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The How and WhY of Bulk
Current tniection Testing
part I of a two-part series telting how bufk current injection (BCll testing is

aciomplished and how to buy BCI test capability.

By Ken Javor
EMC Compliance

Intuoduction
Three new limits and test procedures in

the draft revisions of MIL- STD-461C and
MIL-STD-462 use a "new" technique
known as bulk current injection (BCI).

t1,21 BCI techniques are also featured in
the Radio Technical Commission for
Aeronautics (RTCA) EMI susceptibility
requirement, RTCA/DO-160C, Section
20.^t3l A11 ofthese standards are products
of the late 1980's. The MILSTD-461/- 462
revision process which is scheduled to re
leasevll-slD-46 lD and MIL-STD-4 62A
later this year began in 1989, and the
RTCA standard for commercial avionics
was released in 1989. This article explains
how BCI is performed and how to buY
BCI test capability. Patt 2 will explain
why, after almost a half century ot{q4i
tional EMI susceptibility testing, BCI is
now augmenting and/or replacing many
familiar limits and techniques. (Part 2 will
appear in the November/December issue
of.EMC Test & Design.)

What Is Bulk Current Injection?
BCI tests use an injection clamp similar

to current probes used for military con-
ducted emissions test ing.  A current
probe acts as a single turn primary'multi-
ple turn secondary transformer, placing
iow ser ies impedance in the Probed
power line or signal lead while capable of
driuittg a usable signal into a 50 Q receiv-
er. A current probe is characterized by its

transfer impedance, a (dBJ the ratio of
the output voltage into a standard load
(usually 50 fi for EMI testing) divided bv
the net current traveling through the
probe window area. A bulk current injec-
tion clamp, with similar core materials
but heavier windings, acts as a multiple
turn primary and a single turn secondary
transformer, when placed around a power
line or signal lead. Thus it provides a
nominal 50 Q load to the susceptibility
signal source, while providing a lower
susceptibility signal source impedance
when-placed in series with the cable
under test (CUT). A BCI clamp is charac-
tenzedby its insertion loss,I.L. (dB). The
insertion loss describes the inefficiency
of the clamp relative to direct injection
into a 50 O circuit. See Figures 1and?.

Present MILSTD-462 BCI Test
Technique

BCI techniques as implemented under
MIL-STD-462 EMP test methods
CS]r0 / 11 / 12 / 13 inject specification level
currents into the CUT. [4] CUT injected
current is the lesser of the specification
limit or the current resulting from the sig-
nal source setting which drove specifica-
tion limit currents into a calibration fix-
ture. The precalibration is pedormed into
a short loop of 100 Q resistance, whose
maximum length cannot exceed 25 cm.
This test method follows the same type of
power l imitation as under tests

CS01 / 02 / 06, which inject specification
levels into the power line under test, sub-
ject to a maximum source setting derived
hom precalibration into resistive loads.

Newer BCI Test Technique
The "new" BCI swept CW techniques

in the draft revision of MIL-STD- 462
(CS114) and RTCA/DO-160C, Section 20
calibrate on the susceptibility signal for'
ward power into the injection clamp when
the speciication level current is flowing
in a calibration circuit' The calibration set
up shown in Figure 3 places the injection
cliamp around a short wire terminated in
50 A on each end. Thus we have the
same 100 Q calibration circuit as under
the traditional method. However, the cali-
bration fixture is more tightly defined
than previously. These methods follow
the initructions in Section F of the SAE's
recommended EMI test procedure, ARP
7972. tsl The major departure from tradi-
tion in these new BCI tests is the reliance
on the precalibrated forward power set-
ting rather than the actual injected cur-
renl; the method is opposite from that
used under CS]r0/11/72/13' The precali-
brated 100 Q circuit forward power set-
ting is used to stimulate the CUT, rather
than the current set by the limit' A maxi-
mum induced current limit is imposed so
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is performed for information only. The
usual stance on qualification testing is
that it provides a minimum acceptability
standard (pass/fail). The purpose of the
loop impedance test is to demonstrate
that the impedance of the platform in-
st4lled cable is similar to that of the CUT
as bench tested. If the loop impedance
differs significantly, then BCI testing
must be per{ormed on the installed cable,

i.e., the bench test has been invalidated.
This is true for test methods which cali-
brate on the total power into the calibra-
tion fixture. It does not seem as pertinent
for the swept CW procedure which cali-
brates on the forward power. The author
was privileged to serve on the commit-
tees which drew up the BCI tests for
commercial aircraft certification (FAA air-
cra.ft certification to the high intensiff ra-

diated fieid (HIRF) electromagnetic envi-
ronment (EME) and equipment level re-
quirement K|CA/DO-160C, Section 20)
and can attest to considerable reluctance
from the RTCA to impose a test method
with no attendant limit. That the proce-
dure was carried forward into the draft re-
vision of MIL-STD-462 is a testament to
the efforts of Dr. Nigel Carter of the
Royal Aircraft Establishment in Farnbor-
ough, England. Dr. Carter has been using
BCI techniques to certifi British military
aircraft to the HIRF EME since the early
1980's. [6] References 3 and 5 describe
how the loop impedance test ensures that
equipment level tests performed in the
shield room accurately reflect the EMI
immunity/susceptibility of the platform
instalied equipment.

Determination of
SusceptibiliVlmmunity under
BCI Testing, Special Conditions

Determination of threshold of suscepti-
bility does not differ from other suscepti-
bility tests. Susceptibility criteria must be
determined from the specified operation
of the EUT. This is usually adapted from
the EUT Acceptance Test Procedure
(ATP). But BCI testing methods must be
modiied for special lypes of EUTs. These
are equipments which perform their in-
tended function in a redundant manner.
Examples of such equipments are flight
critical systems such as eiectronic flight
controis and Fuli Authority Digital En-
gine Controls (FADEC). A commercial
impiementation supporting such controls
is the ARINC 629 databus. Among other
features, this databus

. Operates at a speed allowing gross
over-sampling of data, resulting in the ca-
pability to send the same data
- at multiple times
- from multiple sensors
- to multiple destinations
- on multiple paths

. Provides software filtering by
- monitoring input waveform fideliff and

rejecting comrpted signals
- bit by bit pariff check
- cyclical redundancy

o Incorporates redundancy manage-
ment
- cross comparison
- voting logic
- rejection of data when voting not possi-

ble (quorum requirement)
These features, although not included

primarily because of EMI concerns, are
very effective methods of achieving EMC
within the HIRF environment. This data-
bus is slated for use on the Boeing 777
and the European Airbus. Both aircraft E
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have to meet the new HIRF EME. includ-
ing qualification by BCI test methods.
Traditional susceptibiliff testing requires
no special tailoring of the test method for
a complex triply redundant databus based
system. But imagine what happens if the
setup of Figure 4 is taken to represent
BCI on one ofthree redundant databuses.
I f  a suscept ib i l i ty  is  induced in the
stre_ssed bus, the voting logic simply dis_
cards that input. The system as a whole is
not affected. But in the platform, it is pos-
sible that all the redundant buses wili be
equally immersed in the threat field and
equally stressed. Therefore sequentially
injecting current on each databus is not i
worst case approach. In such a situation
BCI must be simultaneously applied to all
redundant buses. This makes for a much
more complex test set up involving pow_
erful amplifiers, power splitters and multi_
ple injection and monitoring clamps and
probes.

Bqnng BCI Test Capability
Thes-e are lhe parameters oJ inlerest

when pTrrchasing a BCI lest capabilifv:
o Maximum current to be iniected into
calibration fixture lbased on MIL-STD
or other EMI limit)

. 
l9*9. requirements (amplifier rating)

. 
\Iqirmum RF power in injection clamp

windings (together with insertion loss,
power limits the total current iniectable
into the calibration fixture and CIJTI

. Maximum size of CUT to be tested (de-
fines window diameter)
The following is an example of specifo-

ing an injection capability for the 
-CSli+

(swept CW BCI) limit of the draft revision
to MIL- STD-461C.

1) Determination of the currents to be
injected:

The limit is shown in Figure 5. Which
curve is applicable depends on the Ser_

vice and platform type. Curve #5 will be
used here. (If test equipment is specified
lor Curve #5. and the signal generator/
amplif ier combination has a dynamic
range such that it can generate a clean
signal 32 dB below that required for
Curve #5. then the equipment is good tor
all curves.) This curve is very similar to
the most stringent cutwe in RTCA/DO-
160C, Section 20, so this calculation will
apply to that specification as well.

2) Forward Power Dissipated in Cali_
bration Fixture:

. At 19 kHz, 69 dBprA must be injected
into a loop with 100 e (20 dBA) resis_
l-an_ce. This corresponds to -l dBm (, I
mS) power dissipated in the calibration
fixture per equation 1:

dBm6"r." = dBFA + 20 dBA - 90 (1)

At 1 MHz and above the dissipated
power is 39 dBm (-101\D.

3) Derating of BCI clamps and calibra_
tion {ixture loads/atten uators:

Given a set of injection clamps rated at
100 W capabil ify, and derating 50 percent,
we want to inject these wattages with a
forward power of 50 Watts, or +Z dgm.
Derat ing is helpl-ul  because maximum
power ratings are based on a halfhour of
use. If the BCI clamp is to be used for
longer than one half hour, it must not be
run at full power. Figure 6 shows the cur_
rent (dBpA) l imit equivalent power
(dBm) injected into the calibrati,on fix-
ture. The 50 ft loads on each end of the
calibration fixture should also be derated
50 percent and thus should be rated for
10 W. Notice that on one side of the fix-
ture the load is not a resistor but a receiv-
er requiring external attenuation. The at_

maximum signal /o a range of about _30
dBm to ensure operation of the receiver
in its linear range. This implies 70 dB of
attenuation. This attenuation is best im_
plemented by a single 10 W attenuator of
10 - 20 dB attenuation, followed by less
expensive. low power attenuators. Such
an arrangement is easily modified for
other injection levels requiring less pro_
tection. Better, but more expensive,-are
variable attenuators providing selectable
attenuation in 10 dB steps. Such an atten_
uator must still follow the high power at_
tenuator, since it is typically rated at no
more than 1Watt.

4) Calculation of worst case iniection
clamp insertion loss allowing specifica_
tion current to flow in calibration h*tu.",

Subtracting the dBm levels iniected
into (he fixture [rom lhe 47 dBm iSO Un
predicated forward power wil l yield rhe
maximum insertion loss allowable. Figure
7 shows this maximum inseftion losi vs.
insertion losses for two commerciallv
available clamps. Notice that in the fre-
quency range of 700 kHz to 6 MHz, the
calculation predicts that we cannot derate
to 50 W. The tull 100 W must be used to
inject the required current. This brings
up another issue.

5) How much amplifier power is re_
quired to produce the required forward
power?

- 
The injection clamp, especially at low

frequencies, is nol a good 50 O load for
the RF ampl i f ier .  (Consider that  test
method CS01, swept CW 30 Hz - S0kHz.
uses a signal source of 0.5 e impedance.)
There can be sizable reflection due to
VS\^,R. Thus, considerably more amplifi-
er may be necessary than the inieciion
clamp power rating. Furthermore. onlv

Figure 8: BCI calibration fixture with 400 W,T_ SOO MHz BCj
clamp clamped around center cond.uctor. (Courtesl of Fischer Cus_

tenuation must be
rated at 10 W and
should reduce the
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