up to the alternator's rated value. This scheme has
been used for years and works well but I offer an alter-
native for your consideration.

In Figure 7-12, I show the alternator B-lead wire routed
to the starter main power terminal. Note that charging
energy now flows directly to the battery via the starter
supply conductor. This shortens a large conductor which
used to run from alternator B-lead to the bus bar. The
large starter cable can now serve two purposes; starting
and charging. This change takes advantage of the bat-

tery's superior capability for reducing alternator noise on
the system. Instead of conducting alternator noises to
the battery by way of the bus bar, noises are shunted to
battery on shorter, fatter wires.

On canard pushers with battery and engine on opposite
ends of the cabin, a considerable amount of heavy wire
has been eliminated. On tractor airplanes with the bat-
tery on the firewall, alternator wiring is reduced to a
very minimum and battery adsorption of alternator noise
is maximized. This isn't a something for nothing trade-
off; now the ammeter wiring is rather unhandy. The
ammeter has to be inserted into a conductor which also
carries starter current as shown. If the meter is a
-60/0/+60 amp device, 200-amp starting currents will
whack the needle pretty hard. Further, we don't want to
route 2-gage wires to the panel just to accommodate the
battery ammeter. Hence, architecture in Figure 7-12
would never be recommended as an method of inter-
connection.

There are several alternatives. (1) It is perfectly okay to
choose not to install a battery ammeter. A voltmeter is
second-most desirable as a single electrical system gage;
we'll discuss them later in this chapter. (2) We may
install an ammeter shunt as shown in Figure 7-13, or (3)
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Figure 7-14. Hall Effect and Hall Effect Devices.

we may measure current in the battery wiring with a
non-contact sensor like a Hall-effect current transducer
illustrated in 7-16. Let's look at the options:

BATTERY AMMETERS WITH SHUNTS

A shunt permits breaking the heavy current conductor in
a location remote from the panel meter location. On very
large airplanes, a hundred feet or more in wire may be
used to connect a panel meter in the cockpit to a shunt
buried in the guts of an airplane. Figure 7-13 shows a
shunt installed in the battery cable. This is a practical
way to meter battery current but it requires some special
considerations. First, I would recommend using a 100-
Amp, 100 mV shunt in place of a 50-Amp, 50 mV
shunt. Both shunts are the same resistance, 1-milliohm.
However, the 100 amp shunt will not be damaged by
150-250 amp cranking currents as this represents only a
1.5-2.5 times overload and only for a few seconds. For
a 50-Amp shunt, these same cranking currents would
represent a 3-5 times overload. Secondly, while crank-
ing, the ammeter needle will be pegged on the discharge
side. It may even hit the peg with an audible "click."
This action will not damage a well built meter but it does
sound bad. Recall that my junk box meter had a full

scale sensitivity of less than 500 microamps. Applying a
2.5 milliamp current for a short time is not going to burn
it out.

ABOUT SHUNTS IN GENERAL

The ammeter shunt is a simple, elegant way to measure
large currents in remote locations with small meters.
Keep in mind that the wires leading to your panel meter
have the same voltage with respect to ground as the wire
which carries the big current to and from the shunt.
When shunting a battery ammeter, I recommend placing
it in the ground lead to the battery. All wires connected
to the shunt will then be at ground potential. If you
decide to put a shunt in any "hot" lead, be sure to in-
clude 5-Amp fuses to protect the 22AWG wires between
the shunt and panel meter. Check out air parts supplier
catalogs for off-the-shelf shunts. Empro Manufacturing
(see Appendix-A) also builds standard and custom
shuats.

BATTERY AMMETERS WITH
NON-CONTACT SENSORS

There is yet another practical way to measure current in
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Figure 7-15. Major Components of a Hall Effect Battery Ammeter.

a conductor using what is known as a Hall effect device.
Like the starter current ammeter we discussed previous-
ly, this device measures the strength of magnetic field
around the conductor without actually breaking into it.
The Hall effect has been known for many, many years
but it was the early 60's before commercial quantities of
practical devices were available. Our friends at Micro
Switch developed a line of devices to replace mechanical
limit switches. These were a plastic encapsulated inte-
grated circuit device used to detect the presence of a
magnet on a mechanism and actuate relays to stop or
start motion.

Electron flow current appears to move through a conduc-
tor at the speed of light. I say "appears” because when
you shove an electron into one end of a wire, an electron
becomes available at the other end very quickly, howev-
er . ... Suppose you had a pipe, 1/2" inside diameter
and 1000 miles long. Let us further suppose that the pipe
was full of marbles. If you pushed a marble into one
end, you would instantaneously get a marble out the
other end. The marble you inserted traveled only 1/2";
the "current” traveled 1000 miles in an instant. Electron
flow in a conductor is very similar but more random yet.
An electron has hundreds of adjacent atoms to jump to

throughout the mass of a conductor. If you could paint
an electron red and put it into the end of a conductor
1000 miles long, I dare say you could run a d.c. current
through the conductor for a very long time and may
never see the "red” electron come out the other end. If
you were using alternating current, like that which
comes out of the wall socket, then the migration of a
single electron through a conductor is further hampered
because it is constantly reversing direction!

So, while a current travels very quickly, individual elec-
tron motion is relatively very sedate. Figure 7-14 illus-
trates principals of the Hall device. Suppose you have a
long flat conductor suspended in a magnetic field with a
source of electrons (battery) connected between the ends.
The electron current flow may be high but individual
electrons are stumbling around like drunken sailors in &
strong breeze. They flow generally in the right direction
but their path is subject to other influences too. If you
apply your left hand rule to the general direction of flow
and consider the field formed between ends of the two
bar magnets, then electrons tend to migrate toward one
edge of the conductor as shown. If given a means to
leave the edge and travel to the other edge where there is
a dearth of electrons, then they will do so. In this
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