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1842 ELECTRONICS ENGINEERING GROUP 

MISSION 

The 1842 Electronics Engineering Group (EEC) is organ- 
ized as an independent group reporting directly to the 
Commander, Air Force Communications Service (AFCS) with 
the mission to provide communications-electronics- 
meteorological (GEM) systems engineering and "nsultive 
engineering for AFCS.  In this respect, 1842 EEC responsi 
bilities include:  Developing engineering and instal- 
lation standards for use in planning, programming, 
procuring, engineering, installing and testing CEM 
systems, facilities and equipment; performance of 
systems engineering of CEM requirements that just 
operate as a system or in a system environment; oper- 
ation of a specialized Digital Network System Facility 
to analyze and evaluate new digital technology for 
application to the Defense Communications System (DCSj 
and other special purpose systems and equipment 
configurations to check out and validate engineering- 
installation standards and new installation techniques, 
providing consultive CEM engineering, assistance to 
HQ AFCS, AFCS Areas, MAJCOMs, DOD and other government 
agencies. 
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SUMMARY 

A survey of the grounding system, located at the 603 
Tactical Communications Squadron (TCS) at Sembach AFB, 
Germany, was performed by representatives of the 1839 
Electronics Installation Group (EIG) and the 1842 Elec- 
tronics Engineering Group (EEG). The purpose of the 
1839 EIG survey was to investigate and identify the 
source of 400 Hertz (Hz) "hum" on communication circuits 
between the 603 TCS and the 2134 Communications Squadron 
(CS) Technical Control Facility (TCP) at Sembach AFB. 
The purpose of the 1842 EEC survey was to further 
investigate and attempt to correct the 400 Hz "hum on 
the communication circuits. The results of the survey 
indicated: an inadequate low impedance ground at the 
603 TCS site; incorrect electronic equipment van power 
wiring (in which the neutrals and green safety wires 
were connected together); the existence of various 
independent ground systems; excessive currents floating 
on the skin of equipment vans; and incorrectly wired 
semi-permanent buildings. Modifications in the power 
wiring of the semi-permanent buildings were made a.ong 
with minor grounding system changes. As a result, a 
decrease in the 400 Hz "hum" was noted in the circuits 
between the 603 TCS and the 2134 CS TCF. 
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1.  INTRODUCTION. 

1 1 The 2134 Communications Squadron (CS) had reported 
excessive 400 Hz "hum" noise problems on communications 
circuits from the 603 Tactical Control Squadron (TCS). 
Both units are located at Sembach AFB, Germany.  The 
1839 Electronics Installation Group (EIG) was tasked 
with dispatching a team to investigate and determine the 
source of the problem.  This team surveyed the Sembach 
problem during the week of 18 Nov 75 and reported the 
source of "hum" was caused by power neutral currents 
flowing on site grounds.  Because of the scheduled CreeK 
Swap" project at Sembach AFB, it was determined that 
further investigation and corrective action should be 
taken to eliminate the 400 Hz "hum" on the communication 
circuits under investigation. As a result, two 184Z 
BEG engineers, Mr. John Zych and Mr. Harold McRaney, were 
sent to Sembach AFB, Germany to investigate and take 
corrective action to eliminate the 400 Hz "hum" problem. 

1 2 The information in this report reflects the findings, 
recommendations, and results of only the 1842 EEC survey. 
However, the results are similar to those of the is^y 
EIG. 

2.  PROCEDURES. 

2.1 The procedures used to obtain the data contained in 
this report are as follows: 

a. Grounding drawings were developed with the aid 
of on-site personnel and through visual inspection,  bite 
layout is shown in Figure 1 and existing grounding drawings 
are shown in Figure 2. 

b  Resistance-to-earth measurements were made with 
an Associated Research Model 259 Vibro-ground Tester at 
important grounding rod locations throughout the 603 TCS 
complex. Earth resistance values are shown in Figure 2. 
The three-point method shown in Figure 3 was used for 
these tests. 

c. Currents in the major grounding conductors were 
measured with a "clamp-on" ammeter. Results of current 
readings found on various ground cables are shown in 
Figure 2. 
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inspection of ele5ti1"i^1^fng configuration and to 
^fatrihr^e^ wt^nafetrg^LrSn/neut»! connected 
together at the wiring panels. 

e.    The level °f/he 400 Hz interference on.the^^ 

1^^!""HA S fh*'!5« Technical Control 
fan (AN/TCC-62)      ^measurements «ere made to d.ter^ 

^^I'tsMToSlflc«!^ ^rtriSr.l?. ground system 
during the survey. 

3.     RESULTS. 

menJs hid been aid! with all wires connected to the 

ground rods. 
3.2 The TSQ-91. TSC-IS TSC-60 TRC;97 TPS 43 TSC-6^ 

and TGC-28 vans are wired w^h all g^u^ ^ls an| 
at the power distribution Panels. J^^f^J' with 
green safety ^Te!/er!.""f ^lerenle g?ounds!8and the signal cable shields, signal reffencej.^ re.uited 

skin of the ^^"^"int flowing in the various in several anperos of 'urrenttlowing -M       used 
grounding "f uctors and the shelter^skin      ^ 

E?*S?i tL facilltJ! The TRC-87 and TTC-30 have 
^ejarate groSnJ an^neutral conductors as required. 

?-3 A rifhr/^efprntirwTr^iS11^   ***** 
l^TZ t^e -utranoLected together.    This situation 
introduced most ^the current into the grou      /        res 

^rfe^virJ™ iLTo^s^rX; the green wires 
were  isolated from the neutral. 

w 
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3.4 Neutral wire conductors are being used as safety 
ground in the air conditioning (A/C) units on most of 
the vans.  The A/C units operate at 3 phase, 208V, and 
use neutral as the safety equipment ground.  This 
wiring introduces unnecessary current in the grounding 
system. 

3.5 Neutrals and green safety wires are connected 
together at the utility outlets.  This situation intro- 
duces current into the equipment's safety ground and is 
in violation of Section 210 of the National Electrical 
Code (NFPA No. 70). 

3.6 The maintenance of ground systems is poor.  Corroded 
and loose connections, many unnecessary taps, and frayed 
conductors were found throughout the grounding system. 

3.7 Circuit measurements made during normal site 
operation indicated that high levels of 400 Hz inter- 
ference (greater than -40 dBmo) existed on many of the 
603 TCS circuits routed through the 2134 TCP. The 
level varied from circuit-to-circuit and changed during 
the day as different equipments were turned on and off 
within the 603 TCP facility.  During periods when the 
level of interference was greatest, a high level near 
one volt RMS was found to exist between pair and ground 
on all 603 TCS circuits within the 2134 CS TCF. The 
major cause of the interference in the channels is the 
conversion of the ccmmon mode interference voltage to 
a differential signal within the channel.  This is due 
to the impedance unbalance inherent in the cables and 
equipments both at the 2134 CS TCP and the 603 TCS 
communications facility.  The problem is aggravated by 
the fact that the primary power frequency is within the 
passband of the circuits involved.  Thus, for the same 
level of interference in the communication channels, 
the 400 Hz power system requires an additional 30 to 40 
dB of rejection over that required by 50/60 Hz power 
systeiii^, 

3.8 The noise measurements were repeated during a period 
when the 603 TCP facility was down for testing.  The 
results indicated a 30 dB decrease in the average inter- 
ference level.  After modifications were made to the 603 
TCP ground system, which reduced the ground currents 
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(see paragraphs 3.2 and 3.3), additional measurements 
of the interference levels were made.  The results of 
this test showed a 10 to 20 dB decrease in the average 
interference level compared to the results of the initial 
tests run on the operational facility prior to the 
modifications. 

i 

': 

4.  RECOMMENDATIONS. 

4.1 Recommend that a new ground system be implemented at 
the 603 TCS.  The ground system should be similar to the 
sketch in Figure 4.  A low impedance (10 ohm or less) 
path-to-earth should be obtained, either by installing 
a new copper ground grid, or by using the existing 50 Hz 
ground system. 

4.2 Recommend that 603 TCP obtain a Vibro-ground Tester 
and perform periodic ground resistance measurements on 
the ground systems.  Ground resistance measurements 
should be made periodically on all permanent installa- 
tions as well as at every temporary field installation. 
A goal of 10 ohms or less earth resistance should be 
obtained at all installations. 

4.3 Recommend Unsatisfactory Report (UR) action be 
taken to have all neutrals and green protective grounds 
isolated within the vans.  Neutral should be isolated 
from the equipment van shell and be grounded only at 
one lacation.  This location should be at the power 
generation source.  Only when the equipment vans are 
rewired can noise from the 400 Hz be completely 
eliminated.  With a better grounding system, the quality 
of the circuits will be improved; however, some noise 
will still exist because of the neutral currents floating 
on the skins of the shelter. 

4.4 Recommend that a complete analysis of site equip- 
ment configuration also be accomplished.  Items such as 
common grounding, highest power consumers located ^r 
the pcver source, balancing of power loads to get neutral 
currents minimized, running power cables as short as 
possible, checking new equipnent vans to insure neutral 
wire isolation grounding measurements, and maintenance 
of grounding system should be considered in the analysis. 

 •  '-^■■— 
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4.5 Recommend larger cables be used for the 603 TCF 
grounding system.  The braided cable presently being 
used does not have a high current capability.  It also 
has a large voltage drop and a tendency to fray easily. 
A larger stranded copper cable, such as a #2/0 AWG cable, 
is recommended for installation use.  For field appli- 
cation, a larger braided cable may be used. 

4.6 Recommend that a longitudinal balance test be made 
a part of the routine system checks and trouble-shooting 
procedures for the equipment and cables associated with 
the 603 TCS facility.  This test is required since the 
recommended improvements in the grounding system will 
not totally eliminate pair-to-ground 400 Hz voltage. 
Circuit longitudinal balance must be depended upon 
to further reduce the interference to an acceptable 
level. Methods and equipment for performing longitudinal 
balance tests are specified in DCAC-310-70-51, Sup 1, 
Chapter 9. The balance value should exceed 70 dB to 
insure satisfactory system operation. 
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