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WARNING

This Instrument is designed to prevent accidental shock to
the operator when properly used. However, no engineering
design can render safe an instrument which is used careless-
ly. Therefore;this manual must be read carefully and comple-
tely before making any measurement. Failure to follow direc-
tions can result in & serious or fatal accident,
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1. INTRODUCTION

The Madel 310823108 12 a compac), portable instrument designed 1o take
AG/DC curent and voltage meassremants from curmenl-Garrying powsr
lings |ts clamp-on sensor f2sture means that the cquipment does nol
requine shutting down, nor do conductors reguire cutting for the measurs
ment set ugn:

The sensor portion of the clamp censistz of a magnetic. Gircuit devalopad
by HIOK| using high-permeability magnetic materizls and Hall elements.
Sensor circuit inearnity is supenor, and maasuremeant eror indecsd by the
positioning of the conductor within the clamp core s reduced 1o a
FIITIFTLLIT

The pomadility and convenience: of ballery operation makes the instru-
ment idedl for various inspection-maintenance applications in elactrical
systems of facilities engaged in chemical production, sutomaotive produc-
tion and repair, welding, andg railroadalatad ndustnes,

Cuutput terminals are provided on the instrument for syatem expansion,
increasing substantizlly the ranges of application possibilities through the
use of recorders and waveform monitars, 2ic.

2. FEATURES

I Extremcly wide measuremant range capability (10—280A4 range and 100
—2500A rangel. Additienzlly, measursmants are easily made Dy simply
clamping the sensor over current-Garrying conductors-no need 1o interrupt
power 1o equipmeant under tost.

2. Good frequency response charaotenstics mean that AC curent at
frequencies ranging from 20 to H00H? can be measurad with wirtuslly no
EITOF.

3 The uniges construction of the clamp-on sensor minimizes the ettect
of conductor positioning within the clamp core. The meter reading s
acourate within =1 st any conductor position within the jsws ot the
clamp.




4, Thorough stuelding allows the instrumeant to be used in the prosonce of
migh-current conductars with minimum affect on the reading due 1o
magnatic fialds.

2. Degzaussing not reguired. The high permeasbility-low coercivity mag-
netic matanals usad in the construction of the clamp carg means that DG
curenl reachings are minimally affected by core magnetizanan.

. True BMS readings available via an opfional adapter for accurate
measurements of curent waveforms containing the type of distortion
typically produced in thyristor-control circuits

7. Two wersatile output terminales are provided on the instrument Tor
connecting ‘a recorder (AC), or wavetarm monitor (DC]. This convenient
function parmits transients and other phenomena to be monitorsd, or
racordings mada for parmanaent records,

8. AC/DC impreszed componenis may be measured separaiely to el-
iminate erors inherently produced in such cases.

9. D3 current flow polarty may be instantly detaectad, making the instru-
ment g valuable asset in analyzing unknown or complex circuits.

0. & center-zero function permitz DG functions in circuits varying bei-
waen positive (=) and negative | —) values 1o be messured dirsctly with
the flick of & switch,

1. Thargugh overcurrent protection extends to both the clamp sensor and
the imtemnal meter circuitry for operator pesce of mind and instrumant
sxfety.

12, AC plus DT voltane measurement capzabilily makes the instiemeant
valuable as an all-arcund assisiant in power line maintenance and inspac-
Tion programs.

12, Safetyfirst design. All test lead inputs, voltage and culput terminzls
ara designed to minimize the chance of operator contact.

14, Dualpower source method permits the meter o be oparated fram
internal batteries, or oy optional AC adapter,

15, The compact lightweight desion of the instrumeant means hat it can ba
used for field service applications, of wherever MEESUrements ars rogu)-
red.

3. INSTRUMENT NOMENCLATURE

{hodsl 3108 15 shown tor illustration purposss. The range scale and
clamp-on sansor for the Model 309 is slightly different)

BC current ZERQ ADJ
/kneh

A
Dulpet terminals..___ / Be
Current conneclor —— fiviv
recepiacte Moda selector
Voltage terminals — sunlch

Rarge switch

% AC adapter jack

Power switch
BATT check




4, INSTRUMENT SPECIFICATIONS

Model No. 3108 3109

AC/DE Current e 7 100, 250, 500, 1000,

Range AL 25, BE 100, 808 {ZE00) & 0004 max,
P s 10,2550, 250, 500V (Sensitiviy | BKV).
Accuracy Ty EhaE =

23250 | E2Eh FS (1500 — 2000A © = 5% of F5)
Max. Circuit -

Voltags e A
Qutpust W output at full-scale in each range.

Tarminals (DG MONITOR QUT , AC: RECORD GUT)
Clamp-0ON

i s0m s G002
Clamp Jaw .

Giamater F0mm maz, . 48mm max. N
Di?&?::,:;rs 175H x 85W x 40D (mim) | 1B0H x SOW x 4D(m)
‘Weight/Cable

length [Clamg) B009/2m [approx.) Ea0 9a‘2n_u [approx.)

Crest Factor - 2 (or less)
Frequency Flespun-::e_ (AC current) - I Trequancias 20 o 500 He,
withim T1 9% of 50/60 Hz scale sccuracy.
External Magnetic Field Induced Error {400 A/m)
306« Lass than 0.1 A eguivalent.
309 - Less than 0.2 A equivalent.
Conductor Positioning ; Lass than 1% st any position,
Induced Error; within the clamp core.
Temperature Charaoteristics : Less than 1+ 1.5 %, 0--40°C.
Environmental Requirements : —10--50°C, <85% FE_H
RMS Readings: Possible using 3143 RMS Adapter Module.
Power Source : Four size C (3UM-2) batteries (continuous life ! 36
hours), or AC adspter, (DCEV-300mA)
Power Consumption ; 380 mW (approx)
Dimensions/Weight - 115 H = 200 %W x 135 D mm/1.25 ky (approg.)

Accessories Furnished : Clamp-or sensor, 1ea; 9083 carrving Case,
1 ga; 9060 Test Lead-Prohe Set, 1 25, Instruction manual, 1 ea.;
SUM-2 batteries. 4 aa.

Optional Acceszories : CTIO1A Line Splitter; 143 RMS Adsoter Module

5. BASIC OPERATING PRINCIPLE

[he basic principle of the clamp-on cursnt sensor 1= llustrated in Fig, 1-
A ancd B. Tha clampsaw porion consists of a core constructad from high-
permeability magnetic materials and a Hall element zensor. Now, if @ is
considered as the curent flowing through the conductor under tear, and
the opposition prezented to magnetic flux flow in the gap cut through the
core and sensor glemant is repressntaed &5 Foe and Rg respectively, then
magnetic flux flaw (@) acress the gap can big caloulated a5
&= {/(Rg + Rck
Rog : Gap reluctance
R : Core reluctance
ragnetic flux dansity (Bg) can alss be derved using the abova relation-
ship when the sudace ares of the gap (549 is Known. This becomes |
By — /3g - i /(Rc + Rgl Sg
Mow, when a control curent 1215 appliad to the Hall element, voitage
output Va from the element will became ;.
VH =K -lc-Bg — K- lc-i/[Rg + Rcl 50
K Hall glemeant sensitivity constant
Thus. it is evident that if the relucance components within the magnestic
circint ars linear quantities, then the output voltage produced by thae Hall
element will be 0 proportion to the currant flow i the conductor. Con-
saguantly, DG current measuremants may be accurately made simply by
amplifying Hall voltage, and do not require further processing. On the athar
hand. the sinusoidal wave of AC current is passed: through & linear
detactar for modulation prios to activating the meter pointer.
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6. MEASUREMENT PROCEDURE

(Mote thal the power switch must always be ON prior 1o attempting a

measurement.)

6-1. Preparations

-
@
)
L]
1]
o

MODE

Range sxitzh

2| T enf pOWER JACK

st O A0S Fress PUWER dlows req. |
1 indicule TN

Fiz. 2 Battery Beplacament

{11 Zero the meter

IT tha instrument is not perranently leveled 8. bench-mounted
oty the pomter will usually not be on 0 Set it to 07 using a
screwdriver 1o tum the METER O ADJ strow located al the pointer
0t point.

12y Press the POWER switch OR (ON will be indicated by the switch
Qlowing red.) Aleays turm POWER back OFF when tha measurement
i5 complets.
Fressing: the power switch OFF wall sometimes result in the
pointer momentarily deflecting to the stop. Note that thiss
not a malfunction.

{31 Check the conditicn of the hatteries by pressing the BATT check

switch. If the pointer rses to or shove the BATT OK zone, the
ballenes are m good condition.

©It the pointer failzs 1o reach the BATT O zone, the batteies reguijre
replacement. This may be accomplished by using con 0 loosen the
battory cover screw and replacing the baticries inside, obsemnving fhe
correct pole polarty. The instroment uses four size © (SUM2) cells
{Hefer to Fig:-2)

# Ballery chook may also be performad while the measurement is in
progress by pressing the BATT check switch,




(2 Connecl the cables.
Test lead proDes:----- Voltage measuremsants
The waltage lerminals are marksd wilh - and —. Plug the black lead
into the  terminal, and the rad lead into the + tevminal
Clamp-on sensor (PROBE - Current measuraments
Align the guide key on the sensor connector with the cut-oul on the
receptacle and plug it in as tar as it will ga. Soraw the connectar ring
L;le'l to secure it Whan clamping the sensor over e conductor,
makea zure that the arrow on the sensor faces the load.
Clamp-on sensors are nat interchangsabla with other instruments
ieven of the same modell. Thus, always make surs you ane using the
sengor with the sames senal number as the instrument.
Cratput termingls (OUTPUTY
Quiput cables are not provided with the instrument. A standard cable
tarminatad with banana plugs may be usad for this purpoaes. Gonmeacl
the tarmingl to the + inpuban the recoder or other device, and
{ha termingl 1o the [ baliy X W}x‘l

() Posilion the made selecior
switch to DG or 1 DG
(# Set the range switch 1o the

N\

Courrent fiows
directional
inchcators

range nearcst espectad i

cult current, then zem  the

pointer by turning the ZERD

ADJ knaty, (Maks cerfain the

clamp jaws are closed ‘whien Pl
adjusting Zero.

i3 Clamp the sensor over the conductor nating the curent dirsction
marks (arrows) embossed on the front and side pansls of the clamp.
Thesa should be facing with the flow of curment, or toward the load.
(See Fig. 2.

6-3. AC Current Measurement

{11 Place the mode selector swilch in the AC position

#  Set the rangs swilch @ the range nearesl expectad circuit Curent.
[ZERD ADJ s nor rooguired nere)

(3 Clamp the sensor aver the concuctor, (The dirotion of currenl flow s
inconsaguantizl for AC)

6-4. DC Voltage Measurement

(1) Position the mode selector switch 1o DT or LDG.
2y Set the rangs switch to the range nearest sxpecled circuit voltzps
[ZERD AL is not required here)

6-5. AC Voltage Measurement

With the exccption of satting the ange seleclor switch to AT, measure-
ment procedures follow those Sed for DG voltage

6-6. Qutput Terminal Connection and Application procedure

The cutput veltsge poduced through these terminals is 1 relative to
full-scale meter reading. When the instrument 15 10 the < 0C moide, tha
cuiput through the + terminal will be +1/FS, and that throgugh the —
teminal - W/ FS. The output termingls function n lhe RECORD. OUT
made for A mode settings, and in the MONITOR OUT mods for both DG
and + [ made settings.

Mgde r W . Chrlput Fraquency
fnstrumenty | OWPHEMOSEeigna) Voitage  Range

Hite 1 AC DLV | &
A RECORDOUT oo | wes 20~ 500Hz

[ Sasti 3 . -‘:\C n‘"-':- =_|"M']_ it
Do MONTOR OUT | pe oot | Do 200Hz

T TRE e
+0C Same | o e FEEr R DC=-800Hz
oo oCive |

MNote 1: In BECORD QUT, an AC input is converted 1o DC output, (See Fig.

21




Mote 2:0n MOMNITOR OUT. both AC and DC mput are outpo! a8 a direct
weavafonm (Ses Fig b
Mole 3 When AC and DG signals are impressed, output includes only the
O wioltage portion ot the A signal companesnls
A5 input D ol pat
Inztrument C"ﬂ':'tn
13108 —3109)
Fig. 4 RECORE QUT Mode Cperations

AL outpul

i act wavelormi
A ot idirsch v

> \f/r-/ Imput Tinstrument DUtDUtI}

(FHIE— 3100}
Fig. S MOMITOR QUT hMods Opsralions

®WWhen the instrument is in the G or —DC mode and an AC nput 13
gpphed to the ourput iermnals (IMONITORE QUT), the measurament value
cannat be read srom the meled
Responss rats (bme constant : fApprox 160ms (BECOHRD OUT)
Load impedance - Groater than 00-ohms
Output current ;s Approx, ma. (max)

(1) Recording DC current
With the instrument setup for DO current measuremants (B-2) VDG will
be produced through the oulpul terminals for uss In driving 8 recorder or
wiavefarm ronitor i

(2] Recording AC current
WWith the instriment setup for AC curent megsuremenlts (6-3), WDC will
ne produced through the output teiminals for wse i driving 2 TECOTE
Whan manitoring A current wavetorms (s desired, place lhe mode
cplactor switch o DO and manitar thie wavetorm drecthy. Quput laevel
for AT iz V. (Use an electramagnetic osillograph or high-specd  ra-
corder)
# Ay sasting offset vanations within the circuit will Doocur A5 imaress-

el DG components. This nocessitates performing ZERC ADJ prior to
the measuremant az was done tor DO cumrenl measurements.

L1

Offsat vanation componeant

‘__f- -\._ _,rﬁx_ "__,--u__\
! B! ") A

5 ".__‘ .__.' 7 ".__‘ F "-._l‘ l,r.r
x\_ Moo b
AG curent waveform  Qutpul wavetorm Qurput wavetorm after
LERCY Al

{3) Becording AC/DC wvoltage (Hacording wohags is hazardous  and
should be avoided if nol absolutely reguirea.)
Theinatrument setun forrecarding voltage s the sams &8s for measuring
viitage, (Refer to 8-t for DG and &5 for AC proceduras, and position the
morte salecton switch to DO for activating MOMNITOR OUT.) ZERD ADJ
iz not required for recording AC DO voltags phenomens,

=Mote that when recorging voliaoe complate ciecuit isalation belween
lhe input side voltage terminssl and outout zide (output Terminals)
does not exisl. Conseguantly, if the circult under test s flosting, or
when measuring AC, the hot side is inadvartantly connected to the—
voliage terminal, it is possible for veltage at the output terminats 0
reach valuas approaching the messurement voltage. At higher ranoes
e, 250, SQOV) this presents A sernous shock nazard and could
destroy the equipment in the sefup.

=00 not spply an external voltzge to the output terminals under any
circumstances,

6-7. Using the AC adapter

Whan an AC 100V pawer supply s svailable, use of the AG adapter iDC
BY-300mA] s recammended. Plug the AC adapter into the wall
sooxet, then plug the output cable into POWER JACK on the instrumant,

6-8. 9143 RMS Adapter Module

The most common method of speciving AC voltzge and current is by s
root-mean-sguare (AMS) value. Howsver, most measuring instruments
fincluding clamp-on current meterst are restricted to indicating BMS ot
average-valus rectified current, and this results in serious errors when

— 11




measurements are made on waveforms of SCRE outputs, invertors, or other
wavetorms distoried to non-sinusoidal shape, IF Gocuracy s & reguiremesnt
in guarttifyving such phanomena, 2 circuil hal perfarms the computalions
needed o produce true BMS (TRMS) readings must be built into the
Instrument.

Tha RMS Adapter Module 15 a unigque fealure of the Z108/ 3108 i that it
mey be installed as required. This module coentaing a monalithic 10
capable of pedorming log/antilog computations in converting  the
measurement to TRMS. It additionally featwres ideal BN junction rise
characteristics, and the temperature stability neaded for sccurste conver-
sion operations.

Example - Figure & shows the magnitude of error resulting when curent
s measured in a thynsior (SCR) circuit at different phase control ifiring)

angles.
Output Ralio Measurement Errar in Thyristor Circuits
1.0 = .
Tp | - 1
180 360
0.8 il \/
SHMES value ~4 -
0.6 -
Avarage valug —Peak valus
0.4
0.2
. - Phaze-Contral
Q 30° 60"~ 90" 1200 150" 180 (firing) Angle
Ausrans value o ‘f_'j_: Ip-sin wt ol
A ] d
Fig. . RMS value 5/ L [ (g - sin an i i
- T

Peak value | Ip

~ il —

The above figure clearly illustrates that the difference betwecn RMS valuc
and average valug s & function of tiring angle @ (Mote that whan finng
angle iz delayed 90, the differencs (hence, errar belwaen the avarage-
responding and TRNSwesponding metor is approximartely 230%.)
Instrument spacifications using the AMS Adapter Module

Responss rate (hme conslant); Aporge, 270ms (RECORD OUT)

JLoad impedance - Greater than D0-ohms

Cutput currsnt ;o Appros 10ma (Max)

Crest factor
The dynamic ranga of the meter Crouitry 15 expressed 35 its orest factor
derved from the following equation.

Peak value
Effective valua (RMS)

Thus when measuring pnenamena with a hign peak valus and relatively

Crest factor

small sffective value (RMS) (e.g., thyristor outputs). selecting the propar

range for BMS will likely result the the psak value ot the wavetorm

axceading the dynamic range of the mater circuil Measurament acouracy
will thus be affected. because the porion of the waveform that excasdead
the dvnamic range will be lost @5 & CL‘-I‘I‘IDL-ItE;'.iEI."l factor.

Crest factor for the 3108, 310% 15 3 (or lass) meaning that any wavetform

whosae pear value exceeds its BMVS by a Tactor of 3 will be propsriy

computaa,

Example . Thea measurement of thyristor-control current is an area where
crest factors are of corcern, Hare, crast factors are controlled
oy the firing angle s anc delayvs of up o approsmately 1307 can
be handled without excseding circuit dynamics. | the firing
angle delay sxceads this valus, swilch to the next higher
range.




7. NOTES AND PRECAUTIONS

7-1. Measurements in the Presence of Magnetic Fields

When using the instrument i low ranges tor DG cument meazurement,
sxcassivaly high inpuis applied o the sensor core. or spproaching a
strong magnatic force field will cause the core 10 bacome wiakly mEg-
netized, resulting in & shght shift of meter zero. This can normally ba
compansated for by pedorming ZERO ADJ prior to the measurement, and
eror should b2 insignificant.

Mots giso that ZERG ADJS should always ba perdormad with the clamp jaws
closed. If magrnaization s present, pointar position will be differen for tha
open and closed position

hMaasurements other than for DC curent are unalfected by cors mag-
netization (Refar to Fig 7

o Perform ZERD ADJ with clamp jaws clogsd
|

Fig. 7. ZERD ADJ procedure

7-2. Measuring AC/DC Impressed Componenis

The: 308,304 is designed 1o separate A and DO componsnts 5o that the
unwantad comporent has ne affect on the desired mode of measuremant,
and in most cases this is effective, Mote however, that whien the unwanted

companents are severzl imes graster in magnitude than the measuremeant
mode componants (g, g, when sttempting to measure 00 current and the
impressec AL component is several omes grealer, o vice verss), the
operaling level of the meter cirouitry is likely 1o be exceaded, resulting in
an erongous reading. Whan this s the case, the affact of the unwanted
companant can be elminated by switching the range selector 1o the next
higher range. iFor exampie, if you are now in the 1004 range, switch to tha
28048 range |
- — AL component

Circuit ocperating ra —— .
perating range 71— [0 componsnt

."'m. "?&' "}?;" J A — =
.\“u..l ) s I 1
- e i ] 1 3 T
) ] | -—
=——==- 1

AC current (or voltzge) measure- DC current [or voltags) measure-
ment with 3 large 0C impressad ment with 3 large AC impressad
companant component

7-3. Care of the Clamp-on Sensor

The clamp-on sensor consists of & corg enclosed in a prolective housing

mads of hioh-strenagth, heatsesistant plastic with cone cnds ground o &

precision finish. Do not scratch or othenwise damage the ends of the cors

Ao, wips off @any duest or dirt gaccumoiation an the ends of the coras with

A soft clolh. Bust shauld not be a peeblam under noemal uszge condiicns,

howevar, any rust that dogs accumulate nere can be removed by gently

sanding with an extremely fing grade of sandpaper

T-4. Miscellanous (Motes and Precautions)

(10 Always maks canain the rangs setting of the instrument 15 compatible
with the circuit under test. DO NOT OVERLCAD THE METER CIRC-
T

2y Asceman that the maxiunr Sircuit voltage or curent does nod
excesd the rating of the mstrumant pnor 1o setbng the metar up:

L5




(3

(4]

tel]

&)

8.

Ohserve standard safely precaubons while working with alectrcal
eauipment o svoid efectrical shock 1o yourselt and shod-circuiting
the instrumant. (Note that this precaution is parbicularly applicebls
whign wirking with the outpul terminals,)

Do nal wse thes instrument for high-voltags work, and where possible,
avoid working around Bare wirss cven in low-voltage circuits.

Avaid working around trangformers or any other lags curent-carrving
power ines, The magnetic feld radiated by these solrces advergaly
affects measuremsnt Gocuracy,

Do not subject the instrument or clamp-on sensors to mechanicsl
shick or vibrations.

MAINTENANCE

Co not storg thi instrument in a location whers lemperature or humidity is

excesaively high or whare condensation i likely 1o ocour. Also, avoid

arsas of direct sunlicht o where guick temperature changas cowld result
i thermal shock. When the insteumant s not going to be used over a long
period af lme stors it with the batterics removed, and with A light coating
of oil applierd o the sensor core ends to prevent rust.
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