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ABOUT THE TECHNOLOGY ASSESSMENT PROGRAM

The Technology Assessment Program i1s sponsored by the Office of Development,
Testing, and Dissemination of the National Institute of Justice (NIJ), U.S.
Department of Justice. The program responds to the mandate of the Justice System
Improvement Act of 1979, which created NIJ and directed it to encourage research and
development to improve the criminal justice system and to disseminate the results to
Federal. State, and local agencies.,

The Technology Assessment Program is an applied research effort that determines
the technological needs of 3justice system agencies, sets minimum performance
standards for specific devices, tests commercially available equipment against those
standards, and disseminates the standards and the test results to criminal Justice
agencies nationwide and internationally.

The program operates thiough:

The Technology Assessment Program Advisory Council (TAPAC) consisting of
rationally recognized criminal justice practitioners from Federal, State, and local
agencies, which assesses technological needs and sets priorities for research
programs and items to be evaluated and tested.

The Law Enforcement Standards Laboratory (LESL) at the National Bureau of
Standards, which develops voluntary National performance #standards for compli&nce
testing to ensure that individual items of equipment are suitable for use by
criminal justice agencies. The standards are based upon laboratory testing and
evaluation of representative samples of each item of equipment to determine the key
attributes, develop test methods, and establish minimum performance requirements for
each essential attribute. In addition to the highly technical standards, LESL also
produces user guides that explain in nontechnical terms the capabilitles of
available equipment.

The Technology Assessment Program Performance Test Center (PTC) operated by the
International Association of Chiefs of Police (IACP), which supervises a national
compliance testing program conducted by independent agencies. The standards
developed by LESL serve as performance bench marks against which commercial
equipment is measured. The facilities, personnel, and testing capabilities of the
independent laboratories are evaluated by LESL prior to testing each item of
equipment, and LESL helps the Center staff review and anciyze data. Test results
are published in Consumer Product Reports designed to help justice system
procurement officials make informed purchasing decisions.

All publications issued by the National Institute of Justice, including those of
the Technology Assessment Program, are available from the National Criminal Justice
Reference Service (NCJRS), which serves as a central information and reference
source for the Nation's criminal justice community. For further information, or to
register with NCJRS, write to the National Institute of Justice, National Criminal
Justice Reference Service, Washington, DC 20531.

James K. Stewart, Director
National Institute of Justice
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EXECUTIVE SUMMARY

The law enforcement community relies heavily on its mobile communications
equipment, especially personal FM transceivers, to efficiently execute many of its
necessary functions. The proper operation of these transceivers in field use
depends, to a great extent, on the batteries that provide the power for this

equipment.

The testing program to evaluate batteries for personal transceivers described in
this report was conducted by the Performance Test Center (PTC)e of the International
Association of Chiefs of Police (IACP) under a grant from the National Institute of
Justice (NIJ). The PTC program is an applied research effort operated under the
auspices of the NIJ Office of Development, Testing and Dissemination. It is part of
the Technology Assessment Program involving NIJ, IACP, and the Law Enforcement
Standards Laboratory (LESL) of +the National Bureau of Standards (NBs), that is
described on the back of the title sheet of this report. The program is a broadly-
based mutual effort in which the PTC supervises independent testing of police
equipment using standards that have been developed by LESL and issued by NIJ.

The battery testing accomplished during this effort was conducted in accordance
with the +test methods of NILECI-STD-0211.00, Batteries for Personal/Portable
Transceivers (June 1975), to determine compliance with the minimum performance
requirements of that standard. While this standard covers all types of batteries
suitable for use in transceivers, only secondary, or rechargeable, nickel-cadmium

(diCad) batteries were included in the test program.

The evaluation of the batteries was conducted by two independent testing
laboratories selected in open competition after announcement of the program in the
Commerce Business Daily. Final selection of the testing laboratories was based on
an objective scoring of their competence to perform the required tests and on-site
inspection of facilities, personnel, and test procedures by members of the
Laboratory Accreditation Program of the NBS Office of Product Standards Policy,

LESL, and IACP.

A total of 64 different NiCad battery models was tested during this program
using a test lot of three batteries with one model being tested twice. The
batteries were manufactured by 13 different companies including both transceiver
manufacturers and independent companies that supply such batteries. The batteries
selected for testing were specifically designed £for use with transceivers that
represent the basic models produced by six different manufacturers, all but one of
which was tested by IACP for compliance with the NIJ standard for personal FM
transceivers in 198l. A list of the batteries tested and the transceivers they are

used with is given in Table 1 later in this report.

The NIJ standard £or batteries requires that batteries must provide a minimum
service life of 8 hours (h), or one shift, when discharged at ambient temperatures
during continuous operation with a 10-10-80 (transmit-receive-standby) duty cycle.
It should be noted that many manufacturers feel that this duty cycle is more
demanding than the duty cycle that their products are designed to provide.
Conversely, it should also be noted that some police departments feel that the 10-
10-80 duty cycle is not stringent enough, particularly as to the amount of time
(10%) allocated to receiving messages. Service 1life is also evaluated at low
(~22 °F) and high temperatures (140 °F). In addition, the standard deviation of each
set of service life measurements is used to calculate a performance factor that must
be met. Each battery is also subjected to a test to evaluate the integrity of

internal connections.

Overall, 12 of the 65 battery lots that were tested were in full compliance with
the requirements of the standard for all minimum operating parameters. None of the
battery lots was in full compliance with the labeling requirements: however, 10
models were found to satisfy the intent of the standard. Many manufacturers offer

— -

1Formerly the Technology Assessment Program Information Center
replaced the Equipment Technology Center.
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options to their basic transceiver models that require additional power.

gquired by the standard, additional tests of service life under increased power
drain conditions were conducted for information purposes. These transceiver/battery

combinations may not be recommended by the manufacturer of the batteries. Detailed
test results are provided in the body of this report.

While not

A number of the manufacturers of the
expressed concern that the
representative of

battery models that were tested have
test results presented in this report are not
current production units for a variety of reasons. The
manufacture;s have stated that since the time that the batteries were purchased they
have ‘redeSLgneq the battery, made changes in production methods, changed component
suppliers, or discontinued the production of certain battery mcdels. The pertinent
manufacturer comments are summarized in the final section of this report.

The reader is urged to review all test results presented in this report in
detail prior to selecting batteries for use in his or her department's personal

tran§c§ivers. It may be that certain environmental conditions under which a
specific battery model demonstrated poor or marginal performance do not apply
because of .a department's geographical area of use. Similarly, size and weight

constraints or a less demanding duty cycle may influence the selection of the rated
capacity of the batteries. Further, it

S the Les 3 is recommended that, in all cases, the
epart@ent sollc%t competitive bids from two or more suppliers before purchasing
2§§ter1es, for it is a proven fact that competitive bidding results in reduced unit

. It should be' noted that PTC plans to issue supplemental data sheets to update
this report each time that manufacturers have new or improved battery models tested
to the performance standard by the IACP certified testing laboratories. For this
reason, the reader should request all current supplemental data sheets from PTC

prior to issuing requests for bids for the procurement of batteries for
transceivers.

INTRODUCTION

This report is part of the IACP Performance Test Center's (PTC) ongoing effort
to provide information on commonly-used law enforcement products based upon
objective tests conducted in accordance with standards developed by the National
Bureau of Standards (NBS) Law Enforcement Standards Laboratory (LESIL), which are
issued by the National Institute of Justice (NIJ) as voluntary national standards.
Some of the products already tested include body armor, crash helmets, color test
reagent kits, and personal transceivers. This report analyzes the results of a
series of tests of batteries used with personal transceivers. Law enforcement and
other public safety and emergency service groups will find these results revealing

and of significant value when selecting batteries suitable for their specific
requirements.

The testing program was undertaken in response to the recommendation of the
Technology Assessment Program Advisory Council {(TAPAC) that transceiver batteries be
evaluated. The TAPAC Communications Committee, which advises IACP, LESL, and NIJ on
police communication systems, found problems with transceiver batteries to be
major concern among almost all police departments.
purchase thousands of batteries a vyear,

a
The larger police departments
and medium~size departments purchase

hundreds every year, It is not uncommon for the police to receive defective
batteries directly from suppliers, and many perform at levels less than expected in
the field.

Although primary (nonrechargeable) batteries are available for use in personal
transceivers, secondary (rechargeable) batteries are often preferred for such use
because of their higher capacity, constant discharge characteristics and
rechargeable feature. The latter attribute allows these batteries to provide more
energy over a longer period of time than is ordinarily available from primary
batteries. For more information on the various types of batteries, refer to LESP-
RPT-0201.00, Batteries Used With Law Enforcement Communications Equipment:
Comparison and Performance Characteristics (May 1972).2 The TAPAC recommended that

the scope of the battery testing program be limited to nickel~cadmium (NiCad)
batteries.

In 1980, the Technology Assessment Program Information Center (now PTC), in
conjunction with the TAPAC Communication Committee, conducted a survey of persocnal
transceivers used by police departments throughout the United States in advance of
initiating a program to test such equipment. Eight manufacturers were found to
dominate the personal transceiver market. Twenty-six models of personal
transceivers offered by the eight manufacturers were selected as representative of
the spectrum of equipment used by various departments. The transceivers tested in
the previous program were used as the basis for selecting the NiCad batteries to be
tested in the present effort. Both transceiver manufacturers and independent
battery manufacturers that compete in the replacement battery market produce
batterier for use in these transceivers. A total of 64 different battery models
were selected for test from the manufacturer product lines. These battery models
are designed for use in 10 basic manufacturer series of transceivers, including 22
of the 26 transceiver models that were previously tested.3 The manufacturers offer
numerous transceiver models within a basic series, depending upon the frequency band
of operation, the number of channels, and other options; consequently, the 64
battery models tested in this program are suitable for use in well over 100
different transceiver models. A sample of three of each of 63 battery models and
six (two three-battery samples) of the 64th model, a total of 195 batteries, was
purchased for use in the testing effort described in this report.

‘available from the Law Enforcement Standards Laboratory, National Bureau of
Standards, Gaithersburg, MD 20899.

‘Police Personal FM Transceivers Report, September 1981, International Association
of Chiefs of Police.
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Table 1 lists the 10 basic manufacturers' personal transceiver series discussed
above, the nominal battery characteristics specified for these transceivers, and
identifies which of the 64 battery models tested are intended for use with each
series. The recharge rate for each battery model (rapid or slow) is also listed on
the table. The battery models that individual battery manufacturers provide for a
given transceiver do not necessarily provide a rated capacity identical to the

nominal capacity stated by the manufacturer. For example, two of the four battery

models presently offered ~for use with the first group of General Electric Personal transceiver Batter

transceiver series (nominal rating of 500 mAh) have a manufacturer-rated capacity of y

500 mAh, and two are rated at 540 mAh. The battery manufacturer specifications are Nominal battery

presented later in this report. Attention is directed to the column labeled, "Test characteristics

lot code." Each battery model was assigned an identifying code based on the ManuEact Test

particular personal transceiver series with which it was intended to be used. In an?ngegfer Vb%s?ge Cap;gity Lot Charge

order to minimize the space required for the tabulation of test results, all datg (mAh) code Manufacturer Model number rata

presented in the body of this report will identify the batteries that were teste General Electri i ,

only by the test lot code. Thus, if your department uses General Electric "PE" or (All PE and MVPc giA gigigiéeglECtrlc igggéiszzc—l 2

“MVP" portable transceivers (the first entry in Table 1) you will be most interested models) 7.5 500 GlC Centurion PE5221* s

in data for batteries manufactured by General Electric, Alexander, Centurion, Energy GlL Multiplier M522G1 s

Concepts and Multiplier; test lot codes Gl and G2; GlA and G2A; GlC and G2C; G2E;

GlL and G2L, respectively, as appropriate for the output power of the specific G2 General Electric 190413522G~4 R

model. Table 1 also identifies those battery models that the manufacturers have 7.8 G2A Alexander R2558* R

identified ,as discontinued or otherwise changed. : 700 ggc Centurion PE5224* R
E Energy Concepts EC3522% R

The batteries evaluated in the present effort were tested in accordance/with the G2L Multipliex M522G4 R
test methods presented in NILECJ-STD-0211.00, Batteries for Personal/Portable General Electric 7.5 75 -
Transceivers (June 1975),% to determine compliance with the mimimum performance (MPX) 0 63 General Electric 19D429763G-1 R
requirements of that standard. The testing was accomplished by two independent 7.5 1200 G4 General Electric 19D429777G-1 R
testing laboratories. 7

harmon (formorly 10 540 H1 Harmon BA-16 R

Attention is called to the fact that the service life requirements of the above IEC LE-100)
standard do not necessarily agree with the manner in which the manufacturers of the 10 540 ggA girmond BA-l} s
battery models that were tested during this program rate their products. The H2C Ceﬁiigigr ?608 * S
battery industry sometimes uses a duty cycle (proportion of transmit, receive, and n coloo 5
standby operation) that is less demanding than that required by the standard. Motorola (HT-220) M1 Motorola NLN6761A s
Further, a number of manufacturers have indicated that their products have changed MlcC Centurion HT6761%* s
since the individual batteries were purchased and the publication of this report and M1D Telecommuni- TD220% S
have stated that they believe that the test results may not necessarily be 15 cation Devices
representative of their current products. In most cases, however, changes to 450 M1E Energy Concepts EC6761% s
product lines occurred since January of 1983. The last section of this report ﬁig gagig 1i neael s
summarizes the pertinent comments of the responding manufacturers concerning the MLP PEWerpciﬁﬁp Intl gg;gi* S
data that are presented. M7 Motorola ‘| NLN6761A g

When selecting batteries for use in portable transceivers, law enforcement Motorola (MT-500) M2 Motorola NLN4463B* R
planners must weigh the value of each of a variety of factors. Some of these M2A Alexander H4463A R
factors are cost, types of transceivers in use, provisions for extra batteries, M2C Centurion MT4463* R
operational need for rapid or slow charge capability, useful life (also referred to 15 450 M2D Telecommuni- TDS0QFC* R
as service life), the performance of batteries in temperature extremes, and the M2E cation Devices
quality of internal construction. Batteries that meet the performance criteria M2L ﬁgiigylgozcepts e X
speiified in the NILECJ standard can generally be considered to be of superior M2P PowerpGrgup Intl gﬁggg* g
quality. . *

Motgrola (MX-300 7.5 800 M3 Motorola *

The sections of this report that follow discuss the selection of the independent Series) ° NLNgB40A R
testing laboratories that performed the evaluation, the technical aspects of the M4 Motorola NLN8834B D
NILECJS standard for batteries, the detailed test results obtained during the pro- 7.5 800 M4A Alexander HB8834* D
gram, and manufacturer comments on the test program and test results. M4cC Cepturion MX8834* D

M4E Energy Concepts EC8834* D
7.5 1250 M5 Motorola NLN8841* R
M6 Motorola NLN8835B* D
7.5 1250 M6A Alexander H5860 D
M6C Centurion MX8835* D
M6E Enexrgy Concepts EC8835% D
“available from the Law Enforcement Standards Laboratory, National Bureau of 5
Standards, Gaithersburg, MD 20899. .

Table 1.

Transceiver/battery combinations.
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Table 1. Transceiver/battery combinations. (Continued)
Personal transceiver Battery
Nominal battery
characteristics
Test
Manufacturer Voltage Capacity lot Charge

{model) (v) (mAh) code Manufacturer Model number rate
Repco (All Rl Repco 817-066-01 R
RPX models) 12.5 450 R1A Alexander R817S R
R1C Centurion RPOG6L* R
R2 Repco 817-005-01 S
12.5 450 i R2A Alexander R817 S
R2C Centurion RPQOOS5L1* S
12.5 650 R3 Repco 817-024-01 R
R4 Repco 817-125-01 S
12.5 650 3 R4A Alexander R817L S
R4C Centurion RP1251% [
Repco (TEK 1.0) 15 500 R5 Repco 810-266~01 R
R6 Repco 810-156~01 S
R6A Alexander H156% S
15 500 R6C Centurion RP1561% S
R6J Jabro JB156R S
R6L Multipliex M156-1 s
Standard (C731 L 12.5 450 { Sl Standard SC-UBP-4 R
or C831 1) € S1a Alexander BP4 R
12.5 450 { 52 Standaxd SC-UBP-7 s
5 s2a Alexander BP7 S
Wilson (MiniCom Wl Wilson 8214 R
HH-250-C4 or W1A Alexander BP4W R
HH~400~C) 11 500 wlc Centurion BP0004* R
Wlg Jabro J/BP4 R
W1P Power Group Intl. BP4/1281* R

R - Rapid charge rate (less than 8 h).
S - Slow charge rate (8 h or greater).
D - Dual charge rate (rapid and slow).
*Manufacturer states that this battery model has been discontinued or is not representative
of current production (see details in last section of this report).

TESTING LABORATORIES

Extensive inquiries were made by the IACP to identify laboratories with the
expertise needed to perform the battery tests called for in NILECJ-STD-0211.00. The
testing program was announced to interested laboratories by publication of a notice
in the Commerce Business Daily, and this was followed by mailing a Request for
Proposal (RFP) to nearly 70 laboratories nationwide. The RFP contained:

o A description of the laboratory work required to perform the compliance tests.

© A questionnaire aesigned to determine the competence of the laboratories to
conduct these tests.

In order to eliminate any possible conflicts of interest, laboratories
affiliated with manufacturers of batteries were disqualified from consideration as
testing laboratories for this program.

Evaluation and approval of the testing laboratories was performed by PTC and
LESL with the assistance of another NBS organization, the Laboratory Accreditation
Program of the Office of Product Standards Policy (OPSP). This NBS Office has the
responsibility of assessing the competence of testing laboratories to conduct tests
to specific standards.

Final selection of the laboratories was based on:

0 An objective scoring of the information furnished by the laboratories in their
replies to the questionnaire.

o0 On-site inspections of the top candidate laboratories by IACP, LESL, and members
of the OPSP Laboratory Accreditation Program.

Both laboratories selected for this effort employed electrical engineers to
conduct and monitor the testing. Also, each laboratory had previously designed a
suitable configuration of test equipment which complied with the requirements of the
standard. All test equipment used was calibrated using standards traceable to the
National Bureau of Standards.

Contracts to conduct the tests were awarded to:
o United States Tasting Company, Inc., Hoboken, New Jersey.
o Columbia Research Corporation, Arlington, Virginia.
These laboratories are approved IACP test laboratories for the evaluation of
transceiver batteries to determine compliance with the requirements of NILECJ~STD-
0211.00. In the future, the IACP will accept certified test results from these

laboratories, conducted for battery manufacturers, for use in the preparation and
issuance of supplemental data sheets to this report.
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THE STANDARD

NILECJ-STD-0211.00, hereafter referred to as the Standard, established minimum
performance requirements £or transceiver batteries and methods o] evaluate
compliance with those requirements. The law enforcement community regquires highly
reliable equipment to perform its functions. The Standard is designed to assist law
enforcement personnel in identifying batteries of high quality. While the Standard
addresses more than one type of battery, only those portions of the Standard that
concern NiCad battaries are discussed in this report.

Background

The ability of an officer to communicate with other officers in the field and
the central dispatcher at all times is critical. Consequently, transceiver
batteries are designed to facilitate ease of replacement, even in the field. Often,
the transceiver battery is a self-contained unit that can be easily and quickly

removed and replaced by another battery which is often snapped or twisted into
position.

NiCad batteries used with personal transceivers consist of a number of
individual cells that are interconnected in series to provide the proper voltage.
During manufacture, the individual cells are connected, then two connections are
made to the external power outlet terminals, and the assembly is then encased in a
protective shell, often encapsulated in a molded plastic configuration. A typical
NiCad battery also contains separate contacts that are utilized to charge it, so the
transceiver can be inserted into a battery charger with the battery attached. The
battery may also contain an integral electrical circuit to control the rate at which
it will accept a charge.

Since NiCad transceiver batteries have numerous internal electrical connections,
the guality of construction is very important. If any of these internal connections

fail, the battery could cease to function, provide reduced voltage or reduced
overall capacity.

All NiCad batteries for use with transceivers can be recharged using a slow
charge rate that typically requires 14 to 16 h to recharge; rapid charge batteries
that can be recharged in as little as 1 h are also available. In addition, many
batteries are designed to permit charging with several different rates. The choice
of ©NiCad battery charging characteristics determines, to a large extent, the need
for an inventory of spare batteries and the operational procedures that are employed

to fensure that individual batteries are fully charged at the beginning of each
shift.

In order to test NiCad batteries according to the Standard it is essential to
know: a)'the number of individuval cells and nominal operating voltage; b) the rated
capacity in milliampere hours (mAh); and (c) the designed rate of recharge.

Service Life

Early in the effort to develop the standard for transceiver batteries,
considerable attention was directed toward identifying the manner in  which
transceivers were used in the field. Obviously, a transceiver is not used to
transmit messages continuously during an entire shift, during which time there is a
maximum current drain, and it is not reasonable to expect the battery capacity to
permit such use. Based upon a field usage investigation, a duty cycle of 10 percent,
transmit-10 percent, receive-80 percent standby was selected as more representative
of the way personal transceivers are used than any of the other duty cycles proposed
and considered by manufactursrs and users. For example, manufacturers often use a
5-5-90 transmit-receive-standby duty cycle to show that their batteries provide
sufficient power to operate a personal transceiver for an 8-h shift. Many of the
law enforcement agencies that were contacted in the field study objected to this,
claiming that these batteries, with +their lower-rated capacity, would cease to
operate during a typical 8-h shift. Consequently, a 10-10-80 duty cycle was
selected as the standard operational requirement for transceiver batteries. LESL
has conducted several more recent studies involving communication systems, all of

which support the 10-10-80 duty cycle as representative of personal/portable
transceiver operational usage.

Preceding page blank ?
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The service 1life of a transceiver battery is measured as described in section
5.4 of the Standard. 1In order to conduct this measurement, a fully-charged battery
is connected to a circuit that contains three different-valued load resistors, each
of which will draw a current from the battery equivalent to that required by the
transceiver for operation in one of the three modes; transmit, receive, or standby.
The output of the battery is switched from one resistor to another continuously such
that during each minute the battery is operated at the standby current drain for
48 s, the receive current drain for 6 s, and the transmit current drain for 6 s. The
time required for the battery voltage to decrease to 1 V per cell is recorded as the

service life of the battery.

The service 1life of the battery is measured at ambient temperature (68 to
86 °F) low temperature (-22 + 3.6 °F), and at high temperature (140 + 3.6 °F).

The Standard requires that more than one battery from each lot be tested for
service life at each test temperature. For a lot size (single production run or
purchase quantity from a production run) of 300 or less, a total of three test
specimens selected at random is necessary. Such was the case for this test program.
Larger lot sizes require more test specimens (as many as 15 for a production lot of
up to 8000 batteries). The three transceiver batteries are required to provide a
minimum mean service 1life of 8 h (1 shift) at ambient temperature; 2 h at -22 °F,

and 7 h at 140 °F.
Service Life Performance Factor

The requirement that three or more batteries be subjected to the service life
test permits a statistical determination of the extent to which all batteries from a
single lot perform in a uniform or consistent manner. Large differences in the
performance of individual batteries are often symptomatic of poor quality control
during the manufacturing process, and field use of batteries manufactured under such
conditions coul” be expected to result in unreliable operational communications.

Following the completion of the service life tests, the data obtained at each
test temperature are analyzed according to standard statistical methods to determine
a performance factor for each set of test batteries. The performance factor is
calculated as the difference between the measured mean service life of the test
batteries and the required service life (8 h at ambient, 2 h at low, or 7 h at high
temperature), divided by the root mean square deviation of the measured service
life. Those wishing to make such calculations will find a sample calculation in
Appendix B of the Standard.

In order to comply with the requirements of the Standard, the mean service life
of the three batteries must meet the minimum service life required at each test
temperature and, in addition, the calculated performance factor at each test
temperature must equal or exceed 0.958. The numerical value of the performance
factor varies with the test sample size as specified in section 4.5 of the Standard.

Internal Connections

As noted earlier, transceiver batteries contain many internal electrical
connections between the individual cells and external contacts. The integrity of
these connections is critical to the ability of the battery to provide proper
operating voltage and electrical power throughout its useful 1life. In order to
determine whether the integrity of the internal construction is sufficient to
preclude premature failure, each fully-charged battery is discharged at a very high
rate for a period of 2 min. This rate is equivalent to five times the rate required
to discharge a battery in 1 h. If the Nicad battexy voltage does not fall below 1 V
per cell during this test, its internal construction is considered to be of
acceptable gquality.
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TEST RESULTS

In all cases, the batteries that were te

. sted during this program wer
g;:ict}y from the manufacturer or its distributor. The soﬁrcg from ewg;gghaisg
testern.es were purchased was not told that the batteries were being purchased for a
est pgog;am. Lach test laboratory was provided one or more battery chargers that
pere spgziggﬁg tgrigictarge t:ﬁ pgrticular type of batteries that were provided as

. o use, e battery chargers were tested to verify that th

Szgzat?gstgiggzglytoatcﬁgg manzﬁactgrei's specified charging rate. The {aboratorigg
A : ) ge e atteries in accordance with
;2:;r;gtlzﬁs,s even if tpig procedure differed from that of the Standard. For
= ptiée ethtandard spec1f1§s that slow-charge batteries be charged at a rate of

. s e rated capacity per hour for 14 to 16 h, while one manufacturer

specifies that one of its hea ~dut i initi
period of se eone 9f 1 beforzyuse.y battery models be given an initial charce for a

L}
The tests were: conducted by the test laboratories in the following sequence:
a) Service life and extra service life tests at ambient temperature.
b) Service life tests at high and low temperatures.

¢c) Internal connection tests,

Following tests at either high or low tem
1  hi perature, each battery wa i
at ambient temperature for a minimum of 12 h prior to éecharging thg baitgggdégiogﬁg

next test. All tests wer initi ithi s .
battery was fully chareed. ere initiated within 2 h of the time that the individual

Table 2 presents a summary of the test r
_ y esults for the 65 lots of batteri
giiskevgluated. thmpllance w1§h the.requirements of the Standard is indicsiéssb;ha:
pace, while noncompliance is indicated by the letter N. Note that only 12

(19.5%) of the 65 ba i i i
of the Seenone,’ ttery lots were in full compliance with all of the requirements

When reviewing this data, kee i i

\ P in mind that com liance with +
;:g:;iesoghag g?g battery have both a minimum service lifesime and a ‘g:rggi;gigg
cnopor of .l Or greater to comply with the service life requirement For
cons?deéabiSt lot code G2 batteries had a mean service life of §8.37 h at 140 °p
Sonside lifZ fogng:;ethiﬁrzge z:ggired 7:0 h; however, the standard deviation of thé

speclmens was 6.65 h which resu

E:gﬁg;ﬂ:gg: ogagggrstgidaggly Ig.gl,t ani therefore this 1oé did not cg;pi;egitﬁnth:

1 : . ontrast, test lot code G2L demonstrat
service 1life of 14,5 h at 140 °F, and the standard deviation was oﬁ?y 3.9?e§?

resulting in a perform £ i i
cesult Standard? ance factor of 7.89, signlflcantly exceeding the requirement

factgibégr Zagieggngslthe measured servige life test data and calculated performance
8 h at ambioae te: OE. As noted earlier, the mean service life requirement is
factor of 0,958 or reatore; 2 h at -22 °F, and 7 h at 140 °F, with a performance
the service life gr:ager at all test temperatures. As can be seen in the table

operating températurg N o§mance of the batteries varied considerably at differené
comply with rhe o i. t ambient temperature, 24 test lots (37%) were found to
lots (46%) met theeg:qiggzggstgf tge Standard, while at low temperature (=22 *F), 30
complied with the requirements ogntr’leafs:tg:g;\rg?mperature (140 ° F) ’ 29 lots (45%)

Test 1lot codes M2a, M2c M2p
and M2L
temperapure servige life tests.’ This'is thought :gu%SVZOtb
protective circuitry within the batteri

di
scharge. All of these lots performed normally when allowed to cool to ambient

temperature, It would a i
extremely not ol tmarol] bpear that these batteries could be a problem if used in

Because many of these batteri
: es can also
gigher power optiops, service life was also measu?gduz:dt
an that specified by the Standard.
were tested in accordance with the Standa

with transceivers that have
WO current drains higher
For example, the G2 test lot code battegies
rd using current drains of 14.5 mA for
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Table 2. Battery compliance summary.

in NILECJ-STD-0211.00)

(Requirement specified

Requirement Requirement
i i life
ice life Test Service le
?ﬁit Serv Internal lot N - 10°r czﬁgzgzién §
code |-22°F Ambient |140°F |connection code | -22°F Ambient | 1
N
Gl N N N M5
Gla N N .
G1C N N Mg' N
GlL N N N M6A N
M6C 3
G2 N N N M6E
G2A N N N N L .
G2C N glA N
G2E N N N N N N .
G2L R1C
R2 N N N N
G3 N N N RoA N N
G4 N N R2C N N
H1 N N R3
R4
H2 N N
H2A N N N N ggg
H2C N N
M1 RS N N
N
MlC
M1lD N N N N ggA
M1E N N N
R6C
M1J R6J N N
ﬁig R6L N N N
M7 N N N ; o1 - -
M2 N N slAa N N
N N S2 N N
N N
ﬁ%g N N N S2A N N N
M2E 8 Wl N N
M2L 5 N W1A N N N
M2P N wlcC N N M
WlJ N N
M3 N N N Wip N N
M4 N N
M4A g N
M4C
MAE N N
N - Noncompliance with standard.
12
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current requirements on the basic General Electric PE and MVP models). The
higher power option tests for test lot
transmit current drains of 630 mA (medium) and

to the two series of transceivers, Standby and receive current drains remained the
same for these additional tests. The mean service life of each battery with higher
current drains for use with higher output power, in all cases at ambient temperature
only, is also presented in Table 3, It should be noted that the manufacturer may
not necessarily recommend that a given battery model be used with transceivers that
incorporate higher power options. This additional data was taken for information

?urposes only, and no attempt was made to use this data to calculate a performance
actor.

two
code G2 batteries were conducted using

1500 mA (heavy) required for options

One battery from test lot code MILD (identification number 2674) was found
defective on receipt, and would not accept a charge, Its zero 1lifetime for all
conditions was used in the service life calculation and it was classified as a
failure for the purpose of internal connection test. This is the principle reason
that lot M1D was unable to obtain acceptable performance in any test.

A few test lots would have complied with the requirements of the Standard for
mean service life if the one of the three-battery sample that was obviously bad [for
example: those that (1) would not hold a charge or (2) could not pass the internal
connection test] was not included in the service 1life and performance factor
calculations, Lots that fell in this category were G2, G2A, G2C, and M7. Those
test lots that were unable to pass the internal connection test because one battery
in the three-battery sample was deficient included lots G1, GiL, G2, G2A, G2c, H2a,
MLC, M1D, M1E, M4E, M7, R6J, and S2A. The above observations tend to confirm the

concerns expressed by many police departments that they are receiving deficient
NiCad batteries directly from the suppliers.

In addition to the performance criteria summarized in Table 2, the Standard also

requires that each battery be clearly and legibly labeled with the following minimum
information:

a) Manufacturer's name

b) Nominal voltage

c) Battery type and model

d) Rated capacity

e) Indication of polarity

f) Indication if the battery is rechargeable
g) Recharge rate

h) Month and year of manufacture

There was no consistency in the manner in which the manufacturers labeled the
batteries that were tested during this program. For example, one manuf
specify a recharge time, another might list a recharge rate, while still others
would simply indicate that the battery was either a slow or fast charge battery.
addition, in many cases the labels were so poorly affixed to the battery that one
could expect the labels to be accidently removed soon after being put into
operational use through normal wear from handling. The overall compliance of the
battery models with the requirements of the standard is tabulated in Appendix A,

Based upon strict adherence to the labeling requirements of the standard, none
of the battery models were in full compliance. Using a relaxed interpretation of
the requirements, 10 of the battery mocdel labels provided those items of information
necessary to satisfy the intent of the standard. The relaxed interpretation permits
the following variations in labeling: 1) a battery need not be labeled
"rechargeable" if a recharge rate is clearly specified,.Z) the battery polarity need
not be labeled if +the battgry body is keyed or the'contact arrangement makes it

the transceiver, and 3) the year and month of manufacture can be in coded form or a
production lot number can be substitutegd.

In three cases, the only label on the batteries was the manufacturer name.
Thirteen hattery models (20%) did not 1labe) the nominal voltage and 12 others
(18.5%) were not labeled as to the model and type of the battery. The most serious
labeling deficiency, however, was with respect to those items that affect battery
charging: rated capacity, identifying whether the battery is rechargeable, and
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A total of 16 battery models (24.5%) did not label either battery
capacity or charge rate, making it difficult for anyone to properly recharqe a
battery without referring to other information. OGranted, if a department uses a
recharging system purchased from the battery manufacturer, this information may not
be critical. Should a department wish to recharge batteries with existing systems
not designed specifically for the batteries, however, this information is important.
As discussed above, the requirement that the battery label identify whether the
battery is rechargeable is considered to be satisfied 1if the label specifies a

charging rate,

recharge rate- however, four battery models (6%) did not provide either item of
labeling information.

If these NiCad batteries are to provide 1000 recharge cycles, as many
manufacturers advertise, each battery should last almost three years if charged

If recharged less frequently, a service life of five or more years might be
expected. Any department that has a large number of personal transceivers can be
expected to have many different battery lots in operational use at the same time.
The ability to determine when the battery was manufactured simply by looking at the
label will assist the user in identifying those which can be expected to be near the
end of the operational life. In 14 cases (21%) the batteries had no information as
to date of manufacture. In addition, six of the battery lots (9%) were labeled with
a code. which was assumed to be either a production lot number or date of
manufacture; however, the code would be more difficult to use to gauge the length of
time that a battery has been in service. The date of manufacture or lot number are
also important to the user in the case of a defective production lot, if it becomes
necessary to return such a lot to the manufacturer.

daily.

The internal connection test, as noted earlier, requires that each battery of
the test lot provide a minimum voltage during a 2-min discharge at a high rate.
Overall, when tested at the nominal rated capacity supplied by the transceiver
manufacturer, 148 (74%) of the 195 batteries tested were in compliance with this
requirement of the standard. However, since all three of the batteries in each lot
must pass this test, only 37 of the lots (approximately 58%) were in compliance with
this requirement. The internal connection test results are not averaged, so the
data do not conform to the tabular format of Table 3 and are not reported in the
table. The data are presented, however, in the table in Appendix B to this report,
which provides the manufacturer specifications for each battery model and all of the
test results that were obtained for each battery tested.

Test lot codes M5, M6, M6A, M6C, and M6E failed to comply with the internal
connection requirements. However, it should be noted that the current required to
discharge these particular batteries at a rate five times the normal 1-h discharge
rate was 6.25 A, considerably higher than that to which other lots were subjected

during the internal connection test.
were submitted to the two independent

At the time that the battery models
testing laboratories, the PTC prepared data sheets for each lot of batteries based
upon the characteristics 'of the transceiver with which the particular lot of
patteries was intended to be used. This data sheet specified only the rated

capacity of the battery normaily supplied with the transceiver by the manufacturer
of the transceiver. The testing laboratories inadvertently used the rated capacity
from the PTC data sheets to determine the current drain to be used for the internal

connection test for all batteries in the test lot.

In reviewing the test results, it became apparent that there were a number of
instances in which the current drain that was used for the internal connection test
was not consistent with the battery rated capacity as specified by each battery
manufacturer. Having recognized this situation, the manufacturer rated capacity was
checked with current catalog information, or verified through telephone discussions
with the manufacturer of the battery model. The mAh capacity listed in Appendix B
is the manufacturer's ratings as of May 1984. This situation serves to support the
requirement that the batteries be properly labeled, for in the majority of those
cases in which the current drain was not correct, the battery was not labeled with
rated capacity and there was no way for the testing laboratories to recognize that

the rated capacity was not as quoted by PTC.

Because of the use of incorrect capacities, there were five instances‘(test lot
codes R4A, R4C, W1, W1J, and W1P) in which the batteries were tested originally at
current drains in excess of those required by the Standard. All of these battery
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Table 3., Service life test results for individual battery lots.
Ambient temperature Low temperature High temperature | Medium | Heavy
‘ -22 °F (-30 °C) 140 °r (60 °¢) load load
Test Mean Performance Mean Performance | Mean ;e;}érmaﬁ e‘
lot life? factor life? factord life€ factor ¢ Tf?: ???:
code (h) (h) (h) (h) (h)
Gl 5.87 * 3.03 3.22 6.50 *
GIA 5.00 * 3.53 3,26 4.37 * g';; gfg
Glc 5.07 * 3,70 2.79 4.63 * 3.13 [ N/T
GlL 4.07 * 2.37 3.08 4.27 » 2.97 | n/T
G2 9.07 .25 16,13 7.26 5,37 02T 5,03 | 2.63
G2A 8.13 .02 5,73 0.74 8.97 0.25 6.23 |2.70
ggg 13.23 1;52 9;20 1;08 12.30 1.65 7.83 |3.20
. * *
62, 1443 | 1.5 11,90 | 27,50 14,50 7.89 o5y | 463
63| 5. N + x pow— o T e sen] U008 G S 4 .
f 6y 580 L 3,67 | 11.13 5.87 * { 2{27 gfg
1l 4.67 ¥ 3,337 CWLRT T | B0 W e ] N
H2 5.10 ¥ 2,20 5.13 * N/T N/T
H2A 6.00 * 2,03 0.02 5.90 * N/T N/T
H2C 5,37 ” 3.37 9,13 5,47 * N/T N/T
M1 11,27 4.88 5.67 1.86 11.07 5.36 4.1 N/T
MlC 10.23 2.97 4.33 8,03 10.30 | 12.69 3.8 |N/T
M1D 7.10 * 0,17 * 7.13 0.02 2.80 |N/T
M1E 9.57 13.08 2,70 0.32 4.40 * 4.17 | N/T
MLJ 9,53 3.40 5,27 4,61 10,03 4.46 3.77 | NyT
M1L 10.93 5.05 3.80 1,89 9.13 1.72 4.27 |N/T
M1P 10,60 5,65 4.33 5.07 10.07 12,28 4.27 |n/T
M7 10.37 1.21 3.30 0.52 8.4 0.32 2.23 | N/T
M2 8.07 0.22 4.17 §.62 7.13 0.20 3.70 | N/T
M2A 8.37 2.47 5.50 | 11.67 * . 4.00 |N/T
M2C 8.87 2.49 6.23 | 135.25 * * 4.23 |n/T
M2D 6.80 * 2.63 0.35 * * 3.63 | N/T
M2E 7.43 * 3.23 2.62 7.30 0.97 3.23 |N/T
M2L 7.60 * 4.73 7.18 * * 3.67 | N/T
M2P . 8,10 0,28 4,90 | _ 6,59 8.07 2.63 3,77 | N/T
-‘ﬁ%) . 5‘«%:33 : g.z; : .20 12.00 a7 Iy
. . 7.87 1.23 87 |N/T
M4R 7.63 * 3.67 5,76 7.67 0.83 :_S; g;g
M4cC 8.07 0.09 3.90 19.00 8.03 1.36 5.07 |[N/T
M4E 8.23 1.53 5,27 27,25 5.63 * 5.27 | N/T
M5 12.93 8.08 .43 3,63 11,97 9.94 7.43 12,037
M6 13,40 8.85 4.97 3.54 13.00 9.68 773 | 2,30
M6A 12,23 70.50 7.73 38.20 11.50 22.50 7.97 | 4.00
M6C 12.17 4.21 4.63 1.53 11.30 4,04 8.20 |4.20
M6E 12,17 3.36 5.87 4.25 11.5 4.46 6.77_ | 3.93
RL 8.17 0,40 5.23 8.50 8.4 3,89 417 [N/
R1A 7.60 * 3,00 1.79 7.87 3.48 3.77 | N/T
| .RMC | 7,20 ) o * ... _2.,471 0.31 | .6.33 * 2.67 | N/T
R2 7.23 * 2,83 0.57 .27 0.27 3.23 {n/T
R2A 6.67 * 3.23 1,66 7.53 2.12 3.50 | N/T
R2C | 6,60 * 2,42 1,05 7.87 5.80 3,53 | N/t
R3 9,97 3,34 5,20 5,25 9,89 50,23 5153 7 |74.40 ]
R4 10,43 16.20 2,40 2.35 9,87 38.71 5.40 | 4.07
R4A 10.80 5.00 5.70 3.52 11,10 7.74 5.77 | 4.23
RAC 10.93 5.33 4,03 3,38 10,83 6,38 5.33 |4.33
RS 6,10 * 5 50 5 74 6.93 . N/T | N/T
R6 9,80 5.14 5,13 13,61 9.47 2.74 N/T N/T
R6A 8.53 2,12 4.43 11,57 8.50 5.77 N/T N/T
R6C 8.47 3.13 4,27 15,13 8.27 8.47 N/T N/T
R6J 8.50 0.41 4,77 6.16 8.87 2,05 N/T N/T
R6L 7..50 * 3,20 6,00 6,97 |. _.X N/T N/T
sl 4.00 * 3.00 10.00 4,37 e N/T N/T
S1A 4.00 * 2.83 6,92 4.37. * N/T N/T
S2 4.53 * 2.53 2.30 .47 4 N/T N/
S2A 3.50 * 1,57 * 3,93 * N/T N/T
Wi 6.73 * 3.23 4.92 4.87 * N/T | N/T
WIA 7.23 * 3.13 18.83 4.97 * N/T N/T
W1C 6.60 * 3,07 3.34 5.00 * N/T N/T
W1lJ 6.97 * 3.47 12,25 4.70 * N/T N/T
W1P 6.87 * 3,00 3.85 4.50 * N/T N/T

;5;r£o;man§e f:gtor negative or equal to zero.
- Not test because transceiver does not have higher power t.
4gpight-hour requirement, NILECJ-STD-0211,00, 3 pover optien.
cTwo-hour requirement, NILECJ~STD-0211.00.
Seven-hour requirement, NILECJ-STD-0211,00,
Performance factor equal to or greater than 0.958, NILECJ-STD-0211.00.
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lots met the requirement for the internal connection test, and would obviously 5
continue to meet the recquirement at a lower current drain. Test lot code S2A was MANUFACTURLR COMMENTS
tested at a current drain less than that required by the Standard. Since this

battery lot had one battery that failled to meet the requirements of the Standard at ‘ Following completi i .
the lower current drain, it was apparent that the lot also would not meet these : tests of their owﬁ batEngzstSnglgzttdiaft of this report, coples of the results of
manufacturers n o each of the 13 manufacturers. Nine of the

submitted comments concerning the data, several of which objected to

requirements at a correct (higher) current drain.
the publication of the test results, for a variety of reasons.

There were, however, a number of instances in which the batteries were tested at :
i The PTC

current drains other than those required by the Standard and it was not possible to : staff began to place ord .
determine whether the batteries did, in fact, comply with the requirements. When 1 Delays were experienced in obzaininor §rihf°r the batteries in late December 198l.
originally tested at too high a current drain, test lot codes M3 and M4 did not ' ' chargers, and it was the summer ofg1982 b A and' the required battery
comply with the requirements of the Standard. However , upon retest by PTC at the 7 _ testing laboratories were able to begin th efore all batteries were on hand and the
proper current drain, M4 was found to meet the internal connection requirement, i Laboratories prepared its test g & ot oSt United States Testing
whereas M3 failed to comply with the internal connection requirements of the Corporation, however, did not compl tepgrt in February 1983. Columbia Research
Standard . ‘ plete its testing until the summer of 1983.
Several ma .

There were 10 instances in which battery lots were reported as complying with g production and Eﬁﬁzcgﬁzsrﬁavga;:d:tatﬁd that certain battery models are no longer in
the requirements of the standard that were tested originally at too low a current their products, or changed com ogeagges in production technigues, redesigned
drain. Eight of these (test lot codes Glc, G2L, M2, M2A, M2C, M2D, M2L, and S2) i expressed concern that the test regultn suppliers. These manufacturers, therefore,
were retested by the PTC and found to fully comply with the internal connection : product line. Four of the m £ s may not be representative of their current
requirements of the standard at the proper current drain. Originally, test lot ‘ suggested that new tests should bgngoagtuzegs that commented on the test results
codes Gl2 and S1A were also tested at too low a current drain. When retested by PTC indicated a willingness to provid nducted of current production batteries and
at the correct current drain, two of the three batteries in each battery lot were } P e samples for such testing.
found to comply with the internal connection requirements. Each battery lot, ’ ‘ As noted in the indi
however, included a single battery that did not comply. Both battgries had ; of the production 2h;ggéglgggirgggugﬁituigrtcngentS that are summarized below, most
performed satisfactorily during the original testing program. The condition of ! this report, and it is reasonable ty 2 months prior to the publication of
storage and handling of the batteries between the completion of the original testing : those that were tested are still in o assume that many battery models identical to
and the retest effort are not known; therefore, test results are not reported, and ; use throughout the United States.
the battery lots are considered to be in compliance with the internal connection ; Alexander Manufacturing Co.
test requirements of the standard for the purpose of this report. .

; A total of 13 b

As previously discussed, a number of the battery manufacturers continue to take f was tested. This 2§§§r§tggggl:hZinE§ZCtuied b{ the Alexander Manufacturing Company
exception to the 10-10-80 duty cycle that the standard requires for the : test results for several of their ba{ts rongly objected to the publication of
determination of battery service life. The most often quoted duty cycle is 5-5-90, f H156; test lot codes GlA, G2A, H2A, M4A erydmodels: R2556, R2558, R608, HB834, and
and many manufacturers tend to use this cycle as the means of determining the ; objecting to the publication éf teét reéulzn . R6A, respectively. The basis for
required battery capacity. | batteries have been drastically changed singe 2§et:§§§ battery models was that these

‘ . ! even the part numbers have changed s were run, and in most cases,

Those wishing to compare the performance of the batter;es tested during this *

rogram on the basis of rated capacity, total delivered electrical power, and the r This firm felt .
gapgcities required to operate personal transceivers for 8 h using these two duty . R2558 (G2A) as an exam;?g? wﬁ?ih ?§t2h2§§ confusing and possibly false, citing Model
cycles may do so by reviewing the data in Appendix C. ! performance was not tested, but rather theogéﬁigﬁmgﬁzgngngEchﬁgat the batteries'
: rger.

The table in Appendix C 1ists the total electrical power capacity required to : Centurion International
operate the personal transceiver that each battery lot is inten?ed to be used with ‘
at both a 10-10-80 and 5-5-90 duty cycle {as calculated from the transmit, receive, : A total of 12
and standby current specifications for the transceiver identified in Table 1 of this : tested. This firm stagzgt:ﬁgt ?zdgéit ﬂinufactured by Centurion International was
report) . It also lists the manufacturer rated capacity for the battery model based / rgte is superfluous for rapid char at the labeling requirement for recharge
upon manufacturers' specifications, which was obtained from published data sheets, : differentiation is all their customers ge packs are clearly marked as such and this
or through direct contact with the manufacturer. The actual mAh capacity delivered : pack into a charger over which they h vrequlre, as the customers simply drop the
during the ambient-temperature service life tests conducted during the testing are A y have no control.

resented for each individual battery in the test lot. 1In all cases, the data for This firm also st i . .
zhe mAh capacity are rounded to the nearest 10 mAh (i.e., a calculated capacity og ; ated that it changed cell suppliers early in 1983,
496 mAh 1is reported as 500 mAh, while a calculated capacity of 492 mAh is reporte . In the case of Centurion battery mod
s 490 mAh). : exception to th y model MT4463 (test lot code M2C), the firm
a ) 7 TS e test results at elevated temperature, for <.his battery m§32§

: a bimetallic poly s ‘ .
These data are provided for information purposes, without comment. that is calibrated to :how ag ogenwiEiguizragengrggure and short circuit protection

Motorola, Inc.

A t i
Basicallgtaéotgiolzli battery models manufactured by Motorola, Inc. was tested w
. the duty cycle thagC'WEQORuzggo: gxgﬁpyion to the testing program on the basis of
misunde. \ S n eir opinion was that this
derstood subjects concerning the application of portable tranizeggirgf the most -
- The

firm stated in their lett

en ; . er and subsequent telephone conver

ine ;;zdsggggnof bgztirles tested, only the NLN6761A (M1l) and NLN446§gti?§§)thi:$a2§
. ery model NLN8835 (M6) has been out of production for three to
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four years, During these telephone conversations, company representatives noted
that batteries NLN8840B (M4) and NLNB8841 (M5) were discontinued about January 1983
and that NLN8834A (M4) was no longer in production. It questioned the performance
of the batteries initially tested and stated that it was not clear how old they were
and what their actual condition was.

The firm also questioned the current drains, stating that it appeared that those
used were from service sheet specifications intended for use in diagnosing radio
problems, which are not typical of actual radio use.

The firm noted the use of what is considered to be nonrecommended combinations
of radio power levels, batteries, and duty cycles., The firm stated that such tests,
if conducted for information purposes, would be supported by Motorola, Inc. provided
that the results were noted as an application not recommended by the manufacturer.
It also took exception to the 10-10-80 duty cycle, which it does not consider
representative of actual public-safety application. It expressed concern that the
data might mislead a nontechnical user into selecting a battery that is excessive in
size and cost for the application.

Motorola,' Inc. recommended a meeting between its battery engineering staff and
the PTC testing agency to discuss the issues.

Energy Concepts

A total of five battery models manufactured by Energy Concepts was tested. This
firm stated that it did not want the results published because 1) the products,
either in whole or part, have been substantially redesigned since the samples were
first submitted in the fall of 1982, and 2) the company did not have a copy of the
standard employed in testing the product.

Energy Concepts also called attention to the fact that it started operation in
January 1982, and that its products have evolved and improved during the past two

years.

General Electric

A total of four battery models manufactured by General Electric was tested.
This firm questioned the service life data, stating that it appeared that the data
were obtained from defective batteries, or batteries that needed refreshing due to

extended out-of-service use.

The firm also took major exception to the 10-10-80 duty cycle and stated that it
advertizes a 5-5-90 duty cycle as the specified cycle for its personal transceivers.
It was noted that the selection of the battery for a transceiver is often a
compromise, for most departments want maximum output power with minimum battery size
and weight, which obviously results in shorter service life, The firm states that
its opinion that a 5-5-90 duty cycle is acceptable 1is supported by the lack of
customer complaints relative to service life,

The firm also took exception to the labeling requirements. It felt that the
voltage level was irrelevant, for batteries are designed for use only with a
specific transceiver and cannot be used with other transcelvers,

With regard to labeling of the rated capacity, General Electric stated that new
product batteries are now marked with rated capacity, and the information will be
added to older battery models as the housings are retooled.,

The f£irm also took exception to the requirement that the recharge rate be
labeled, stating that the recharge rate is determined by the battery chargers, and
that both trickle and fast chargers are available for all of the battery models that

were tested,

General Electric questioned whether the publication of this report would be
helpful to the usexr in view of their opinion that the test results are not
descriptive of typical system use,

18
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SAB Harmon Industries, Inc.

A total of two battery models m
. i anufactured by SAB Harmon Industri
:ﬁztegérnggs flrm_expyessed concern over the publication of the resiligesénénc;szgg
e publication would take and what the distribution would be.

The i i
famils e £;€g tg;dNIEgt want to see the test results published because it was not
cemilia standarde Furgge:taggazgé and :gd ng§ itself evaluated the test procedures
. uestionable as to wheth SAB i

Inc. was even trying to coﬁ eh i A oty pastries
ply with the standard, and if j i les

meet the requirements of their cust 4 i oF whay i neir, batteries

1 omers, th i i i
totally negative test results might be véry gagggiig?tlon of what it considers to be

Power Group International

A total of three batter
. Y models manufactured by Pow '
(formerly Power, Inc.) was tested. This group stated thaz it e;egioughigteiﬁgtlgggt

results were out of date i i i
Petiormane! ate and not in keeping with current improved production and

Telecommunication Devices, Inc.

A total of two batteries m ]
testad. 1 £ ) anufactured by Telecommunication Devi
repzzgentzgiieflg? agxlsggsg?gtethg ba;tezie§ were purchased by PTC ?Kliggi igg. Zi:
P : anufacturin pr i i
changed the supplier of raw nickel cadmium celgs in0§§g§r§§83The Fimm states that it

Wilson Product Group

One i
questionegatxﬁzzheSOd:i manufac?ured by Wilson Product Group was tested. This firm
Fepresentatine ner & e transwlt, reserve, and standby current drain were
depjosentative ¢ O0se required by the transceiver for which the batter
. irm noted that it manufacturers a variety of transceiveisy :ﬁ;

batteries with a ra
: nge of A ; \ .
oy res ge of power capacity, including UHF transceivers with low power

Wilson Product Group ex
: pressed
gested the data_mlght be interpreted as
tzggs 3ny of its products. It was als
t epresented worst case i
1t manufacturers. conditions
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APPENDIX A--BATTERY LABELING

Test
lot
code

Name

Nominal
voltage

Type
and
model

Rated
capacity

Polarity

Recharqeable

Recharae
rate

Month and
year
manufactured

Gl
GlA
GlC
GlL
G2

N
N

N
N

Z22Z =22

K

G2A
Gac
G2E
G2L
G3

G4
Hl
H2
H2A
H2C

zZ|z =z

ZZZ2ZZZ 2

M1

M1lC
M1D
M1E
MlJd

PP O RRARRARRARRR AR

zZ20=2

M1L
M1P
M2

M2A
M2C

Z |2 Z2zZ2Zez 227 Z2Z=Z=Z2Z2Z 2

M2D
M2E
M2L
M2P
M3

> ez P

M4
M4A
M4C
M4E
M5

QZZZ2Z2 22222

RR R

A

M6
M6A
M6C
M6E
M7

Z Z22=

NnzZao

R1A
R1C
R2

R2A

Z jZz zZ=

R2C
R3
R4
R4A
R4C

A -4

zZZ

R5
R6
R6A
R6C
R6J

R6L
sl
S1A
s2
S2A

ZZ2ZZ

zZ2

22z

Wl

WiA
wic
WlJ
W1lP

PP I p RRRRARXR |(RARRXRIRRIRRRK] RAR

Z2Z
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APPENDIX A~-BATTERY LABELING {Continued)

N - Noncompliance wi?h requirements of the standard.
K - Keved to ensure installation with proper polarity.

c contact points to ensure installation with nrover

A ~ Fabricated with asymmetri
C - Coded information provided.
4Not labeled but recharge rate provided.
All batteries not labeled the same.
;Label may be easily removed,
Date not legible.
®Labeled TEK 10-8,

" Labeled as GE battery (41B025AK00201 8214, 450 mAh).
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APPENDIX B~~BATTERY DATA AND TEST RESULTS
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APPENDIX B--BATTERY DATA AND TEST RESULTS

ciﬁigol Test results
data Battery data Service life test
Recommended | Ambient temperature Low |High Internal
Test Nominal charging temp. | temn, | connection
lot | ID Model No. |voltage {Capacity time Standard |Medium [Heavy | -22°F | 140°F test
code| no. Company number cells ) (mAh) (h) th) * (h) (h) (h) (h) (v)
Gl 2366 |General Electric 19p413522G-1 6 7.5 500 16 5.9 4.0 - 2.9 6.6 6.30
2367 5.6 3.3 - 2.8 6.3 5.82
2368 6.1 4.0 - 3.4 6.6 6.14
GlA }1920]|Alexander R2556 6 7.5 540 16 5.3 3.0 - 3.9 4.5 6.40
1921 4.9 2.9 - 3.0 4.4 6.28
1922 4.8 2.9 - 3.7 4.2 »
G1C |2740|Centurion PE5221 6 7.5 540 16 5.2 3.1 4.1 4.7 6.15
2741 5.3 3.2 - 3.0 4.8 6.33
2742 4.7 3.1 - 4.0 4.4 6.38
GlL |2661 |Multiplier M522G1 6 7.5 500 16 4.0 2.9 - 2.3 4.1 5,99
2662 4.1 3.0 - 2.3 4.4 6.11
2663 4.1 3.0 - 2.5 4.3 6.10
G2 2619 |General Electric 19D413522G-4 6 7.5 700 3 12.0 8.2 4.3 11.7 12.6 6.75
2620 11.0 7.8 2.4 8.0 11.8 6.76
2362 4.2 1.8 0,2 10.7 0.7 4.66
G2A [1941 |Alexander R2558 6 7.5 700 3 2.7 0.8 0.1 0.2 0.6 3.34
1942 8,2 7.5 3.4 7.0 10,2 6.20
1943 13.5 10.4 4.6 10.0 16.1 6.35
G2C |2734|Centurion PE5224 6 7.5 700 3 13.2 9.4 4.4 12.5 13.8 6.74
2735 " 9.0 4.5 0.5 1.5 8.6 5.27
2736 13.9 9.6 4.7 13.6 14.5 6.77
G2E |2719 |Energy Concepts EC3522 6 7.5 700 3 a a a a a a
2720 14.4 9.7 4.5 a a a
2721 a a a a a a
G2L (2670 |Multiplier M522G4 6 7.5 800 3 141 9.6 4.7 12.3 14.0 6.28
2671 13.6 9.4 | 4.5 |11.6 |13.9 6.27
2672 14.7 10.0 4.7 11.8 15.6 6.30
G3 2363 |General Electric 19D429763G-1 6 7.5 750 1 4.4 a - a a a
2364 4.5 a - a a a
2365 6.4 a - a a a
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APPENDIX B--BATTERY DATA AND TEST RESULTS

{Continued)
IACP Test results
control
data Battery data Service life test
Recommended | Ambient temperature Low | High Intexrnal
Test Nominal charqing temp. | temp. | connection
lot | ID Model No. |voltage|Capacity time Standard |Medium |Heavy | ~22°F | 140°F test
code | no. Company number cells V) (mah) th) th) (h) (h) (h) (h) (v)
G4 2369 (General Electric 19D429777G~-1 6 7.5 1200 1 4.9 2.4 - 3.5 4.5 5.78
2370 6.6 2.9 - 3.8 6.3 5.70
2371 5.9 3.3 - 3.7 6.8 5,67
Hl 2359 |Harmon DA-16 8 10 540 3 4.6 - - 3.3 5.0 8.71
2360 4.6 - - 3.2 4.9 8.77
2361 4.8 - 3.5 5.1 8.72
H2 2629 |Harmon BA-1l 8 10 540 16 5.0 - 2.2 5.0 8.85
2630 5.1 - - 2,2 5.3 8.88
2355 5.2 - 2,2 5.1 8.94
H2A (1929 [Alexander R608 8 10 540 16 5.8 - - 3.3 5.8 8.39
1930 6.3 - - 2.8 6.2 8.47
o 1931 5.9 - - a 5.7 0.59
~
H2C ({2743 |Centurion IC0100 8 10 540 16 5.4 - - 3.5 5.4 8.21
2744 5.3 - - 3.4 5.6 8.51
2745 5.4 - - 3.2 5.4 8.20
Ml 2372 {Motorola NLN6761A 12 15 450 16 11.7 4.6 - 7.0 11.6 13.62
2373 l10.5 3.6 - 3.4 10.2 13.32
2374 11.6 4.1 - 6.6 11.4 13.72
M1C |2731 |Centurion HT6761 12 15 450 16 11.0 4.1 - 4.5 10,2 11.73
2732 l0.2 3.8 - 4.5 10.6 13.28
2733 9.8 3.5 - 4.0 10.1 13.14
M1D [2673 |Telecommunication [TD220 12 15 450 16 10.6 4.2 - 0.3 10.6 12.25
2674 |pevices a a - a a a
2675 . 10.7 4.2 - 0.2 10.8 12.03
M1E |2716 |Energy Concepts EC6761 12 15 450 16 9.5 3.9 - 3.8 3.8 13.23
2717 9.5 4.0 - 0.2 0.2 10,50
2718 9.7 4.6 - 4.1 c 12.85
M1J {2634 lJabro JB220 12 15 450 16 9.1 3.3 - 4.5 9.5 12.83
2635 9.5 3.7 - 5.9 9.8 13,11
2636 10.0 4.3 - 5.4 10.8 12.12
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APPENDIX B--BATTERY DATA AND TEST RESULTS

(Continued)
IACP Test results
control
data Battery data Service life test
Recommended | Ambient temverature Low | High I
Test Nominal charging temp. | temp. coﬁEZEE?in
lot D Model No. [voltage|Capacity time Standard|Medium [Heavy | ~22°F | 140°F test
code | no. Company numbex cells ) (maAh) (h) {h) (h) (h} (h) (h) )
M1L {2664 [Multiplier M6761 12 15 450 16 11.6 4.8 - 3.7 9.8 12.17
2665 10.6 4.3 - 4.8 9.9 13.63
2666 10.6 3.7 - 2.9 7.7 13.41
M1P 2664 |Power Group Intl. |P6761 12 15 450 16 10.5 4.2 - 3.8 10.1 13.67
2665 10.2 4.3 - 4,6 9.8 13.68
2666 11l.1 4.3 - 4.6 10.3 13.77
M2 2643 |Motorola NLN4463B 12 15 500 1 7.7 3.4 - 3.8 6.4 13.03
2644 8.3 3.9 - 4.7 7.6 13.27
2645 8.2 3.8 - 4.0 7.4 13.29
M2A [2375 |Alexander H4463A 12 15 500 1 8.4 3.8 - 5.5 c 13.05
2376 8.5 4.2 - 5.8 c 13.03
2377 8,2 4.0 - 5.2 c 13.07
M2C {2348 |Centurion MT4463 12 15 500 1 9,2 4.5 - 6.3 c 12.86
2349 8.5 4.2 - 6.1 P 12.85
2350 8.9 4.0 - 6.3 c 12.79
M2D [1944 |Telecommunication |[TD500FC 12 15 500 1 5.0 3.1 - 1.3 c 12.31
1945 |Devices 7.7 3.9 - 1.9 c 13.18
1946 7.7 3.9 - 4.7 ¢ 13.71
M2E (2728 |Energy Concepts EC4463A 12 15 450 1 7.7 3.4 - 2.7 7.6 13.41
2729 7.7 3.4 - 3.6 7.4 13.51
2370 6.9 2.9 - 3.4 7.0 13.31
M2L (2658 |[Multiplier M4463 12 15 500 1 8.0 3.9 - 5.0 c 13.07
2659 7.1 3.5 - 4.9 c 13.23
2660 1.7 3.6 - 4.3 c 13.02
M2P [2697 |Power Group Intl. (P4463 12 15 450 1 8.5 4,2 - 5.4 8.5 13.92
2698 8.0 3.6 - 4.7 7.9 13.84
2699 7.8 3.5 - 4.6 7.8 14.05
M3 2652 |[Motorola NLN8840a 6 7.5 700 1 6.4 4.0 - 0.9 8.3 d
2653 8.0 4.8 - 0.9 8.2 d
2654 8.6 5.3 - 0.5 8.1 d
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APPENDIX B--BATTLRY DATA AND TEST RESULTS

(Continued)
IACP
control Test results
data Battery data Service life test
Recommended Ambient temperature Low High
Test Nominal charging temp, |temp. ciﬁﬁgiﬁgén
lot Ib Model No. [voltage |Capacity time Standard |Medium |Heavy |-22°F | 140°F test
code | no. Company number cells (v) (mAh) (h) (h) (h) (h) (h) (h) )
M4 2649|Motorola NLN8834B 6 7.5 700 1, 16 7.4 4.8 - 0.5 3.0 6.08
2650 8.9 5.6 - 0.5 8.5 6.15
2651 6.9 4,2 - 0.4 7.1 6.03
M4A |2381]Alexander H8834 6 7.5 800 1, 16 7.0 4.6 - 3.5 7.1 6.00
2382 8.6 5.4 - 4.0 8.6 6.02
2383 7.3 4.8 - 3.5 7:3 6.00
M4C {2339|Centurion MX8834 6 7.5 800 1, 16 8.7 5.4 - 4.0 8.7 6.15
2340 7.2 4.7 - 3.8 7.2 6,01
2341 8.3 5.1 - 3.9 8.2 6.07
M4E [2725{ Energy Concents EC8834 6 7.5 800 1, 1le 8.4 5.4 - 5.4 8.5 5.88
2726 8.2 5.2 - 5.2 0.0 6.19
2727 3.1 5.2 - 5.2 8.4 6.21
M5 2655/ Motorola NLN8841 6 7.5 1250 1 12.4 7.1 0.6 5.1 11.5 4.52
2657 12.8 7.5 3.1 6.7 11.9 4,59
2658 13,6 7.7 2.4 7.5 12.5 4.58
M6 2646|Motorola 6 7.5 1250 1, 16 12.7 6.7 1.9 4.0 12.3 4.58
2647 NLN8835B 13,7 8.5 2.4 5.4 13.5 4,81
2648 13.8 8.0 2.6 5.5 13.2 4.75
M6A [2384]Alexander H5860 6 7.5 1250 1, 16 12.3 8.1 4.0 7.9 11.5 5.77
2385 12.3 7.9 3.9 7.6 11.3 5.76
2386 12.2 7.9 4,1 7.7 11.7 5.93
M6C |2333|Centurion MX8835 6 7.5 1250 1, 16 11.5 7.8 4.1 6.6 10.8 6.02
2334 11.7 7.9 | 3.9 3.9 10.8 5.99
2335 13.3 8.9 4.6 3.4 12.3 5.74
M6E [2722| Enerqgy Concepts EC8835 6 7.5 1250 1, 16 13 .4 7.3 4.2 6.7 12.4 5.63
2723 10.9 6.0 3.6 4.9 10.4 5.47
2724 12,2 7.0 4.0 6.0 1l.7 5.30
M7 2601| Motorola NLN6761A 12 15 450 16 8.1 0.0 - 0.4 3.3 5.83
2602 11.5 3.3 - 4.6 11.2 13.31
2603 11.5 3.4 - 4.9 10.7 13.39
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APPENDIX B-~BATTERY DATA AND TEST RESULTS

(Continued)
IACP
control Test results
data Battery data Service life test
Recommended | Ambient temperature Low |High Internal
Test Nominal charging temp. | temp. | connection
lot ID Model No. |voltage|Capacity time Standard |Medium {Heavy | -22°F | 140°F test
code| no. Company number cells v) (mAh) (h) (h) (h) (h) (h) (h) (V)
Rl 2684 | Repco 817-066-01 10 12.5 450 1 8.3 4.3 - 5.4 8.7 11.47
2685 8.5 4.3 - 5.5 8.5 11.53
2687 7.7 3.9 - 4.8 8.0 11.40
R1A |1908|Alexander R817s 10 12.5 450 1 8.1 4.0 - 2.4 8.1 11.21
1909 7.6 3.8 - 3.5 7.9 11.08
1910 7.1 3.5 - 3.1 7.6 11.14
R1C [2336|Centurion RPO661 10 12.5 450 1 7.6 2.3 - 2.9 6.1 11.31
2337 6.7 2.6 - 0.8 5.9 11.26
2338 7.3 3.1 - 3.7 7.0 11.27
R2 2621 | Repco 817~005~01 10 12.5 450 14 7.7 3.6 - 4.2 7.9 11.29
2623 €.2 2.8 - 1.3 6.1 7.73
2686 7.8 3.3 - 3.0 7.8 11.36
R2A {1911|Alexander R817 10 12.5 450 16 6.5 3.4 - 3.5 7.5 9.52
1912 6.8 3.5 - 3.8 7.8 11.41
1913 6.7 3.6 - 2.4 7.3 9.93
R2C [2342jCenturion RPOO51 10 12.5 450 16 6.7 3.7 - 1.9 8.0 8.18
2343 6.9 3.9 - 2,6 7.9 11.35
2344 6.2 3.5 - 2,7 7.7 11.24
R3 2691 | Repco 817-124~01 10 12.5 650 1.5 10.4 5,5 4.6 4,9 {10.0 10.75
2692 10.2 5.5 4.3 5.9 9.9 10.80
2693 9.3 5.6 4.3 4.3 9.8 10.76
R4 2683 |Repco 817-125-01 10 12,5 650 20 10.4 5.4 4.0 2.2 9.9 10.56
2689 10.6 5.5 4.1 2.5 10.0 10.50
2690 10.3 5.3 4.1 2.5 9.8 10.47
R4A {1914jAlexander R817L 10 12.5 540 16 11.3 6.1 4.5 6.7 11.5 11.13¢
1915 10.2 5.3 4.0 5.8 10.5 11.04°€
1916 10.9 5.9 4,2 4.6 [11.3 10.96°¢
R4C [2345]Centurion RP1251 10 12,5 540 16 10.4 4.6 4.1 3.4 10.2 10.89°¢
2346 11.5 5,7 4.6 4.6 11.4 11.17°¢
2347 10.9 5.7 4.3 4,1 10.9 10.95¢
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APPENDIX B--BATTERY DATA AND TEST RESULTS

(Continued)
céﬁ%iol Test results
data Battery data Service life test
ﬁ Recommended Ambient temperature Low High Internal
Test Nominal charging temp. |temp. |connection
lot Ip Model No. |voltage|Capacity time Standard [Medium [Heavy | -22°F [140°F test
code{ no. Company number cells (\'A) (mAh) (h) {h) (h) (h) (h) (h) (V)
R5 2680| Repco 810-266-01 12 15.0 500 1 6.0 - - 5.2 6.8 13.52
2681 6.7 - - 6,2 7.1 13.61
2682 5.6 - - 5.1 6.9 13.34
R6 2622| Repco 810-156~01 12 15.0 500 14 9.6 - - 5.0 8.9 13.60
2624 9.6 - - 5.0 9.0 13.60
2683 10.2 - - 5.4 10.5 13.70
R6A (1923 |Alexander H156 12 15.0 500 16 8.8 - - 4.5 8.6 12.99
1924 8.5 - - 4.6 8.7 12,73
1925 8.3 - - 4.2 8.2 12.78
R6C {2330|Centurion RP1561 12 15.0 500 16 8.6 - - 4.1 8.3 12.52
2331 8.3 - - 4.3 8.1 12.68
2332 8.5 - - 4.4 8.4 12.62
R6J |2631jJabro JB156R 12 15.0 500 16 9.1 - 4.3 9 12.90
2632 7.1 - - 4.3 7.9 a
2633 9.3 - - 5.2 9.7 13.04
R6L (2667 {Multipliexr M156-1 12 15.0 500 14 7.4 - - 3.0 7.1 7.22
2668 8.3 - - 3.4 7.6 13.39
2669 6.8 - 3.2 6.2 11.78
sl 2703 |Standard SC-UBP-4 10 12,5 450 1 4.2 - - 2.9 4.6 11.48
2704 |Communications 3.9 - - 3.1 4.2 11.36
2705 3.9 - - 3.0 4.3 11.44
S1A [1932|Alexander BP4 10 12.5 500 1 4.0 - 2.9 4.4 10.90
1933 3.7 - - 2.9 4.2 10.78
1934 4.3 - - 2.7 4.5 b
s2 2700 |Standard SC-UBP-~7 10 12.5 500 14 4.6 - - 2.4 4.6 11.30
2701 |Communications 4.6 - - 2.8 4.6 11.11
2702 4.4 - - 2.4 4.2 11.24
S2A (1926 [Alexander BP7 10 2.5 500 16 4.0 - - 1.9 4.2 10.95§
1927 3.0 - - 1.3 3.7 10.72
1928 3.5 - - 1.0 3.9 g.21f
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APPENDIX B--BATTERY DATA AND TEST RESULTS

(4%

(Continued)
IACP Test results
control
data Battery data Service life test
. Recommended | Ambient temperature Low | High Internal
Tegt Nominal charging temp. | temp. | connection
lot iDp Model No. |voltageCapacity time Standard |[Medium |Heavy | -22°F | 140°F test
code| no. Company number cells v) {mah) (h) (h) (h) (h) (h) (h) (V)
Wl 1947 |Wilson 8214 9 11 450 4 6.8 - - 3.5 4.8 9.989
1948 6.6 - - 3.0 4.8 9,939
1949 6.8 - - 3.2 5.0 9.95¢
W1A [1935]Alexander BP4W 9 11 500 4 7.5 - 3.2 5.0 9.35
1936 7.2 - - 3.1 5.0 7.82
1937 7.0 3.1 4.9 9.22
W1C [2737 [Centurion BFP0004 9 11 500 3 6.4 - - 3.3 5.2 9.02
2738 7.0 - - 3.2 4.9 9.07
2739 6.4 - - 2.7 4.9 8.89
W1J {2637 |Jabro J/BP4 9 11 450 5 6.8 - - 3.4 4.9 9.687
2638 6.8 - - 3.6 5.0 9.677
2639 7.3 - 3.4 4.2 9.867
W1P |2694 [Power Group Intl. | BP4/1281 9 11 450 5 7.2 - - 3.3 4.7 9.837
2695 6.6 - - 2.9 4.3 9.729
2696 6.8 - 2.8 4.5 9,549

2Battery was not able to accept an adequate charge.

Test result not valid (see text).

CBattery was not able to hold charge.

dgelow 6.0 V in less than 40 s.

eyalues obtained when tested as a 650 mAh capacity battery (see text).
fyalue obtained when tested as a 450 mAh capacity battery.

$vValue obtained when tested as a 500 mAh capacity battery.




¥ s,

ey

APPENDIX C--BATTERY CAPACITY DATA

RYTTET T

H

33



APPENDIX C--BATTERY CAPACITY DATA
(Test Data at Ambient Temperature)

Nominal capacity Nominal capacity
8 h operation (mAh) 8 h operation (mAh)
Test 10-10-80 5-5-90 Manufacturer Delivered Test 10-10-80 5-5-90 | Manufacturer Delivgred
lot duty duty rating capacity lot duty duty rating capacity
code cycle cycle (mAh) (mAh) code cycle cycle (mAh) (mAh)
Gl 477 296 500 350 MlJ 359 216 450 410
330 430
360 450
Gla 477 296 540 320 MlL 359 216 450 520
290 480
290 480
G1lcC 477 296 540 310 M1lp 359 216 450 470
320 460
280 500
GlL 477 296 500 240 M2 468 290 500 450
240 490
240 480
G2 477 296 700 720 M2a 468 290 500 490
660 500
250 480
G2A 477 296 700 le0 M2cC 468 290 500 540
490 500
800 520
G2C 477 296 700 790 M2D 468 290 500 290
540 450
830 450
G2E 477 296 700 a M2E 468 290 450 450
860 450
a 400
G2L 4717 296 800 840 M2L 468 290 500 470
810 420
880 450
G3 1188 714 750 650 M2P 468 290 450 500
670 470
950 460
G4 1188 714 1200 730 M3 888 552 700 710
980 890
880 960
H1 848 504 540 490 M4 888 552 700 820
490 990
510 770
H2 848 504 540 530 MdA 888 552 800 780
540 460
550 810
H2A 848 504 540 620 M4C 888 552 800 970
670 800
630 920
H2C 848 504 540 570 M4E 888 552 800 930
560 910
570 340
M1l 359 216 450 530 M5 888 552 1250 1380 -
470 1420
520 1510
M1lC 359 216 450 490 M6 888 552 1250 1410
460 1520
430 1530
M1D 359 216 450 480 M6A 888 552 1250 1370
2 1370
480 1350
M1E 359 216 450 430 MecC 888 552 1250 1280
430 1300
440 1480
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APPENDIX C--BATTERY CAPACITY DATA (Continued)

Nominal capacity
8 h operation (maAh) BNgmé;:iazigﬁc%;Xh)
Test | 10-10-80 5-5-90 | Manufacturer | Deli
Tes : el vered Test 10-10-80 -5~
it g;:{e gut{ rating capacity oo duty 5d§t30 Man;::;turer Delivgred
ycle (mah) (mAh) code cycle cycle (mAh;‘g ca?:ﬁéfy
Mﬁg 888 552 1250 1490 R6A 422 231
1210 500 460
1350 250
40
M7 359 216 450
360 6
320 R6C 422 231 500 450
520 :40
50
R1 509 302 450 -
530 R6J T 4se
220 422 231 500 480
490 280
90
R1A 509 302 450
520 R6 h
10 L 422 231 500 390
450 360
0
R1C 509 302 450
480 Sl
130 862 495 450 450
150 420
420
R2 509 302 450 T T 00
e ™ SRR SV -
390 862 495 500 430
500 400
460
R2A 509 302 450
410 s2
430 862 495 500 500
430 500
R2C 509 302 450 -
430 s2a
420 862 495 500 430
390 320
380
R3 509 302 650
660 Wl
620 576 348 450 490
590 qe0
490
R4 509 302 650
660 Wla
870 576 348 500 540
€60 520
500
R4A 509 302 540
720 wWlc
A 576 348 500 460
€90 500
460
R4C 509 302 540
660 Wlg
a5 576 348 450 490
690 490
R5 422 231 500 —
320 Wlp
b1 576 348 450 520
300 480
R6 422 231 500 510 =
510
540

a
Battery was not able to accept an adequate charge.
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