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Warning

"t should be impressed on all personel that a lethal potential can ex

- between the station ground and a remote ground f a system faul

Involing the station ground occurs while tests are being made. Since
ong of the objects of tests on a station ground is t establishment o
the location of an effecively remote point for both current and potenta
electrodes, he leads fothe electrodes must be treated as though a pos-
sble potential could exit between these testleads and any point on the
stafion ground grid"

— excerted from IEEE Std. 81-1962

International Electrical Symbols

D This symbols signifes that the current probe is protected by
double or reinforced ingulation. Use only factory replacement
parts when servicing the instrument,

This symbol signfies CAUTION! and requests that the user
referto the user manual before using the instrument,

1+ Digital Ground Resistance Testers Models 3640 & 4610

Receiving Your Shipment

Upon receiving your shipment, be sure that the confents are consistent
with the packing lis. Notify your distrbutor of any missing tems, If the
equipmen! appears o be damaged, fle a claim immediately with the
carter and noty your distributor at once, giving a detailed description
of any damage. Save the damaged packing container fo substantiate
your claim,

Packaging

The Digital Ground Resistance Testers Models 3640 (Cat, #2114.92)
and 4610 (Cat, #2114.94) are shipped with a soft camrying case,
batteries and a user manual

The Digital Ground Resistance Tester Model 3640 Kit (Cat. #2114.93)
i3 shipped with a hard carrying case, set of two reels with 150+, leads,
one 16+t lead, two T-shaped handles, batteries and a user manual,

The Digital Ground Resistance Tester Model 4610 Kt (Cat, #2114.99)
Is shipped with a hard carrying case, set of two reels wih 300-1 leads,
one reel with 90t lead, one 16-1t lead and four electrodes (rods) with
T-shaped handles, batteries and a user manual,
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Description Control and Connector Identifcation
The Digtal Ground Resistance Testers Models 3640 and 4610 perform
accuate ground resstance measurements (2- and &:pole) on single 4610

fods or computer grids. In additon the Model 4610 perfors sol
rsisivity measurements (4-pol) and it may also be used for touch
potential measurements.

These  autoranging testers automatically seek out the optimum
Measurement range. To use, connect the leads, press to measure, and

read. Treg LED lighs on the font panel continuousl wam th user o 1
Mmeasurement problems (open leads, high sty volage, et o ensure
accurate and relabletets. The ground testers are buitnto a water and :
dustresistant case, and performs well in nosy environmens, GROUND RESISTANCE TESTER
MODEL 4610
' ! M -] |
Optional Accessories 5 | ) fhee .:,: :jl E H 'Q g
Test it fo ground resitanc testing includes hard caying case, set o el = |
toreets ith 300- eads, one 90-oot ead, one 16-foot lead. and four Prale [ | [ e
" electodes (rods) with -shaped handles providing easy soil penetaton o
and improved rod-soil contact, Cat, #2118.31 / / l ARMC w
Ground Test Kit with thee lads (15,98, 98-) o T-shaped ground ——— — /Figm” |
fods, and sof carrying case, Cat. #100.1324 | é ) |
1
Ground Test Kt wih one 164 lead, two 150+ eads on spodls ith |
Wind-1p hanles, two T-shaped ground rods, and camying case vith ot 1. Input terminal X (C1) 1. Low battery indicator

for Model 362013640, CAT. #2114 96

St of§ replacement fuses (01 A250 V. 0.2 x 125") Cat. #2970.12
240 Callbration Checker Cat, #2118.58

2. Input terminal Xy (P1) 8. X-Zfaultindicator

3 Inputterminal Y (P2) 9. XY high resistance indicator
4. Input terminal Z (C2) 10. Xv-Y high noise indicator

5. Push-to-measure bution 11, Ground resistance
6 Digly shorting links

Dige Ground Resisance Teers Models 640 4610 Digtal Ground Resisance Testers Models 3640 & 4610




Control and Connector Identification

3640

GROUND RESISTANCE TESTER | /
MODEL 3640 | ‘ g
( X2 Fuk ww‘ n n n @ I
XeY HiReslotance |mm & ‘e’ ‘et e
@ YooY HiNolse lLllLllu Q j
!nmrouuumuu ki
Pross To m‘."““‘”""

‘ , Mot
)
o 0

{. Input terminal X (C1) 6. Display
2. Ground resistance 7. Lowbatiery indicator
L 8, XZfau e

3 IputteminalY P2 9. XveY high resistance indicator
4, Input terminal Z (C2)

5. Push-to-measure buton

4“‘

10, Xv-Y high noise indicator

s Digital Cround Resistance Testers Models 3640 & 4610

Specifications

Note: Accuracies and specificaion are gven for an ambienttempera:
ture of 28°C + K, RH of 4 to 55%, battery power at 8 vots, auliary
resisance al the measurement terminals < 200 0, no sty votage and
a magnetic ield from 0 1o 40 Alm.

ELECTRICAL SPECIFICATIONS
Measurement Ranges: Autoranging: 0 to 20000

Ranges 200 2000 20000
Measuremet | 000t 19,9902 | 20,0010 199.90) 12000010 19990)

R | 0n0 | 0n2 | {0
Test Curent 10mA M 0rm

Accuracy 2lreadng | 2% reading % reading
1t 1l 13018

Open Vohage <42V peak

Operating Frequency: 128 Hz square wave

Max. Auxiliary Rod Resistance:

Range - Current Circut Voltage Circut

200 3k 50KQ

00 Nk 50kQ

2000 50kQ 50 Q)

Response Time: Approximately 6 seconds for a stabiized measurement

Inteference: Models 3640 & 4610 ave esigned o ejot high evel of
Interference votiage (DC, 50160 Hz, harmonics)

OC votage in series with X: 20V
AG vottage i series ith Y: 13 V peak
AC vottage i series with Z: 32 V peak

Digital Ground Resistance Testers Models 3640 & 4610




Specifications (cont,

Voltage Withstand: Both models are fuse protected. In the event of a
system faul, the units can withstand 250 Vims with spikes of 3000 V AC
or 1000V DC.

Power Supply: Eight 15 V "AA" batteries; Alkaline recommended.
‘LOBAT"indication on LCD

Typical Operating Time: 1800 15-second measurements
Fuse Protection: High breaking capacty 0.1, 250V, 0.25" x 1.26'

MECHANICAL SPECIFICATIONS

Connection: Color-coded terminals aceept spade ugs with minimum
gap of 6 mm or standard 4 mm banana jacks

Display: 7 segment LCD, .71" (18 mm) high (3-1/2 digt); 2000 counts
LOD also indicates overrange, test lead shorts and lead reversals.

Operating Temperature; 14° to 131°F (-10° 10 55°C), 0t0 90% RH.

Storage Temperature:
4010 158°F (+40° t0 70°C), 010 90% R H. vith batteries removed

Dimensions: 8.7 x 5.4 x5.9" (220 136 x 150 mm)
Weight: 2.9 bs (1.3 kg)

Case: Heavy-duty, ABS

Colors: case - safsty yellow; front panel - gray
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Specifications (cont.)

SAFETY SPECIFICATIONS
CE Mark

Electrical:
IEC 1010-1 Cat I, Polluton degree 2, 42 vols

Electromagnetic Compatibility:
Emission: EN 50081-1
Immuniy; EN 50082-1

Mechanical Shock: IEC 68-2-27

Vibration: IEC 68:2:6

Drop Test: IEC 68-2-32

Case Material: UL94

Environmental: O-ting sealed against dust and water to IP50

LED Indicators [

The three indicators descrbed below confitm the correct measurement
being taken if nong of them are It

Note: Refer o page 29, ‘Incorrect Measurement Indication - Tips and
Solutions’, to help alleviate these problems,

L XeZ Fault

LED signals that the vortage between terminals X and Z exceeds 30 V
peak There are four possible causes;

+ the resistance of the current circut between X and Z istoo high
+ inerference voiage in the current cireut is oo high

+the fuse s blown

the circuitis open (lead not connected)




] X-Y High Resistance (3640)

21 Xv-Y High Resistance (4610)

LED signals that the resistance in the voltage cireut (between Xv
and Y or X and ) is too high (approximately 50 kQ) or tha the circu
may be open,

Flashing will confinue throughout the measurement, even i the resis-
tance drops below the threshold; for example, after reconnecting or
lowering auliary rod resistance.

Inthis case, you must release the push-button and press again after the
faul has been corrected.

Qccasionall, a stray voltage above 6V DC may also set of this liht,
Check the leads for a possible soluton.

Il X-Y High Noise (3640)

T XY High Noise (4610)

LED signals the presence of excessive noise (approximately 13 V peak)
Inthe voliage circut (between Xv and Y or X and Y)

Power Supply

Battery Test
» Short-circuit the X and Z terminals,
 Pregs the “Measure” button,

fthe low battery indiator ‘7 in Figure 1 or Figure 2 ights up,change
the batteres. If the indicator does not iht,the bateries are suffcentl
charged.

Average Battery Operating Time:

v 7 hours for 10 mA test cument (approximately 1800 15-second
measurements).

Ithe *LO BAT " ndicator (7" in Figure 1 or Figure ) ights up, the bat-
teries have lost power. Thereafter, the available operating time
remaining is approxmately 100 15-second measurements. Change the
bateries promptly when the ‘L0 BAT" indicator is fit

Replacing Batteries

+ Loosen the two fastening screws on the battery compartmen cover,
Which is located on the bottom of the case.

+ Remove the battery compartment cover fo gain access fo the eight 15
V°AA" batteries (See Figure 3.

+ Replace the worn batteries and reassemble the instrument,

A waring
CHBO0MECY METIAN IR AL
O NPT AEFORE 0NV At

&

J Figure 3




Replacing the Safety Fuse

An interral fuse which provides protection for upto 250 V AC is used o
protect the instrument against voRages into the test leads, To replace
the fuse:

* Do not replace the fuses when the instrument is connected.

+ Loosen the two fastening screws on the battery compariment cover,
Which s located on the bottom of the case.

+ Remove the battery compartment cover to gain access to the fuse
holder (See Figure 4),

+ Replace the fuse with the appropriate replacement (Figure 4) and
reassemble the instrument,

[ ]
O A ATmeNmON O
NE PAS OUNER LE BOMER AT DMK

DECTANECTE POUTES L8 ENTRéEs

Fuse

Holder
Spare v
F
AN 0
A weanne
Figure 4 \ /
LBattery
Compartment
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Grounding Electrode Resistance

Figure §ilstrates a grounding rod. The resistance o the electrode has

the following components:
(A)the resistance of the metal and that of the connection to f
(B)the contact esistance of the surounding earth to the electrode
(G) the resistance in the surrounding earth

More specically:

(A) Grounding electodes are usually made of a very conductive
metal (copper) with adequate cross sections so that the overall resis-
tance is neglighle.

(B) The Netional Inste of Standards and Technology has demon:
strated that the resistance between the electrode and the surrounds
ing earth is neglgbl if the electode i free of paint, grease, or
other coating; and if the earth i fimly packed

e ————— ———
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(C) The only component remaining s the resistance of the
suounding earth, The electrode can be thought of as being
surounded by concentric shell of earth r so,al of the-samethick
ness. The closer the shell to the electrode, the smaller it
surface; hence, the greater ts resistance. The farther away the
shells are from the electrods, the greater the suface of the shell
hence, the lower the resistance. Eventually, adding shells at a
distance from the grounding electrode willno longer noficeably afect
the overall earth resistance surounding the electrode. The distance
at which this effect occurs is referred to as the effective resistance
area and is directly dependent on the depth of the grounding elec-
trode.

In theary, the ground resistance may be derived from the general
formula:

H:p% Resistance = Resistvity x LAipeg;_h
This formula clearly ilustrates why the shells of concentric earth
decrease inresistance the farther tey are from the ground rod:

R Resil of S x Tk f Sl
Area

In the case of ground resistance, unform earth (or ol resistivty
throughout the volume is assumed, athough this is seldom the case in
nature. The equations for systems of electrodes are very complex and
often expressed oy as approximations. The most commonly used
formula for single ground electrode systems, developed by Professor H.
R. Dwight of the Massachusetts Insiute of Technology,folows:

H=-P—- X](In4L) 1[
2l [

R = resistance in ohms of the ground rod to the earth (or so
L = grounding electrode length

p = grounding electrode radius

p = average resistvily in ohms-cm.

1 Digial Ground Resistance Testers Models 3640 & 4610
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Effect of Ground Electrods Size and Depth on Resistance

Size: Increasing the diameter o the rod does not material reduce it

resistance. Doubing the diameter reduces resistance by less than 10°%
(Figure 6),

—n

= RE =S
hllill
=

Resistance In <6

i

U R A R K

Rod Diameter (Inches) Figure 6

Depth: As a ground rod is driven deeper into the earth, tsresistance i

sutqstamially reduced. In general, doubling the rod lengih reduces the
resistance by an addtional 40% (Figure 7).

200

ol

80

50 1
" \
Ey
0y
¢ \
v 0
0 \
§ l"dll.\§\ 112" dl,
B
[/}
[y

b

§

4

3

2

1

%5 % %40 % 6
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Ground Resistance Versus Ground Rod Depth Figure 7
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The NEC® (1987, 250-83-3) requires & minimum of 8 24 m) to be i Factors Affecting Sail Resisti
contact with the sol. The most common is a 10 f (3 m) cylindrical od g o sy
\hich meets the NEC® code. A minimum ciameterof /8 inch (1,59 om) Thosaples o s, hen thoroughy i, mey beome it veygood
s required for teel rods and 112 nc (1.27 om) for copper or copper nouaor, having a ressy n excess of 108 ohmaeriimeles. The
clad teel rods (NEC® 1967, 250-83:2). Minum practica dameter for ressivtyof the i sampl s seen tochange qute repicy unil approxi
ding imiatons for 01 (31) s e | Matel twenty peroent or reater moisture content is reached (Figqure 9)
+ 112 ch 127 cm) inaverage o Moisture content, Rsistivity, (-¢m
+ 5/8 inch (1.59 cm) in mist sol %o by weight Topsol |  Sandy loam
o /4 nch (1.91 om) in hard sofl or more than 10 riving depths 0 5109 > 108
25 2500
Efcts o ol Ressivty on Ground EectiodeReisance : s b
 Dwight fomula, ied previousy, showstha the rsistance to earthof 0 | e
| qoundig dectudescepends ot orl on e ciph andsrface e 5,000 18,500
of rounding elecirodes but on so resistvy as wel So resistvy s 18 19,000 10500
the ey factor that determines what the rsistance of a grounding elec 2 000 ‘
trode wil be, and fo what depth it must be driven to obtain low ground : 0
resistance. The resistiviy of the soil vares widely troughout the world X 640 4200
and changes seasonall. Sol resistiy is determined largely by s con- !

tent o electrolytes, consiging of moiture, minerals and dissoved salts,

The resistty of the sol is also influenced by temperature, Figure 10

shows the vriation ofthe resisty ofsandy oam, coteing 15.2% i
, , 915.2% mois-
| Resistivity, (-cm ture, Wit temperature changes from 20° o -15°C. In tis temperature
sl Minimum | Average Maximum range te resistty is seen to vary from 720010 330,000 chm-centimeters,
| Ahes cinders bring, waste | 50 | 2370 | 7,000 | Temperature | Resistivity
| VI,
Clay, shale, gumbo, loam M0 | 4060 | 1630 ¢ F ~ Ohmem
S, gt | | o0 | g 2 08 720
of sand and gravel 10 50 9,900
Gravel, sand, stones wih 0 3 (water) ’
Wi ‘
e dy o e R il e (.ater) M
' 0 8 (ice) 30,000
Figure§ ' 5 ” | 79,000
15 14 000
Figure 10
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ature, it is reasonable to assume that the resistance of any grounding
system il vary throughout the different seasons of the year. Such vari
afions are shown in Figure 11, Since both temperature and moisture
content become more stable at qreater distances below the surface of
the earth, it follows that a grounding system — to be most effective at
all fimes — should be constructed with the ground rod drven down a

considerable distance below the surface of the earth. Best results are

obtained fthe ground rod reaches the water table.

Seasonal varition of earth
11 resistance with an elec-
o ] e Lol L tode of 34 ich ppe i
2 17 TN TR  rather stony clay sol. Depth
A et N ctode i eah s 31
0

‘¥ 224 ¢ 22 for Curve 1, and 10 ft for

-:Ei-a‘gzﬁii-; Clrve 2.

thureH

In some locations, the resistvty of the earth is so high that low-resis-
tance grounding can be obtained only at considerable expense and with
an elaborate grounding system. In such situations, it may be
economical 0 use & ground rod system of imited size and to redice the
ground resistvity by perioically increasing the Soluble chemical con-
tont of the soll, Figure 12 shows the substantial reducton in esistvity
of sandy loam brought about by an increase in chemical satcontent,

Chemically treated soil s also subject to considerable variation of
resstvit with changes in temperature, as shown in Figure 13. If sal
treatmen is employed, it s, of course, necessary to se ground rods
which wilresist chemical corrosion.

+ Digital Ground Resistance Testers Models 3640 & 4610
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Becauise soilresistvity directl relates to moisture content and temper-

The Effect of Salt* Contant on the
Resistivity of Soi

(Sandy loam, moisture content 15% by Weight,
temperature, 17°C)
Resistivity
(Ohm-centimetars)

0 10,700
01 1,800
10 160
5 190
0 120
2 100

Added Salt
% by weight of moisture

Figure 12

The Effect of Temperature on the
Resistivity of Soil Containing Salt

(Sandy loam, 20% moisture,
salt 5% of weight of moisture)

Temperature Resistivity
(Degrees C) (Ohm-centimeters)

2 110
0 o
0 190
L 32
13 140

Figure 3

* Such as copper sufate, sodium carbonate and others, Salls must be
EPA orlocal ordinance approved priorfo use,
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Effect of Ground Rod Depth on Resistance

To assistthe engineer in determining the approximte ground rod depth
required to obain a desired resistance, a device called the Grounding
Nomagraph may be used. The Nomograph, shown on the folowing page,
Indcates that to obtain a grounding resistance of 20 ohms in a soi with a
resistivt of 10,000 ohm-centimeters, a 58" OD rod must be driven 20
foet, Note tat the values indicated on the Nomograph are based on the
assumption that the ol is homogeneous and, therefore, has unform
resstvity (Figure 9). The Nomograph valle is an approimetion,

Giound o Solbwletdy ~ fod Rod Dol
et N v N o ™
D
; ., K
n”
1t wr o
% +70 9-
80 P B+ 47
1 fo0k0 4 c-
# 0 ot 1
f o 0 H
0 3
¥ o
1500 c A
n 00 ; i
15
0 {0+ 1o
0 w
; d " 0 T4
1 + @y
§ 1000 TR
-+
;
0 &
¢ z- hl
3
¢ 1
Figm 14 Ly
Grounding Nomograph

1, Select required resistance on 4. Mark K scale point.

R scale 5, Lay sraightedge on K scal

point and DIA scale, and
allow to intersect with D scale,

2. Select apparent resistvty on
P scale.

3. Lay straightedge onRand 6. Point on D scale wil be rod

P scale, and allow to ntersect ~ depth required for resistance
with K scale. on R scale.
2 # Digital Ground Resistance Testers Models 3640 & 4610
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Ground Resistance Values

NEC® 250-84 (1987): resistance of man-made electrodes:

*Asingle electrode consisting of a rod, pipe, or plate which does
not have a resistance to ground of 25 ohms or less shall be
augmented by one aditional of any of the types specied in
section 250-81 or 250-83. Where multiple rod, pipe or plate
electrodes are installed to meet the requirements of tis sec-
tion, they shall be not less than 6 ft (1,83 m) apart.

The National Electrcal Code® (NEC) states that the resistance to
ground shall ot exceed 250, This is an upper imt and quideling, since
much lower resistance is required in many instances.

How low in resistance should a ground be? An arbitrary answer to this
in ohms is difficult, The lower the ground resistance, the safer, and for
posttive protection of personnel and equipment,  is worth the effort fo
aimfor less than one ohm, Itis generally impractical to reach such a low
resistance along a distrbution system or a transmission ling or in small
substations. In some regions, resistances of 5 or ess may be obtained
without much trouble. In others, it may be difficut to bring resistance of
driven grounds below 1000

Accepted industry standards stipulate that transmission substations
should be designed not fo exceed ong ohm resistance. In distibution
substations, the maximum recommended resistance is 5. In most
cases, the buried grid system of any substation wil provide the desired
fesistance.

I light industrial or in telecommunications ceniral offices, 5€ is often
the acoepted value. For lightning protection, the arresters should be
coupled with & maximum ground resistance of 10).

These parameters can usually be met with the proper application of
basic grounding theory. There will always exist circumstances which
Wil make 1 dificut to obtain the ground resistance required by the
NEC®. When these situations develop, several methods of lowenng
the ground resistance can be employed. These include parallel rod
systems, and deep driven rod systems uiizing sectional rods and

Digital Ground Resistance Testers Models 3640 & 4610




chemical treatment of the ol Addtonal methods, discussed in other
pubished data, are buried plates, buried conductrs (counterpoise),
elcirically connected buiding steel, and electrically connegted con-

-~ crete reinforced steel,

Electriclly comecting to existing water ang gas distrbuton systems
Was often considered to yield low round resisance: however, recent
design changes utizing non-metalic Pipes and insulating joints have
made this method of obtaining a low resistance ground questionable
and in many instances unreliabl,

Ground rods, of course, wil be required in high vokage transmission
ings, where maximum resistance of 15 ohms is recommended: and in
dtrbution s, where maximum resistance of 25 ohms is preferred.
Al electical systems constucted in accordance with the Nationa
Electrical Code?, should not exceed 25 ohms

The measurement of ground resistances Mmay only be accomplished
Wth speciall designed test equipment, Mostinstruments use the Fal
of Potentil princple of aterating curent (AC) cireulating between an
aliary electrode and the ground eletrode under test he reading wil
be given in ohms and represents the resistance of the ground electrode
1o he surounding earth. AEMC? Instruments has also recently intro-

- duced a clamp-on ground resistance tester

Note: The National Electical Code® and NEC® are registered trade-
marks of the National Fire Protection Association,

s Digital Ground Resistance Testers Models 3640 & 4610

Ground Resistance Testing Principle
(Fall of Potential — 3-Point Measurement)

Three-point measurement s used to measure resistance o ground of
ground rods and grids. The potentil diference between rods X and Y
is measured by a voltmeter, and the current flow between rods X and Z
is measured by an ammeter.

By Ohm's Law E = Rl or R = E/l, we may obtain e ground electrode
resistance R, IFE =20V and | = 1A, then

R:—E|-=2$=ZOQ

It is not necessary to cany out al the measurements when uging'a
ground tester The ground tester will measure directly by generafing it
own current and displaying the resistance of the ground electrode.

Curment

~
Ammeter (|
Voltmeter (E) \ai
i
Ground Aurlary é’ﬁm% 7
Electode_ gy Polential, ¢ Elecirode
Under Test Elecirode

Figure 15

(Note: Terminals X and Xv are shorted together in three-point
measurement)




Position of the Auxiiary Electrodes in Measurements

The goal n precisely Mmeasuring the resistance fo ground st plce the
auiiiary curent electrode Z far enough from the ground electrode
under test o that the auiiary potenal electiods Y il be outside of
the effecive resistance areas of both the ground electrode and the
auxliary cunent electrode The best Way 1o find out if the auxiiary
potental rod Y is outside th efecive resitance areas is o move i
between X and Z and to take a reading al each locaion, f the auxiary
Potentalrod Y is inan effecive resistance area (or im both f they over-
ep) (Figure 16), by displcing i the readings taken il vary noticeably

in value. Under these conditons, no exact value for the resistance fo
ground may be determined.

Effactive Resistance
Areas (Overlapping)

Resistance

XY Distance

Figure 16

On the other hand,f th audliay potential rod Y i located outsie of
the effctve reistance areas (Figure 17), s Yis moved back and forh
the reading varation is minima, The reacings taken should be relatve-
y close to cach other, and are the best values for the fesistance to
Ground ofthe ground X. The readings should be plotted to ensure that
they ien a ‘platea’ region as shown n Figure 17.

U L

Digtal Ground Resistance Testers Models 340 & 4610

Effective

| Resistance Areas
9 (No Overiap)
i .
g (ot
: o ’Heading Vaon
XY Distance Figun | i

Measuring Resistance of Ground Electrodes
(62% Method)

% method has been adopted after raphical coqsideration and
I:eaftiél test, It is the most accurate method butis Iimngd by the fact
that the ground tested i a singl unit This method applles.only when
all three lectodes are in a straight ine and the 'ground is a single
electrode, ipe, o plate, efc. as in Figure 18 and Figure 19,

4610 \

~ Y Bcinde 2 e

\
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Figure 18 e v
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Y Electrods

\ ZEketote
e OO em Lo T
GoundRod
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Consider Figure 20, which shows the eflecive resistance areas (con-
oeniric shells) of the ground lectrode X and of the auxiiary current
electrode Z. The resistance areas overlap. I readings were taken by
- moving the ausary potental elcirode Y towards ither X or  the
| reading diferentals would be great and one could no o 2 reading
Withina reasonable band of tlerance, The sesiive areas overlap and
actconstantly to increase resistance as Y is moved away from X,

Ground  Auliay Auxilary
Electrode Potental  Cyrent
Under Test Elecirode Electrode

lX |Y |z

v

O
Effective
Resistance Areas

Resistance

: Distance from Y to
Figure 20 Ground Electrode

st Digil Ground Resivance Testers Models 3640 4 4610

Now oonsider Figure 21, where the X and Z electodes are sufiienly
spaced sothathe areas ofefcive resisance do not overep. f e plo
the resistance meastred we find that the measurements level oﬁ When
Y s placed at 623 of the distance from th Z,and that t'he' readings on
either side of the intial Y setting are most Illfely b be within the estab»
ished tolerance band. Thi tolerance band is defined by the tojser and
expressed as apercentofhe nal reading. + 2, £ 5%, £ 10%, ec.

Auxiiary Auxflary
glr:cttlp:de Potentil Curent
Under Tes! Eleclrode Electrode

b

I

\ D 0D L g

o i Resistance

i | Ao Do Mol
Resistance o | Overkp
Auxfiary Current,

Elecoce |

,;Hesistanoe of Earh Electrode '
Distance flom Y 0 Ground Elecrode Figwe 21

Resistance

Auxiliary Electrode Spacing

No definite istance between X and Z can be givn, sinqe this distance
s relative 1o the diameter of the eIeptrode tested, k Iengh, the
homogenety ofthe so tested, and particulrly, e effectrye resistance
areas, However, an approximate distance may bg dglermmed from the
folowing chart whichis givn for  homogeneats soi apd a electroiig
of 1" in diameter. For a diameter of 112", reduce the disance by 10%
for a iameter of 2 increase the distance by 10%,




Approximate Distance to Auxilary Electrodes

using the 62% method
Depth Driven  Distanceto Y Distanceto 2
6ft 4, A%
8t 501, 80f,

10, 5, 81
12f, 601, %1
181 T, 1154,
201 T4, 120f,
0t 86 . 1401

Ground Resistance Measurement Procedure
(3-Point)

re—————

Y Electrode  Eloctrode

-~ MleorCpe-.. =TT~
Ground Rod
nl/l|
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N A3 +10% 2nd H}.‘:y.'
Moaaur?nm-\ Measurements.~ -/
’_L 1
Grgundﬂod YEIe;trodu “TEhetrode
| | 1
: 0% S 62% 72%  100% of distance
Figure 22 between X and Z

WARNING: Use exreme caution when disconnecting the- ground
connecfion from the rest of the cicit. Curent may be flowing and a
dangerous potential could exist between the disconnected Wirgs,

Digial Ground Resistance Testers Models 3640 & 4610

v Xand Xv (C1, P1) are shorted

v Disconnect shorting ink between Y and Z (G2, P2)

+ Connect X o the ground rod to be tested

v Conneet Y (P2) tothe central electrode

+ Connect Z (G2 to the outer electrode

v Depress the ‘Measure” button to measure ground resistance

Over-range Indication

Over-range is indicated when the display reads 1, or when the display
s blinking and the indicator (‘9" in Figure 1 or Figure 2) i I

Incorrect Measurement Indication - Tips and Solutions

The LED indicators ‘%", *9" or “10" in Figure 1 or Figure 2) show
excessive electrode resistance andlor excessive transient noise andlor
stray current,

Inthe event of an incorrect measurement indication:

v Improve the qualty of the connection to earth of auiliary ground
electrodes Y and Z. Z is the most fikely source of problems caused
by excessive electrode resistance,

v Check connections for continuity between leads and electrodes,

v Be sure that electrodes are properly inserted: they should be buried
as much as posshle.

v Ifhigh electrode resistance sfl exists afer properly inserting audiary
electrodes into the earth, ty pouring water on and around the auxiiary
electrodes. This wil improve their electical connection to earth,

v If stray cuents are suspected, one solution to reduce their
influence is to move both Y and Z electrodes in an arc relative to the
X electrode (ty, €9, a 90° shi), and test again.

+ Display of 0.00: Xvand Y are shortcircuted.

* Display of <0: X and Z or Xv and Y rods are reversed.




Accurac
4 ) _ Muttiple Electrode System
Accuracy may be affected by auriary ground rod (Ry, Re) reistance = : ,
 levelsand by sty signllvels earth curents) MaxGrd Ditance | Distance oY | DistancetoZ
| ot 18t 1251
; Bt Al 140 f
Multiple Electrode System
‘w 10 1001 160
| Asiqgle driven ground electrode is an econqmical anq simple means of 4 1054 104
} making a good ground system. But sometimes a singe rod will no
provide suffiient low resistance, and several ground electrodes will be Ll ff 1ot
| driven and connected in parallel by a cabe. Very often when two, thveg, 16 1241t 2001
- orfour ground electrodes are used, they are crven in a sraight fne 8 0 20
- When fouror more are used, a hollw square configuraion is used and
- the ground letrodesare sl connected n paralel and equally spaced 20t 13 201
- (Figure 23, | 0t 161 f Mt
| Inmuliple electods systems the 62% method electrode spacngmayno 40t 186 0H
- longer be applied irecty. The distance of the auiary electrodes is now i a1 Wi
| based on the maximum rid distance (e, in asquare, the diagonal:ina
e, thetotalength. For example, a square having a side of 20  wil have 60 f 230 310
l a diagonalof approximately 28 ). | 80 7 4ot
“ 100f 310ft 500t
f20f 341 650 f
140t Jret 600
160 390 630
180t 4341 100t
200t 453 130t
Figure 24
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2:-Point Measurement (Simplified Measurement)

This is an atemative method to three-point measurement when an
exogllent ground is aready available

I congested areas where finding room to dive the two auriary rods
may be a problem, the two-point measurement method may be applied
The reading obtained il be that of the two grounds in seres
Therefoe, the weter pipe or other ground must be very ow in
resstance 5o that it wil be negligble in the fnal measurement, The test
lead resistances wil also be included in the measurement and should
be deducted from the final measuremen,

This mettod is not as aocurate s three-poit methods (82% method),
as 1tis partioularly afected by the distance between the tested elec-
trode and the dead ground or water pipe. This method should not be
used as a standard procedure, but rather as a backup i fight areas,
See Figure 25,

Procedure

v Short Xand Xv (C1, P1)

v Short Y and Z (P2, C2)

+ Conneet X to ground rod to be measured
+ Connect Zto an electrode

v Measure as in the three-point method

= Grounding Conductor
Terminals AUX"[QW Rod
“Z shorted)
\ M Shoed (¥

Ground Lavel | Uty
Pole

But ng

Ground
T

Figune 25
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Continuity Measurement

Connect the shorting strips between X and Xv (G1, P1), and Y (P2)
andZ (C2).

Continuity measurement is made with two leads, one from X-Xy, the
other from Y-Z (P2, G2); push the ‘Measure” button to measure,

4610 A A

GROUND RESISTANCE TESTER
MODEL 4610
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Figure 27
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Soil Resistivity Measurements for
Model 4610 Only

Why make soilresistivity measurements?

Sol resitiy measurements have a treefokd purase. Frs, such data
are Used to make subsurface geophysical surveys as an aid i dent:
fying ore locations, depth o bedrock and other geological phenomena.
Second, resistity has a drect impact on the degree of comosion in
Underground pipelines. A dcrease nresistvyrelates o an increase i
corrosive actity and therefore cictates the protective reatmen to be
used. Thir, il resisy direct affcts the design of a grounding
system, and it is to that task that this discussion is directed. When
designing an extensive grounding system, it s achisable o locae the

area of lowest soi resistiviy i order to achieve the most economical
grounding installation

Resistvy measurements are of two types, the two point and the four
point method. The two point method i simplythe esistance measured
Defiegn two ponts. For most applications, the most accurate method i
the four point method, which i used by the AEMC? Istruments Model
4610 Ground Tester. The four point method, as the name mples,
requies the nsertion o four equally spaced, and inln, elecrodes into
the test area. A known curent from a constant curent Qenerator is
passed betieen theutermost elecrodes. The potental drop aunction
ofthe esistance) i then measured across the two inermost electrodes,
The Model 610 is calbrated t read drecly n ohms;

u .

- Digital Ground Resistance Testers Models 3640 & 4610

X electrode ™7 /Xv elect Y electrode™7) Z electrode

el

q a
: 9 Figure 28

Soil Resistivity Measurement Procedure (4-Point)

Given a sizable tract of land in which to determine the optimum sol
resistvty, some intuion is in order. Assuming that the. quectivg s low
tesistvty, preference should be given to an area containing m0|§t loam
as opposed to a cry sandy area. Consideration must also be gven o
the depth at which resistvity s required.

v Disconnect the shorting strp from the X and Xv terminls.

v Amange the electrodes in a straight fine. Be sure that distances
between electrodes are identical: e.g., 3 meters between each elec-
trode. (Consult Figure 28

» The distance between poles i proportional to the average depth of
the soil sample you wish to make,

v The electrodes should be placed at a depih gf approximately
6 inches (0.15 meters), so that the depth is approximately 1/201 of
the distance between electrodes.

Digital Ground Resistance Testers Models 3640 & 4610




f

v Use leads to connectthe X, v, Y, and Z elecrodes fothe respective
terminals on the Digtl Ground Resistance Tester

v Pressthe ‘Measure’ bution,
* Read the resistance level (R) indcated on the display,

*Inthe event of dificuie in performing measurements, consut the
previous nstructions concening ground resitance measurements

* Apply the following formula i order to determine resistiviy (1
r=2nxRxA
A= distance between elecrodes in meters
p = resistiviy in Q meters
R = ohms reading obtained on Mode! 4610

Example 1: For measurement peromed in sol with a high imestone
content, the reading is R = 225 (), with A = 3 meters,

p=2nx25Qx3m
p =430 0m

Example 2: After inspection, the area fo be Investigated has been nar
rowed down . plot o gound approximately 75 square feg! 225me),
Assume that you need o determing the resisti af a depth of 15 foet
(450 om). The distance ‘A" between the elecrodes must then be quiv-
alent to the depth at which average resisty s to be detemined
(18 f, or 460 cm). Using the more smplfied Werner formula
(1= 2 AR),the elctrods depth must then be 1/20th of the elecrode
Specing or 818" (225 em).  the elecrode spacing i (reater than
120t ofthe eectrode spacing, the folowing ormula must b use:

"
1+ = .
N 448 at'+ 48)

% .
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Lay outthe electrodes n a grid ptter (Figure 30 below) and connect
tothe Model 4610 as shown in Figure 29, Proceed as follows;

v Remove the shorting strp between X and Xv
v Connect all four auiiary rods
For example, ifthe reading is R = 15
p (rsistvty) = 20 x R x A
A (distance between electrodes) = 450 cm
p=6.28 %15 x 450 = 42,390 Q-cm

; e

e
GROUND RESISTANCE TESTER

MODEL 410

Figue 29
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How to Use 250 Calibration Checker

The calbration checker is good for both the 3640 and 4610, The cal
 bration checker has a resistance of 2500, The procedure fo use the cal-

ibration checker is s follows:

o Loosen the X, XV (4610 only), Y and Z tetminals.

v Insertthe resistor as shown in Figure 30 or 31,

v Tighten down the terminals X, XV (4610 only, Y and Z
» Push down the Press to Measure bution

+ Compare the reading on the display to the measurement range
provided on the label

Note; For alignment purposes of the st resisor it is best fthe short
ing links are connected between X and XV for the Model 4610 and Y
and Z forthe Models 3640 and 4610,

For example if a measurement was perormed on the Model 4610 the
instrument should read from 24.150210 25,852 and from Figures 30 and
31 below the display reads 25,00 and the measurement is in good
Working condtion,

N = causmnon oo DR socusmnoncreos

¥ N0 0 MO 0
00080 M60-5E0  N50-BK0 W00 NIO-E80  AK0-BF)

GROUND RESISTANCE TESTER GROUND RESISTANCE TESTER
NODEL 40 HODEL 4610

0 =l

Pamto
e

o]
=/
Figue 30 figue 1
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Repair and Calibration

To guaranteg tha your nstument comples wih the faclory spoclled
tions, we recommend tha the Models 3640 & 4610 be submited 1o out

factory senvice center at one-year intervls for recalbration, or
required by other standards,

For intrumentrepai andor calbation, plase call urfactoy, toll-m‘
at (800) S45-AEMC (00-045-2362), |

CHAUVIN ARNOUX, Inc.

db.a. AEMC® Instruments

15 Faraday Drive

Dover, NH 03820 USA

Tel:  (800) 954-2962
(603) 749-6434

Fax.  (603) 742-2346

(Or contact your authorized distibutor,)

Estimates for repairs, nomal recalibration, and calibration traceabll
NI.S.T. are available upon request. Overseas customers must rec
Writen authorization before retuming any instrument,

‘.

Technical and Sales Assistance

Fyou are experiencing any technica problems, or requir any s

tance with the proper use or application of this instrument, pleaso
our technical hotine:

CHAUVIN ARNOUX, Inc,
db.a. AEMC? Instruments
99 Chauncy St
Boston, MA 02111 USA
Tel: (800) 3431391
(617) 4510227
Fax; (617) 423-2952
Wiw.aemc.com
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Limited Warranty

These Ground Resistance Testers Modsls 3640 & 4610 are warrantied
to the owner for a period of 1 year from the date of ariginal purchage
against defects in manufacture. This mited wananty s given by AEMC®
Instruments, not by the distrbutor from whom  was purchased. This

Warranty is void ff the Ground Resistance Testers Models 3640 & 4610

have been tampered with, abused o ifthe defect i related to service
not performed by AEMG® Intruments.

What AEMC ® Instruments Wil Do: If a maffunction occurs within the
1 year period, you may retum the Ground Resistance Testers Models

3640 & 461010 us for repair or replacement free of charge, provided we

have your REGISTRATION CARD on fle. AEMC® Instruments wil, at s
option, repair orreplace the faulty materil.

Note: If a card is not on file, we wil require a dated proof of purchase |

as well as your REGISTRATION CARD accompanied by the defective
material,

What You Must Dos Firstobtain a retum authorization by phone or by fax |
from AEMG? Instruments, then retum the Ground Resistance Testers
Models 3640 & 4610, indicating place and date of purchase, with a wit

ten explanation of the reason for retun. Retum material, postage
pre-paid to: |

? Chauvin Amoux, Inc,

db.a. AEMC? Instruments

Senvice Department

16 Faraday Drive

Dover, NH 03820 USA®

Tel. (800 945-2362
(603) 749-6434

Fax,  (603) 742-2346

- Caution: To protect against in-ranst loss, we recommend that you
Insure your returned material

i For full wamanty coverage, please read the Wananty Card whih is

i  lfed to the Waranty Regisation Card. Please keep the Wanny
} Carg with your records,
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