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INTRODUCTION

This hand-held test instrument is designed to measure the
parameters of an impedance element with high accuracy
and speed. lt can measure capacitance, inductance,
resistance (equivalent series resistance) and dissipation
factor over a wiOe at test frequency of lKHz. And this
LCR meter provides an external zero adjustment for
inductance and capacitance measurement. The measured
values are displayed on a 3/, digit, 0.5" digit height liquid
crystal display with automatic decimal point placement.
Battery condition is continuously monitored and a warning
"LO BAT" is displayed during the last 5% of battery life.
Also a line operation is possible using a 9V AC to DC
adaptor.

IMPORTANT: PLEASE READ THIS MANUAL CAREFULLY TO
MAKE YOURSELF THOROUGHLY FAMILIAR WITH THE
CAPABILITIES AND LIMITATIONS OF THIS INSTRUMENT
BEFORE BEGINNING OPER,ATION.

SPECIFICATIONS

A. General Specification

Power : DC9V battery or line operation
by using a 9V AC to DC adaptor.

Display : 0.5" digital height 3% digits with
"-", "LO BAT" and decimal
annunciators.

Parameter Measured : C-D (Capacitance and Dissipation
Factor)

il.



L-D (lnductance and

Factor)
R (ESR, Equivalent

ance)

C: Parallel equivalent

Dissipation

Series Resist-

circuit mode

Sampling Time

Overrange Warning

Low Battery Warning

Battery Life

Measurement Circuit
Mode

L: Series equivalent circuit mode

@
R: Ratio measurement

Measurement Frequency: lkHz !5%

0.4 second

lndication on disPlaY shows "[i_l"
when input is over the range.

Display will show "LO BAT"
in the last 5% of batterY life.

100 hours (nltatine batterY)

Operating Temperature: OoC - 40oC

Storage Temperature : -20" C - 7A" C

Standard Accessories : Test clips (red & black) 1 pair

Spare Fuse (125mA) 1 Piece
Operation Manual 1 piece

Dimension :'17.2x 8.7 x 3.5 cm (LxWxH)

Weight : 350 grams



B. Meazurement Range and AccuracY

* The accuracy only applies for D (2.

lnductance (Test circuit mode in series)

* The accuracy only applies for D (2.

Resi stanc e

Capacitance (Test circuit mode in parallel)

Range Test Condition Accuracy
(% of reading + digits)

Protecti o n
Circu it

200p F

lkHz 100mV xlo/o + 1

l25mA Fuse

and transis-

tor protec-

tion up to

2s0vDCl
rms

2nF

20nF

200n F

2pF

2OttF
t2o/o + 1

20OrtF lkHz 10mV

Range Test Conditon Accu racy
(o/o of reading + digits)

Protection
Circuit

200pH lkHz 1OmA t2o/o + 1 125mA Fuse

and transis-

tor protec-

tion up to

250VDC/rmr

2mH 1 kHz lmA
t|%+120mH IkHz I00pA

200mH I kHz .lOpA

2H lkHz l ttA t2%+ 1

Range Accuracy (% of reading + digits) Protecti on
Circu it

200 rl

t0.5% + 1

PTC and

tran si sto r

p rote ction

up to 250

VDC/rms

2 k{l
20 ko

200 kQ
2 Ms}

20 MfJ' t1%+1



Dissipation Factor

R-Gn1
L,D =;L ,'' =nA= ,"tcr-\

NOTE: 1' The accuracy given assume an opera^ting temperature

of 18'c to zi"c' humidity up to 80%' and 1 year

calibration cYcle'

2. lf the " D" factor of a oapacitor or a.inductor is greater

than 2, following accuracy is applied'

c" 5% of reading + (2 + 1000/cp) digits

Lt 5% of reading + (3 + 200/Ls) digits

C. Measurement Parameter Conversion

Parameter value for a component measured in parallel

rorit"i."t circuit and that measured in series equivalent

circuit may be different from each other' For example'

,f'. p"r"f f.l capacitanoe of a given component is not

equal to the series capacitance of that colrlponent unless

the dissipation factor of that component is zero' The

.O""ti."t i" the Table A shows the relationship between

parallel and series parameter of a component '

A""**v I% of reading + digits)

200 .

Dt1%+(3*T)

Dc 1% + 1' *{ql
tp

0-19.99

' 
iitter will be observed if CO or

x lypicallY 3 to 5 digits ot

L, is less than 20% of f ull scale



t-

Table A. Dissipation Factor Equations

Circuit Mode Dissipation Factor Conversion to other modes

Cp mode -f,* "=.1,* t=f,1 cs= (1+D,)cp,5'=s. .no

Cs mode
C5 Rs

-"{l--"rF o=2rfcsRs (=f) cp=;D, gr, po=$.n,

Lp mode
./Utr\LP

JL.*"i,
2rfLo 1o= * t=O) L'=*r ln, ns=S 'Rn

Ls mode
Ls Rs,

r-ff'qlt!- Rs
D= 

z "tr, 
(=

1,
o/ Lp= (1+D'?)t-s, nn=$.Rs

* f: Test signal frequency

Example l. A parallel capacitance Cp of 1000pF with a

dissipation factor of 0'5 is equivalent to a series

capacitance (Cs) value of 1250 pF at lkHz.
Cs = (1 + o2) Cp = [1 + (0.5)2 ] tOOOpr'

= 1250pF

Example ll. A series inductance of 1000 tr'rH'which has a

dissipation factor of 0.5 at lkHz has a series

resistance of 3.14 Oi.

Rsu-2;G

' Rs = 2zrf L, x D = 2x3.14x1 000x10-3 x0'5

' = 3.14Q

The dissipation factor of a component always has the

same dissipation factor at a given frequency for both parallel



equivalent and series equivalent circuit.

The reciprocal of dissipation factor (D) is quality factor
(Q) and D is often represented as tand which is the tangent

of the dissipation angle (6).

III. OPERATION

This section of the manual will provide you with infor-
mation on measurement techniques that will help you to
fully utilize the measurement capabilities of this instru-

ment.

A. Physical Features

All of the external features of thisiL-C,R m-elerl are shown

and described in Figure 1.

2.

3.

4.
(

6.

1.

8.

9.
10.

11.

1. Display
D Factor switch
Rotary switch
lnput terminal "+"
lnput terminal "-"
I nput socket

Stand
Battery cover
Power switch

Socket for 9V AC to
DC adaptor.
Zero adiustment
switch for L/C



B. lnput Power

1. Power supplied by 9V battery: Open the battery
cover by pressing the " V " mark on the battery
cover and push it from the case. Full the battery
snap from battery compartment. Connect it to
the battery and return both to battery compartment,
then slide on the battery cover.

2. Power supplied by 9V AC to DC adaptor: Connecr
the plug of the adaptor to the socket on the top
of this instrument" The other side of adapter is

connected to AC power line (AC110V or 22OY
depending on the specifications of converter). When
adaptor is plugged into this instrument, the battery
is automatically disconnected to conserve battery
I ife"

C. Cap4citance C-D Meaurqnrent

1. Set the rotary switch to the desired range ui'C r""-
tion.

2. Set the slide switcl - "LC"
h to the posttton oi 

O

3. lnsert the component to be tested into the test
sockeL(lf the leads of component:are too short to
be inserted into the socket,the test clips can be used

to connect the leads to input terminals).

4. Turn the power on and read the displayed value for
capacitance of the tested component.

5. Set the slide switch to the position of "D". Read the
displayed value for dissipation factor D of that
componenU..



NOTE: 1. To avoid a hazard, discharge the capacitor

to be tested before measurement'

2. lf a voltage is applied to the input terminals,

it may blow the 125mA fuse to protect

the circuits.

D. lnductance L-D Measurement

1. Set the rotary switch to the desired range at L section'

_ "LC"
2. Set the slide switch to the position ot 

Sl

3. lnsert the component to be tested into test socket

(lf the leads oftcomponent are too short to be inserted

into the socket,the test clips can be used to connect

the leads to inPut terminals.)

4. Turn the power on and read the displayed value for

inductance of the tested component'

5. Set the slide switch to the position of "D", read the

displayed value for dissipation factor D of the com-

ponent.

E. Resistance Measurement 
.. ,,

1. Set the rotary switch to the desired range atf,) sec"

tion.

_ "LC"
2. Set the slide switch to the position of 

O

3. lnset the component to be tested into test socket

or connect the test clip to the measuring poinl



4. Turn the power on and read the displayed value for
resistarre.

NOTE: The circuit to be tested must be in power-off
status during the resistance measurement. Any
voltage drop across the circuit to be tested will
cause mistaken reading of resistance measure-

ment.

\4AINTENANCE

{. Replacement of Battery

lf reading of display becomes unstable and dim, battery
must be replaced.

1. Remove the input signal from this instrumenl Set

power swirch of this instrument to OFF.

2. Open the battery compartment by pressing the "9z"
mark on the battery cover and push it from the case.

3. Get the battery out of the compartment and take the
battery snap off the battery terminal carefully.

4. Plug the battery snap onto the replacement battery
and return both to the battery compartrnenl

5. Slide on the battery cover back to case.

B. Replacement of Fuse

ln the event the fuse is blown, follow the procedure

below to replace the fuse.



1 . Remove the input signal.

2. Set power switch of this instrument to OFF.

3. Open the battery compartment by pressing the "9"
mark and push it from the case. V

4. Carefully remove the defective fuse and put in the

replacement.

5. Slide on the battery cover back to case.

NOTE: A spares fuse is enclosed in battery compart-

ment when the instrument is shipped out from

factorY.

10



The manual for the AR-460D is currently being revised. Please use the
sections of the manual below insteird of the indicated portions of the
rnanual. we apologize for any inconvienence this may cause. Please
contact us after April 1 , 1988, and we will be happy to send you the
updated manual.

Page 7, Section lll:

C. Capacitance and "D" Factor Measurements

1. Select ihe appropriate capacitance range vrith the range switch for the
capacitor under test. lf tlre capacitance value is unknown, se!ect the
200pF range.

2. Sel the function switch to the | *C position.

3. Sei the l{'wer Srvitch tC the "Ot't" ;fgsitign.

1. Using a snrell, fiat*blatje r;urer\',rriv€r, cr.iii;'rate tlie; rlisi.ri ay fcr a zero
reacing using the "0 Adj" cr,nirf,i ii tesi ieacjs are to bre used in the
rneasurernOnt, iiave them Ditigge-;'.::,i, bui r-r:lf gsnl-gCted tr: tne Capagitor
tc be iested.

6.

-7

lrrsert the capacitor un,-ler test inro til* co,;rpcir€ot iest socket at thEr front
oi the meter. lf the leads are toc, rihort, u$e tfie test leacjs proiri<leci to
i:onnact to the capacitor. Be sur;+ r:o obserlie the prc,pei"pDlaritir;f the
capacitor is a poiarizecJ typ;e.

fead the capacitance value in r\e cJisplay. lf 1--.- {a one with the
foliowing 3 digits blanked) is shr:''vn irr the rli.sptay, s;et the range switch to
the next higher capacitance range, u:ri;i llie varlue is displayed.

To measure the Dissipation Faci,r,'of the capacitor, set the function
switch to the "D" position, and read tlri,r vatue shown in the display.

NcrE: T'o. avoid possihle clam':g* io the instrument, cischarge all
capacitors before a"ttemrting ic nneasure rheir value or dissipailon
factcr- Ccnnecting a charg{jld c.ljpaci:or or appiy;rig a vnttage ir: tie
input coilnectors rnay caus* 'th,t 12SnrA fuse tc open.



The dissipation factor r r r

an explanationIn tlue Last "Report from tlrc Test
Lab" (April 1957) the aulltor erulu-
ated the American Rel'iance AR-
L60-D LCR meter and asked th.e
question, "Wh,at is a d'issipati,on
factor?" He poi,nted out tltat tlte me-
ter bei.ng tested measures di,ssi,pa-
t'ion factor, but tltis parameter was
not tltorouglr,Ly di,scussed i,n th,e ma-
teri,al prou'ided wi,tLr, the meter.

D. Joseph Fraziler, strategic mar-
kettng mana,ger for American ReL'i-
eirlce, proaides th,e following er-
pLanation.

An ideal capacitor or inductor
would store but not dissipate ener-
gy-energy out would be equal to
energy in. HoWever, in the real
world capacitors and inductors do
have losses.

The first type of loss in a capac-
itor is associated with the dielec-
tric material. The dielectric losses
may be represented by a parallel
model expressed as a perfect, loss-
less capacitor (C") in parallei with a
resistor (R.) that represents the di-
electric resistance. (See Figure 1.)

In this model, the dissipation
factor may be expressed as:

D: I /(F x Co x Ro)
where F represents the frequency
of the applied voltage, and Co and
Ro represent the values of capaci-
tance and resistance measured at
frequency F.

The second type of loss is asso-
ciated with the resistance of the
conductors and plates. The resis-
tance losses may be represented
by the series model, which is
represented as a perfect, lossless
capacitor (C.) in series with a
resistor (R.) that represents the
resistance in the plates and con-
ductors. (See Figure 2.)

In this model, the dissipation
factor mav be expressed as:

D:FxC"xR,
where F again represents the fre-
quency of the applied voltage, and

C, and R. represent the values of
capacitance and resistance meas-
ured at frequency F.

Because the capacitor's dielec-
tric material is not a perfect insu-
lator, a current will flow between
the two plates. This current is re-
ferred to as the leakage curcent
and causes some of the stored en-
ergv to be lost as heat. Also, be-
cause the conductors are not per-
fect, they possess a certain resis-
tance, which also causes heat (IR)
losses during charge and discharge
cvcles. Both these losses consid-
ered together are the capacitor's
d'i,s si.p ati,on factor.

It is important to note here that
excessive leakage currents will
cause errors in capacitance meas-
urements. Therefore, it is good
practice to test a capacitor for ex-
cessive leakage before attempting
a capacitance measurement.

It may be clearly seen in the
dissipation factor formula that the
dissipation factor is inversely
related to the leakage current.

The inductor's energy loss that
we are concerned with is caused by
the resistance inherent in the wire
forming the inductor. This may be
shown as the inductance L, in ser-
ies with the resistance R.. (See
Figure 3.)

However, the resistance of an in-
ductor is rarely specified. Instead,
a quality factor, Q, is commonly
used:

Q = (F x L)/R
where F represents the frequency
of the applied voltage, L is the in-
ductive reactance at frequency F
and R is the resistance. Obviously, Q
is therefore frequency dependent.

During periods of current flow,
the resistance develops heat due to
IR losses. This is the loss defined
by the quality factor, Q.

Q is related to the dissipation
factor by:

D=1/Q
It is easily seen, then, that the

higher the Q (or lower the dissipa-
tion factor) the better an induc-
tor's quality is.

10 Electronic Servicing & Technology October 1987



Fioure 1. One enerqy loss that occurs in capacitors is

"rto.i"t.O 
with th-e dielectric material' The dielectric

L-r-..t rn"y be represented by a parallel model expressed

as a pertect, lossless capacitor (Co) in. parallel with a

r"tiitdt (R^) representing the dielectric resistance Leakage

"rir"ni 
.Jr."'O by the imperfect dielectric material will

cause heat loss and errors in capacitance measurements'
e teakage resistance of 100M4 or more is considered large'

and lMir or less will cause excessive leakage current'

Figure 2. Capacitor energy loss is-also caused by the
ca-pacitor's conductors and plates. These lo.sses may be

represented by a series model, with a perfect, lossless
capacitor (C.) in series with a resistor (Rr) representing this
resistance.

Figure 3. Energy loss in an inductor is primarily caused by

th6 resistance'inherent in the wire forming the inductor'
This loss may be shown as the inductance L. in series with
the resistanie R". s0[r^
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