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RELEASED UNDER FREEDOM OF INFORMATION VICTORIA POLICE

Advanced Taser M-26 Safety Analysis

’

Executive Summary -
Dr David Vissenga and Inspector Bruce Thomas from Victorla Polica commisstoned The
Affred to perform an electrical safety snalysis of the Advanced Taser M-26 "stun gun®
Since. the profect was only to examine the eleciical safety. aspetts of the Taser it
cannot be taken as a.product endorsemient. This report presents the results of our
testing of a sample Taser unlt supplied by the Australlan agents. {FBIS. International
Group). Law enforcement officers In several countrles have used tha Taser for up to 30
years, The Advanced Taser 1§ designed to disam or Incapacifata a suspect without
causlng death, or serfous Injury Yo the suspect, faw enforcement offlcer or bystander,

" and s cuivently used by over 1,700 law enforcement agencles, . .

The first stage of the prafect was to conduct & literature search, Including web-sites,
This showed that although several fataltles have cccurred after using the Taser there
Is no proven connection between use of the Taser and the subsequent death, At a
November 2002 Conference, Taser Internatfona! CEQ, Rlck Smith, gave a statistical
analysls of 2,050 fleld usas of the Advanced Taser }26 and clelmed 3 94.2% success
rate. .

The second stage was to calculate the theoreUcal power oulput of the M26 and
compare with two medical devices accepted as safe for use on bumans by tralned
oparators, Davices chosen for comparison were an electra-stirgleal unit (ESU) and an
electro-convulsive therapy unit (ECT), Both these devices have been In regular, routine
use In Hospltals and clinfes for well over 50 -years. We also compared the Taser output
to that of an electric fence,

Tha iast stage was to de a practical test of the device eperating into a dummy load to
“conflrm our theoretical calculations, Results were compared with fimits specified by
Auétraflan Standard AS3859 - 1991 - *Effects of cuirent flowdng through the human

body”,

Tha conciusion reached s that the current output of the Advanced Taser 1426 Is below
tha fibrillation threshold set out in tha Standard, From an electrical safiety viewpolnt the
device presents an acceptable risk when used by tralned law enforcement officers in
accordance with the manufacturers directfons for use.

Incluided In the report Is a letter from Dr Archer Broughton, Speclalist Cardiologlst from
the Heart Centre at The Alfred. Dr Breughton recommends that a person who hag been
“Tasered” ba admitted to the Emergency Depariment of a Hosplta! for observation:
‘The purpose of the medical observation perfod is to minimise harm to the offender,

Since completing the above evaluation a fouwrth generation of the Taser has been
released - the X-26 Taser. This new model has advantages of slgnificantly reduced
size, welght and power while retalming the non-lethal Incapacdtation properties of the
pravious model, We have nelther seen nor tested this uolt but, if the manufacturer’s
data Is corredt, it Is likely to be a superfor unft In terms of useability while stilt
malntaining the effectiveness of the M-26 model. )
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Advanced Taser M-26 Saféi:y Ahaiysis'

Background:

br David Vissenga and Inspector Bruce Thomas commissloned The Alfred ta perform
an elecirical safety analysfs of the Advanced Taser M-26 “stun gun” or “electro-
- muscular disruption - EMD* davice, Following an Inifal meeting between Dr.David
Vissenga and The Alfred staff on ¢ December 2002 the scope of the proposed analysls
was confirmed In e-malls between David Vissenga of Victorla Police and Simon Brawin
from The Alfred. : -

Tha Taser “nen-jethal weapon” Is the latest deslgn from a company Involved In the
manufacturer of these devices for 30 years, ! (The word Taser Is an acronym for
“Thomas A. Swift electric Rifle”.) Tha Taser device )3 growing In popularity with law
enforcement officers’ worldwide as an effective way of disarming Violent persons In a
non-lethal manner, The electdcal output of the device cari be compared with an
eloctric fenca or a motor vehide fgritfon systemn, Taser Intemational dlaims that "Most
importantly, with over 20 years of field testing there has never been a death attributed
directly to Taser technology™

The Taser uses compressed nlirogen to fire two smaif probes at distances up to 6.4
melres (21 feet), These probes will plerce clothing andfer tissue, The probes are fired
at'a velocity of approxdimately 6.1 metres per second (200 feet/second) and wil
penetrate the body to a depth of no mare than 6.5 mm (V4 Inch).t The Taser will be
effactive If used anywhers on the body but it Is obviously Important that the Taser not
be fired at the face or neck of a persoh In order to prevent possible eye damage, The
Taser oulput voltaga will vary with contact Impedance, Taser output may excead
50,000 volts when the probes are contacting fabric; dropping to 3,000 volts or less
when directly contacting skin or Ussue.

‘The alm of this project Is to undertake an electrical safety analysis of the Advanced
Taser M-26 EMD device, We are not congucting tasis on, or checking the accuracy of,
the firing mechanism. The project is restricted to:

() a Hterature review

(b) theoretical calculation of cutput and verification that this compllas with
Australian medical device standards

() practical test of Taser output Into known test resistances. This s a device test
only - tha firing mechanism and probes wera not checked

{d) comparison of actual measured Taser output to caleufated outputs of common
high electrical output medical devices and domestlc equipment

(e} medlcal recommendations concerning post-use checks on a person after being
Tasered
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1. Literature review =

Law enforcement officers In several countrles have used the Taser for up to 30 years,
“The Advanced Taser Is designed to disarm or fncapacitate a suspect withetit causing
death or serous Injury to the suspect, law enforcement officer or bystander, and Is
currently used by over 1,700 faw enforcement agencles, Although severa] fatallties
have occurred after using the Taser there Is no proven connection between use of the
Taser and the subsequent death. Ak a November 2602 Conference, Taser International
CEO, flick Smith, gave a statistical anah{sls of 2,050 field uses of the Advanced Taser
M26 that showed a 94,2% success rate, .

A comprehenslve report on testing of the Taser dated 16 May 2001 was produced by
Bodycote Matedals Testing in Ontario, Canada. S/Sgt Peter Sherstan cornmissioned this
report on behalf of the Royal Canadian Mounted Pollce, This testing included applying
Taser pulses to various barriers Induding synthetic Insutated fackets, RCMP storm coals
anet RCMP body armour, Thelr testing Indicted that effective pulses would be produced

" when dothing layers wers less than 50-mm compressed barrlers, For 58-mm
compressed barlers results wera Intermittent- and for 63-mm barrier clothlng the
device falled to operate effectivaly, ?

All tests on human belngs In the reports/ studles have been conducted on fit and
heaithy people with normal heart rate and biood pressure conditions, None of the large
seale studles examines the effects on aggravated / vielent person who may have high
heart rate and blood pressure conditions, abnormal heart condltions and/or low skin
impedance due to high parsplration. . .

None of the reports obtalned analyses the direct effect on people under the Influence
of PCP, alcohol, amphetamines or any other drugs, A casa study published In a March
1591 JFS article-describes 16 fatalitics, after Taser shocks', In a letter to Chlef Nell
Ferdslary, of the Hamfiton Polica Department, USA, Dr Robert Stratbucker, Medlcal
Director of Taser International, dented any suggestions that the Taser contibuted to
the deaths, Dr Stratbucker painted out that the case study did not apply to the Taser
M-26 hut analysed cases from another manufacturer’s products built in the 1970, Ha
also sald .. it is Important to note that the authors found sufficlent evidence to rule
out the Taser as having playlng & causal role In all the 16 fatalitles” ¥

The TASER International company has a 35-page Medical Safety Informaticn document
on its website.f The document states that In-depth animal testing has been undeartaken
at the University of Missourt and “this Is the most extensive madical safety testing of
any less-lethal weapon known to me.””?

The one reparted case of a 8-10 weeks pregnant woman miscarrying the foetus after-
belng ‘Tasered' Indicates that safety on pregnant women ts not proven, ® 1t should be
noted that this report dees not Involve the M<26 Taser currently under evaluation. The
M-26 pulse width, current amplitude and pulse frequency is different to that of the
earlier dovica that Is the basls of the report, Or Stratbucker wrote to Toser
International refuling the claim made In the jourpat thal “The sequence of events
suggests & causal link between (Tasering) and riscarriage”. ® Again Dr Stratbucker
affirms in an affidavit date 15 June 2001 to the Stata of Indiana superior court that “it
{the Taser) cannot cause the loss of a fetus”, -
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"The use of electric weapons has been Yinked to torture and Interrogatlon, % “There Is
therefora some potentlal to make a claim against the police after belng ‘Tasered’ in
support of clalms of torture or post-traumatic stress disorder. 2 .. ..

Injuty thrasholds, the effects of Tasers on the nerves, methods of satlsiying people of
the risk. of resplratory or cardiac arrest as well as the degree of blood-gas comection
required to minimise these Hsks ara unknowd, * .

Mr Bleetman, a consultant at Blrmingham's Heartland Hospltal conducted a review of
all medical literature on electric weaponry for the Northamptonshire Police, ¥ As part
of his research ha was shot with a Teser, *I had concerns about the barbs belng
dlschatged Into people’s bodles at high velodty and [ have concems that barb strikes
to eyes and other sensltive area of the body do caiy Inherent risks” sald Bleatrnan, Ha
alse bellevas that police should use the weapon, ¥ —_ .

A repurt of permanent damaga to the spinal.cord and braln following discharge of an
anti-theft device n a person with a spinal cord stimuletor mplanted has heen

_ recorded," However this antl-theft device output s not directly comparable to the
Advanced Taser, ' )

Armed o non-armed violet offeniders frequently have aktered mental status dug to
Ingastion of drugs and or psychlatric finess, The use of a Taser on top of this may
cause paranold delustens, *

However, tha Schizophrenta Digest, September/Gctober 2000 stated that the British
Colombla Schizophrenta Soclety voted to support the Taser “as an less lethal option for
police dealing with the mentally 1°. *

Whan analysing any possible deleterous effact of the Taser the Issucs ta ba consldered

re;
{2) electric shock due to device currerit and ]
(b} tissua heating effects from the power output,

Hote that voitage s not highfighted as an lssue. Applylng a high voltage with nagligible
current can be disreqarded in most situations, Walking on carpet wearing rubber shoes
on a day with low tiomidity can easlly generate a “static” voltage of over 20,000 volts,
This will provide a nasty shock when tuching an earthed object, but Is not Inharently
dangerous, ’

Fatal or dangerous electric shock Is due to current flow through the body. Significant
current from a high veltage source will result In Hssue heating, A common example of
high voltage and high cutrent resuliing [n issue damege Is a lghtning strike. However
even low voltagas can be hazardous [n’ certahy elrcumstances. There are cases where
hearts have stopped beating effectively with anly 9-volts applied directly to the heart,
This Is dus to the current flow through the heart. The level of cument fikely to.cause
electrocution, or excesslve ssue heating, Is dependent on amplitude, pulse shape and
the length of Bme that this current Is applled. :

An Australian Standard (AS3659:1991) has been published to provide guldance on the
effects of current passing through the body, ¥ This standard (s baslcally Idedtical to
two intemational standards (IEC-479-1 and 16C-479-2) published by the International
Electrotechnical Commisilon (IEC), but AS3859:1991 Includes additional notes and
appendixes for Australla, ’

The Standard telles on tests carded out n the 1960s and 1570s. A Blomedical
Enginaer, Alex Watson, coordinated much of the Inltial human research In Sydney,
Australia. The tests were carded out on a large number. of elderly patients undergoing
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‘open-heart surgery. It can be argued therefora that the research data is very much

“worst case” and has 3 large factor of safety bullt In compared with the normal
population, This work was published In the Medical Journal of Austrafla In. 1973, 7

“This standard was wiltten to Identlfy currents in the range lkely to cause ventricular

fibrillation. Ventrlculer fbrilfatlon (VE) Is a critical heart rhythm that, unless treated, will-

cause death in ralnutes.

“The current that Is required td cause VF is dependent on the length of time for which
tha current Is applied and the frequency of the current. The graphs provided are for

. frequencles of 15 to 100 Hertz or duration greater then 10 milllseconds, At the 10 ms

fevel a current of up to 500 millliamp Is consldered safe, or In the words of the
standard "Usually no organlc damage lo be expected.” *° .

For frequencles abova 1,000 Hz there Is litfe date, The Initial work assumed that
causes of VE would result from altetnating current electrical malns (AC) - 50 Hz in
Australla and Europs and 60 Hx In the USA - or direct current-{(DC) from batteries or

AC-DC converters, It was assumed ak that stage that high frequency current was not .

an lssua when conslderinig causes of VE, The heating effect was weli known from: high
frequency electro-surgicel unlts but was not ralsed as a possible cause of VF, This has
fiot changed slgnificantly as the Australfan / TEC Standard states that, for frequerities
abovae 100,000 Hz thera *is neither experimental data nor reported Incldents
concerning the threshold of ventriculer fibrillation™,

The meastired and calculated frequency for the Taser Is between 45,000 to 50,060 Hz,
The Standards graphs Indicate that the current required to cause VF 1s 14 Umes
greater at 1000 Hz than at 50 Hz. ‘This means that at least 7,000 mA Is required to
cause VF at 1,000 Hz. Extrapolating to 45,000 Hz gives a VF value of at 70,000 mA -
several times the “worst case™ current of 20,000 mA deilvered by the Taser.

There are other phystological effects of Taser to bo consldered in addiion to VF,
Cardlac arrest, breathlng arrest and heavy burns may result from excessive current
over a significant Ume. Tha short pulse length of the Taser output makes cardiac and
breathing arrest veiy unlikely. Resplratory arrest difficulies are reduced by the
automatc 1-second de-activation after 7.5 secands, which is then repeated for each
subsequent 6.5 seconds of tise. No reposts were found of cardiac amest or breathing
arrest solely from pulsed high frequency current at tha lévels produced by the Taser,

To evaluate possibile harm due to heating effects from the'power delivered by the
Taser we compared the Taser output to that of an electro-surgical unit (ESU} and an
electro-convulsive therapy (ECT) unit.

ESUs have been used In surgical pracedures for many years, Early types using “spark
gaps” wera In regular use by the Jate 1920s. "% The £SU Is now an essentfal tool in
any major surgesy, High-frequency corrent Ts used ta "eut” or “coagulate” Ussue, ESUs
are used In open-heart surgery and have no deleterlous effect on heart aperation,

In the “cut” made bigh frequency current [s applied continttously to Ussue and cuts It
llke a scaipel, ¥n the “coagulate” mode the high frequency cumrent Is applied In pulses

to “seal” the cut or to stop blood vessels from bleeding, The pulsed nature of the Taser .

means It operates dloser to the “coagulate” moda than “eut™ mode, The shallow
penetraifon of the Taser probe and relatively low total power output makes any
stgnificant tissua butms very unltkely,

ECT has been usad regularly slnce the late 1930s ta trest severe debliitating mental
disorders.?® ECT has a chequered history - for many years it was used to control
behaviour and net as'a medical treatment. It 1s @ device that applies high current
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pulses across the braln by placing an glectrode above each temple, or between one
ternple and the middle of the forehead. In 1938 Uga Cerletti and tudo Binl wers
reputedly the first to use electric cumrent to Induce a seizure.In a delustonal,
haliucinating, 5chlzolphren!c man, 2

With EGT the curtent pulses are applied for around 30 to 60 seconds - constderably
longer than the 7 seconds that the Taser Is normatly activated.

Comparison with non-medical devices was also underiaken, There Is an Australlan
Standard (AS/NZS 60335.2.76:2003) for electric fence energlsers,?! Flectric fences
have been tsed for many years fo prevent unwanted access to restricted areas, usgally
by anlmals, Obviously the fence needs to be safe if accidentally contacted by humen
belngs from children to aduits, Typlcal cutput voltages on com mercial unls ara around
10,000 volts® The Australlan standard dbes not specify voitage, but provides current
Hmits of 15,700 mA or 5 Joules per Impulse, The slngla pulse specifcation is sleflar to
that of the Taser, The major difference Is that while electric fences have a maximum
pulsa repetition rata of 1 pulsa per second, the Taser I¢ set ta 15 pulses per second.

Finally, the effect on implanted davices neads to be consldered,

Tha possible effects on an offender fitted with a pacemaker Include malfunctioning of
the device during defivery of shocks — If the pacemaker detacts these pulses as cardlac
abaosrmalities, 1t may Inhibit bradycardia pacing, o treat sensed events as elactrical
nalse, resuléing In the delayad detection: of a potenttal tachycardla arthythmia, There s
alzo tha potmntial of physical damage to a pacemaker of fead by the point of the Taser,
and the energy delivered could reset the progmmmed parameters of the pacemaker,??

_Papers published by Roy & Pedgorskt In 1085% and 1990 reported that VF had been
induced In & plg with an fmplanted pacemaker, This occurred when the highest-power
stun guti was used on sallne-moistened skin of the plg. Hawever the power stun guns
tested had voltaga outputs greater than 150,000 valts and cusrents of up to 140 amps.

_Far compatison, the mexims we meastited on the Taser wera 41,000 volts and 18
amps. (A maximum voltage of 50,000 volts is specified In Taser documantation.)

Fish & Geddes acknowledged the Roy & Podgorskl paper In a "Commentary hota on
the effacts of stun guns and tasers” published In The Lancet fn 2001.% Geddes Is
calioquially known 2s the “father” of the modemn pacemakers. His corament that
*Further research on what other cardlac sffects tasers and related devices wotld have
on peopla with pacemakers Is needed” may indlcate that he considers that pacemakers
and Taser devices have evolved since 1989 and the earler tests may not apply to
varrent devices.

Tha pacemaker issue needs to be put into perspective.-A modern pacemaker s
designed to raject large amplitude nolse and to stilf function catvectly vihen an external
defibillator Is used to deliver an energy pulse many timeés greater than that of the
Taser, The pacemaker [tself Is Implanted In a “pocket” more than 6 mm under the skin
~ that fs deeper than the Taser proba will reach, Even If the Taser probe did reach the
pacemaker, Its titanfum shell is strong enough to prevent the Taser probe penewrating
the devica. There (s stll the possiblilty that the Taser dart could make contact with the
pulse generator lead. @ This possibility Is quite remotq due to normal lead placement
well below the skin, but 1t Is enough to recormmend caution whet using a Taser onv a
subject with & pacemaker,

_ If the Taser probe did reset a programmable pacemaker the effect would be reduced
cardlac output, The pacemaker would not stop pacing, but deop ta a lovier than normal
rate, In his lotter Dr Broughten Includes this as one reagon for persons wha have been -
“Tasered’ to spend some hours under medical observation’,
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.“ihe UK. Assoclation of Chief Police Officers states that “The evidence for the damags
or disturbance to lmplanted electrical equipment such as pacemakers Is limited and
equlvocal —ba aware of the potentlal, risk of damaga to the davice”. z

‘tha Taser webslte states that a pacemaker manufacturer (Cardls) tested a Taser at
thelr Medical Laboratery In Florlda and that the tests confirmed that the Taser wiould
not damage a cardlac pacemaker,”® This statement that Cordls testing would not
damage implanted pacemakers has also appeared {n other articles. ®

aser Intarnational has tested e cutput of the M-26 unit on'a 70 kg (150 1b) plg, **
The test showed that the M-26 Taser output (s extremely unilkely to damage an
implanted pacemaker or Implantable Cardloverter Defitrillator, ‘The measured energy
dellverad ta the pig for each Taser pulse was 0,29 joules, Tmpfanted pacemakers are
designed ta cope with high-energy pulses from defibriltators, which are now typleally
150-200 joules (biphasic models), {Older defbrillator models dellvered up to 360
joules.) : . .

The Information for General Practifoners Taser Notes advise that "The medical
Implications of use of the M26 Advanced Taser In the operational trial by the Police
have been reviawed by an Independent panel of dinlclans, and thelr statement was
part of the evidence canslderad by Goveament prior to the decislon to suthorise the
tial®. ¥ Thesa notes also state that the maln physlologleat effect {s. paln and that
“thare is no evidence of any long term dinlcal effects of Taser use™

Civil rights organtsations Iike Amnesty International,®®' Uberty (UK)Y* and The
Guardlan newspsper have not found any significant problems to report vath the
Taser. Thelr maln concerns are ensuring that the devices are “medically proven safe
before Mtraduction” and that they be used only where firearms are the only other
sption# Desplte the safety record of the Taser, 7% of citizen complaints from one
area oftrga USA ware related to the 0,2% of imes Tasers were used as the restralning
method.

Deputy Carlos Tores of the Hlllsborough sherlifs office In Tampa, Florida stated
“Criminals In Orange’ County have become aware - and afrald - of the tool. Tust the
sight of tha Taser's red laser scope has caused some suspedts to surrender
Immediately,™

The U.K. Musiim News on 17 Aprif 2003 reviewed tha use of the Tasar M-26 hy pollce
In England and Wales® They referred to the oplnfons of Uberty and Amnesly civi
rights grotips as well as the Herifordshire police,

One website Indudes a discussion on ways to defeat or neutrallse the Taser” The
_ most significant suggestion was to wrap yourself in conductive foll. (To he effectiva the
folt needs to ba thick enough to prevent penetration by the darts.)

Another website reported results of an Engllsh test where a Taser was fired at
mannequins covered In SC gas.™ Apparently In 2 out of 7 tests the mannaquins caught
fire, Although this was only reported on one website it Is certalnly possible for a spark
created by any means to fgnite a fammable gas, The same precautions would apply
with the Taser near flammable flulds or materlals as for any other device that can
produce a spark,

Confidantial Paga B . 22 Sep 20_03
011478

TASER Internatlonal Research Gompandium 4th Edillon 03708  Section HE International Research 57 of 497



RELEASED UNDER FREEDOM OF INFORMATION VICTORIA POLICE

Advanced Taser M-26 Safety Analysis

Coummiaryof lleraturesurveys - L. o teeee oo
No proven conngction has bean reporied between use of the Taser and subsequent
deaths of offenders, .

There are no tomprehsnsive studles relating to long ferm physlological effacts on
subjects who have been hit by a Taser dart. ’

There Is no comparative electro-physiology literature that mdlcates the Taser electrcal
output Is beyond currently published acceptable imits. .

Sacondary effects such as fire, muscle spasm, falllng over etc also need to be
considered,

since completing the above evaluation a fourth generation of the Taser has baen
released - the X-26 Taser™ This niew model has advantages of slgnificantly reduced
size, welght and power while retalning the non-lethal Incapacitation properties of the
previcus model, Wo have not tested this unit but, If the manufacturer’s data Is correct,
ft Is a superior unlt In terms of useabliity and dovinioading of usage Informaticn via a
USB dataport., The shaped pulse discharge waveform i5 deslgned to maximise the
disabling effect on humans and may not bs as effective on anlmals. The
manufacturers trials showed the X-26 to be 5% more effective on human subjects

than the M-26 model with |ess subject disorlentation during the stun” phase.”®

The X-26 uses 2 Gv custom Llthiurn battery, Obviously these batterles are nat as
readlly available as the “AA” alkaline batteries used in the M-26, However Lithium
batterles hava a 10-year shelf life and the manufacturer estimates that a hattery will
provide power for approximately 300 Arings. The X-26.has a display showing the
estimated battery lIfe rémalning. 3t Is recommended that operating protocols for tha X-
26-includes a battery replacement procedure - for exampla replace the battery when
capacity drops to, 15% or when the battery Is 8 years old,

The X-26 Includes “drive-stun” backup copabllity to dellver pulsed enargy directly to
the hody without having to fire the alr cartridge, If an air cartridge Is fitted thls must
only be done after fiiing an alr cartriidge. The X-26 will also work In this mode with no
alr cartridge In place,

I} the Information from the manufacturer's Taser webslte I8 correct then our
concluslons that the M-26 power output would corply with electrical safety standards
also apply to the X-26 In the normal operating mode, We cannot comment on the use
of the ¥-26 In the “drive-stun” direct contact mode as no. measurements have been
carried out usTng the M-26 In this mode, All our calcutations assume that the power will
be delivered vin the normal alr cartridge.
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2. Th?@!f??ti.‘;-_al‘ﬁ power. éél_gqla_t:ions?{ﬁ:s_iﬁﬁg
provided data ;. R

The second stage was to calculate the theoretical power output of the M26 and
compare with two medical devices accepted as safe ta use on humans by trained
operators. Davices chosan for comparison were an electro-surglezl unlt {ESU) and-an
electra-convulsive therapy unit (ECT), Both these devices have been In regular, routine
use In Hospltala and clinles for over well over 50 years, We also compated the Tasér
output to that of an eleciric fence.

2.1 Calculations

T 7
;L: 088F 21 o Y fimmn
Traretormer l Body

rrom the data avallable for the Advanced Taser unit; wa could assume the faliowing,

The diseharge path block diagram as shewn above, .

Tmpedanes of the secondaty Windlng of the transformer 72R + 2X 21R (Impedance of the dart
wire), o

For otr calculations & fs assumed that 100% of the energy stored In the capacitor Is transferred
to tha secondary windings of the transformer, (Neglecing losses in the transfermer gives vs &
wotst case scenarlo.)

The open crculk voltaga of tha secondary Is 15 kv,

Typlcal Impedance of the human body (21,000 Q.

From eatfler fest data provided; the output is a demped sine half wave with peak current of 18
amps with a pulse width of 11 pSec. ’

Energy stored in the Capacitor =faxcayv?
. =0,5 X 0.88 x 10°x (2000)*
=1.76 oules.

Body Current flow measured with 1K resistor = 18 amps (peak)
= 18 % 0,707 amps {mis)
= 12,7 amps {rme)

Power wasted In internal lmpedance and dart wites A B%R
={127279)*% 120
= 1,9440 watts (1,9440 Joules/sec),
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Pulse duration = 11 pySec.
So pulse energy wasted = 19440 11 x 10¢ Jou!es. = 0 21 Joules.

Actual power iransferred to human body = 1.76 0.21 Joules
55 Joufes/ Pulse,

2.2 Additional Calculations

1€ Pulse duration = 11 pSec, (half sine viave),

Then frequency = 1f {2 x 11 % 10%) Hz = 45.5 kHz.

Firing algaritim of the Taser unif => 10 to 5 pulses per sec.

7.5 se¢ ON -> 1 sec OFF -> 6.5 sec ON -> 1 see OFF = 6.5 sec ON »» 1 sec OFF -> 6,52ec ON

- 1 se¢ OFF ->3 sec ON,

1F the Taser outputs 15 pulses per sec then,
Tola! energy delivered to the body = 15 % 1,51616 Joules [ set.
=23.2 watts (Joules [ sec)

‘Total body current = § o) =P mergef R)
= (23.1924/(1000-120) *
= 162 mAmps (rms)
the [pitial

@ 15 pulses fsec 2> 15X 7.5 1125 pulses,
Approximately > 112 pulses,

Total power delivered to the body = 1,54616 % $12 Joules,

=173 Joules
For the 6.5 sec ON perlad, ’

@ 15 pulses fsec > 15 % 6.5 = 97.5 pulses;
Approximately 2 97 pulses,

Total power dallverad ta the Fody = 1.54616 x 37 Joules
= 150 Joules

confidential Page 11
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2.3 Frequency Factor (Fy) e e

standard provides graphs of the threshold cutrent for the refevant physlological effects at
frequency Fcompared to the threshold current at 50/60 He 1~ 28 Bg 11 on paga23 of tha
standard (varlation of the threshold of ventricular fibriltation withln tha frequency range 50/60
Hz to 1000 Hz, shock ~ durations longer thait one heart perod and langltudinat current paths

" through the trunk of the body) Is most appropriate to use In this application, The giaph shows

the rallo of current required to Induca VF at frequendles other than 50/60 Hz, We can use tha
xnown values from the graph o create an equation that can be used to extrapolate to the
Taser frequancies,

101 1
0 .
1000
20 T ' —&~Janes
H 1 ~—Power
£ 1 ALl {Sortasi)
§ 1o ST Hy y= 00000, 241
> — ] T B2 0.8094
£ ] =
Ll ] .
: g Wl —-Q*} i
0 | H 31 1l
il {00 1000 {0000
' Froquancy {1}

The above graph Is reproduced from the data on ref ¥ AS 3858 ~1991, pages 20 to 23, The
equation fuaction of Excel s used to Frat45 kHz (the expected fundamenta! frequency of the
Taser devioa discharge pulse), ‘

Note that this analysls assumes foads that arf.;. purely resistive. Tnductive and capacitiva effects
have not been considered. .

From the graph =>

. Best fit for tha predicted graph for higher frequencles obtmlned from power serfes equations.

The equation predicted by Excel s Y = 0.0309 * KO ( Fom 0,030 * (Frequency) 299}

So If the frequency Is 45000 Hz then Fy= 0,0309 ¥ (45000) " = 404,

TASER International Research Compendivm 4th Editlor 03108 Section Ill. Infernationat Research
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2.4 Analysis on varlous Electro Therapy Units-

T

2.4.1 Electro Surgical Unit Pulses

ESU model: Forca—2 -> Valley Lak -> ME 1885,
Coa .

Coagulation frequency = 500 KHz, -> damped sine wave pulses,
. ( ) Repetition Frequency = 31 KHz, Bursts,

Approximately 16 puises per buests
Tn one second 31000 bursts,
Maximum output power 120 watts.

Onsa hurst power = 120/310040 watts,
= 3.87 m Joules.

*One burst has 16 pulses

So the pulse power = 3.871/ 16 1n Joules.
' = (.24 m Joules

2.4.2 Electro Convulsive Therapy Unit Pulses

ECY Modlel: Thymatron — DGx. «> Somaties -> ME 2318.%

ECT output ~ squara wave pulses, pulse width of imSec and repetition fate of

70 Hz {14.28 mSec.)

From the graphs provided
. Load current for 500 1 load ls = 0,76 amps,

( . ) Therefore the singte pulse power = (o.?&)ﬂ 500
. =289 m Watts
Energy delivered per second = (0.76)1 * 500 70
. = 20,3 Joules
Contfidendal ) Paga 13 22 Sep 2003

011483

TASER Intemational Research Compendium 4th Editon 03/06 Section IIl, Internatlonal Research ’ 62 of 497




-

RELEASED UNDER FREEDOM OF INFORMATION VICTORIA POLICE

Advanced Taser M-26 Safety Analysis

2.4.3 Electric Fence Energisers

Flectric fenca energlsers ata used In propeity fences to protect the animals,
These untts are commercially avallable and can ba purchesed and installed.
There ae several Austallan Standards applylng to electrlc fences. The most
relevant with respect to the comparison with Taser equipment Is ASINIS
603350,2.76:2003 *F and the previous verslon AS/NZS 60335.2.76:1998 “

Both abovo standards requre manufacturers to comply with the range of -
options to minfmilse the danger of electrocution and subsequient death.

Current limited energlsar characteristie limit line curvels given by the following
equation. .

Impulse duration (mS) = 41885 x 10 *x (output cureent (mA)) LK.
For 1000 mA < output current < 15700 mA. -

For comparison with & Taser unft we con usa the maximum specifications listed
in the standard, assuming pulse durstion of Imsec and load Impedanca of 500
ohrm, ' .

Max Qutput Current allowsd = 2.815 amps [peak)
{caicutated usiny above formutae) = 1,99 amps py

Max output power allowed = [2x R = 1,9921,99% 500
: =1980 wats

Therefore sinale pulse energy = 1,98 Joules

Comparison of the energy delivered by each unit.

The energy delivered by the Taser unftls re calculated for tha Impedanca of 500 G since
avallable date for the two medical devicas (ESU & ECT) Is based on 500 G toad tmpedanca,

: - Eiectric Fenca |
Uslng 500 2 Load Taser ESU ECT Energiser
single Pulse Power (fn m Joules) £,062 0.24 250 1,980
Pulse f butst Duration ' 22 psec 32 psec 1 mSec 1mSac
Tota Energy delivered to the
body I 1 Sec,(joules) 15.% . 120 20.3 1.98
Confidenkfal Page &4 12 S5ep 1003
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i

- 3. Measurement:‘'on supplied Taser: M26
The last stage was e do a practical test of the devite operating Into a dummy foad to
confirm our theoretical calculations. Resuits were compared with mits specified by

' Australlgn Standard AS3859 - 1991 - “Effects of currant flowing. though the human

body”.

A ia} unit supplled by the FBIS Intemational Group was tested in the Blomedical
Engineering Department at Tha Alfred hospital over thyee consecutiva days. Tesls were
carrled out using both batteries supplied by the company and off-the-self batterles
from hospltal stock. Testing including using ofder battertes that were near end-of-life to
observe the affect of lower battery voltage on power cutput. The higher valus test
reslstors wera placed In an ofl-filed bath to prevent voltage breakdown, Shivaparan
sivasubramaniam, B.E. {Blomedlcal & Communications) carrled out the testing In the
Biomedical Engineering Departmant, ’

3.1 Test Set-up
[} —— L, point A
T
A Resktive
5 Load
#
R
Sensa resistoy
} | pamanaadiis AP
\\l’olntB .
__LGND .
Inital Inspection
Advanced Taser

Model Not 26—~ 08/02, Sfo: P3— 000204, .
No cartrkdgesfwlres & pins/darts wera suppliad with the Taser Unf,
The Gap between Contacts ~ 34.31 mm

Laser pofnter ) )

Class THA Laser product, {Cornplles with 21, CFR 1040,10 & 1040.113)
Max Output: SmwW

Wavelangtht 630 — 680 oM,

Confidentlal Page 15 22 Sep 2003 0 l .i 4 8 3

TASER Internalional Research Compendium 4th Edition 03/06 Saction fll. International Research G4 of 497



RELEASED UNDER FREEDOM OF INFORMATION VICTORIA POLICE

—,
Y

Advanced Taser M-26 Safety Analysis

o Energizer A sizs, Alkaline, 1.5V (X & In one pack] LRG = AM3- L5V
s Duracell Ulra AA size, Alkaling, 1.5V (% 8 In one pack) MX 1500 -LRG - 1.5V
+  Energizer {Industriat) AA sfze 2010, Alkaline, 1,5V (X & In ona pack) £R91- LRG
_—AM3- 1.5V .
Hote: Taser was supplied with battery patks 1 & 2 anly but the voltages of thosa packs were

12,57 Volis and 12.10 Volts respectively, Battery type 3 was fram our lab stock and with these
new batteries fitted battery pack voltage measured 12,90 Volls,

Testequipment -

Oscilioscopa

Tektronles Model: TDS 744 — 500 MHz — 2 G.samples/sec. : . .
HV Proba

Tektronics Model: PEO15A -~ 70MHz -» calforated and checked,
Nowmal Probe

Fektronics Hodel: P6133A ~ 500 Miiz ~8pF -> callbrated
Muttd-meter

Sumgtt -~ SOM 783,

Sansa rasistor °
10 (1,20} resistor used to sense the current fow through the load.

Load resistors
Varous values of resistive foads were used ta Investigate the behaviour of the Taser unit under
difterent foad conditions. - .
Valua Actual value
(expected) - | (measured)
200 R 1992 R
JOOR 2968 R
500 R 494.0 R
1K 1,015R ..
5K 5010 R
18K 1001 K
confidential Page 16 22 Gap 2003
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gal for the o5 and measyrements wera, |

AM3- 1.5V

Energizer (Industrial) AA size 2010, Atkallng, 1.5}1 (¥ 8 In onie pack) EN91- LRG ~

Kay Observations’
' ‘ B:aitevf pack vas very difficult to load and unload,

s« Battery pack voltage drops very quickly (battery pack with new batterles
measuring 12,90 Voits dr 1o 12,11 Voits after 6 seiles dlschanges),

+  Intermittent flashovers, atross the terminals, observed with new batterles
installed and greater than 5 ¥Q toad connecied. Note that this was withaut tha

firing pack connected, equivalent to batng used In “stun gun” mode,

3.2 Procedure & Measui‘ements

All measurements ware taken using osclifoscopa at pointé A & B as shown 1n tha diagram

abave, .

Polnt A

Was connected to the high voltage probe, which measures the voltage across the load and itit

Is reprasented by CH ~1 waveform In styeen captura,

Point B

Was connected to a standard peobe, which measures the voltags developed across the 1 R
resistance, S0 the measurements are equal te the curent flowing from the Taser unit, The

current waveform ks reprasented by CH -4 on the screen caplure.

Math -1

Waveform on the screen capture fs actually the product of CH —1 waveform (vo%mgej and tha
" CH - 4 wavaform (current), So Math -1, waveform can be treated ag the power dellvered by the

Taser unlt or power dissipated noross the load.

+
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3.3 Results .
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3.4 Ssummary
Voltage Measurements
?:5’)“3““ 0199 | 0297 |.0484 | 102 |s0r {100 | | 500
Batt. Voltage (V) 12.90 12,45 12.80 12.36 1200 231 1211
Perfod {uS) 19.62 1984 2044 20,31 2657}  28.13 26.25
BrstWd (uS) . 2598 26.07 26,33 573 498] 424 5ozl
PR-PK (KV) 550 7.44 1132 1820 48.40] 62.20 4100
Max (KV) 3.30 4,52 7,16 12,20 40|  4i80 28,60
Mean (V) 14 28 16 160 350 260 320
RMS (KV) 058 0.77 1.16 1.85 496) 6,32 4,30
Current Measurerments
Reslstance | p,199 | 0207 | 0494 | 102 | 501 |00 | | 501
Batt, Voltage (V)] 1280 12,48 1280 1236]  1ze0| 1231 12,11
s perdod{us) 1 - 1958 19,87 s0.44] 1908}  20.00| 2188 20,00
BrstWd{us) 25.09 26.02 26.28 5,66 4.83 4.27 4.88
Pk-PK(A) 25.50 2367 20| 1717 8.33 6.33 8.33
Max{A) 1537 14.33 13.83 1150 567 4,17 5,67
Mean{A) ] 0.03 0.02 0.03 0.10 0.0 0.05] |- 005
RMS(A) 2.69 245 223 1.73 117 063 0.85
Powey Measurements
Roesunco | pasg | 0207 | 0.494 | %02 |'s01 | 100 | | 50
Balt. Voltage (V)f 12,90 1245 1290 1236] 1280 13 1211
Petiod{us) 9.54 9,40 9.40 4,06 3.67 4,01, 3.59
BrstWd(us) 14,56 14,46 14,55 4,06 3.67 4.01 3,59
Pk-PK{X ) 5.97 12,36 2694] 48.6i] 42541 56,11 3778
Hax( 1) 5,83 11,94 a7l arn| 4139 ss.o0 36,94
Mean(ind) 178 322 539 a72 atq} 1,722 806
RM5(Joules) 0.76 1,49 EXT 54| 46.94] 7058 41.67
Confidental Pago 21 22 Sep 2003
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3.5 Comparisan of energy delivered by Taser unit and
ESU, ECT & Electric Fence Device

Unlis compared are:

1, Taser- Flectrical stun device {Model; M<26) - no datt supplied

2, ESU--Electro Surgical Unit. {Vallaylab modet: Force2 3

3. ECT - Electro Convulsive Therapy Unit (Somatics medel: Thymatron-DGx)
4, Commercially avalfable Electrle Fence Energlser '

Al measurements In the following table ars based on 5000 external reslstiva load,
Calculated values are thosa derved (with noted assumptions) from dats supplled by
the manufacturer, or published In Joumals, Measured data refers to fest results from
our faboratory measurements,

: Electric
500 22 Load Taser | Taser | ‘Taser ESU ECY Fenc
Impedance Calculated | Heasured? | Heasured® | Calarlated | Calewisted | Eporglser

Cafeulated

Single Pulse Power (in .
mioules) 1,062 3,110_ .2 ,820 .24 280 1,980
Total Energy deflvered in
1 Sec,(Walts) 15.% 46,7 42.3 ) 120 20.3 1.98 .
Pulse Width [ burst .
Duration 22 pSec| 20pSec| 20pSec| 32uSe¢) 1.OmSec| 10mSec
Frequency 4S5 KHz | 407 Kiz | 407 KHz | 3L.0KHz| L0KHz|  1.OKHZ
Erequency Factor (F) 402 438 438| 289 139 139
Current mAss over 1 178 306 306 490 201 53
second .
Current divided by Fy 044 0.76 0.76 122 0.50 0.16
Fffectiva % of normatised 9 . .
cuient to fnduce VF 4.9% 1.5% 1.5%% 2.4% 1.0% 0,395

3. divect connection to sutput dips + equivalent to “stun gun” mede )
b . after afiowlag for wire reslstance of 42 £, energy delivered via Taser darts for total 500

‘The energy delivered by tha Taser unit Is re-calculated for an Impedance of 500 0 as available
date for the bwo medical dovice {E5U & ECT) Is based on GO Q load Impedance,

Frequency factor F, = 0,0309 * (frequency) ***! (from earlfer calcufations) .
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Conclusion .

Tha alm of this project, In accordance with tha original meeting on 9 December 2002
and subsequent e-malls, was to undartake an slectrical safety analysls of the Advanced
Taser M-26 EMD device and is not a product endorsement. We dld not conduct tests
on, or check the accuracy of, the firing machanlsm. The project was restricted to:

(a)  alterature review

(b)  theorelical calculation of output snd verification that this complies- with
Australian medical device standards

{c) practical test of Tasar output Inte known best reslstances, This is a devica test
anly - tha firlng mechanism and probes were hot checked

{d) comparison of actusl measured Toser output to calculated} outputs of common
i_ﬂgh electdcal output medical devices and domestic equipment

(6) medical recommendations concerning post-use checks on a person after
belng Tasered

A thorough investigation of avallable tnformation regarding Taser usa was undertaken.
This Included correspondenca with the U.S.A. manufacturers, thelr local agents,
members of the Victoran Police Department and searches of websites that are
consldered conservativa with respect to technology changes.

The pawar, voltage and current Taser outputs that were provided by the manufacturer
were recalculated by basle principles, These calculated results were compared with
recoguised Austrailan/New Zealand and the International Electro-technlcal Commission
(IEC) electrical safety standards for the application of electric cutrent to the human
body. The Taser autputs wera then compared with soma typical medical and domastic
equipment, As shown In the table (section 3.5), the Teser output is less than 2% of the
normalised current fikely to produce ventricular fibrilfation.

Body Ussua can be damaged when electrclly is applled. Tha démage can ba caused (n
two ways - by heating tssue and by chranging the heart-rhythm and causing changes
In blowd flow around tha body. ’

Tissue heating ¢ deliberately used in devices such as electro-surglcal unlts and
diathermy machines including ulirasaund. Tlssue heating effects are determined by the
pawer applled over ime, The Taser delivers less power In 1 second (67 watts) than tha

. electro-surglcal unlt - ESU - (120 watts), electro-convulsive therapy (ECT) unit (283

watts) or defibrillator (now typlcally 200 walts, but previously 350 waits), Tissua
damage from the Taser Is-therefore expected to be less thtan that from other routinely
used patlent treatment devices, (The electric fence energlser has only dne pulsa per
second s0 the heating effect Is minimal at 2 watts.)

Electrical current flowing through the heart can cause more serfous complications by
changlng the heart rhythm. The complication of most concetn Is called fibrillation. In
thls case the heart ceases to pump blood around the body, Flbrillation results from
current flows within a cettafn rangs. Current amplituda and frequency determine this
range. Current Australian Standards norminate & fibiltation thrashold of arotind 50 mA
for normal 240v 50 Hz mains current,
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The cutrent required fer fbrillation increases with Increased frequency and the Taser
pulse Is very shork. It requires approximately 400 times more current from the Taser
than from 50 Hz electrde malns to cause fibrillation. Multiplying the 50 twA by 400 gives
20 amps, The current tables In section 3.4 above show that the maximum RMS current
‘measurerent Is 3,2 amps. This provides a sianificant factor of safety of greater than 5.
For comparison, the electric fence may have an output of 2 amps but at a much lower
frequency and the factor of safety Is less than 1 using our conservative approach,

An clectile fance was used for camparison with the Taser as typlcal for a davice n
refatively common use with no requirements for operator training. The single pulse
energy deilvery Into a normat load frem an electrlc fence Is higher than that from a
single Taser pulsa. However the Taser has 15 pulses per second compared with one
for the electric fence to provide the disabling effect.

Practical. testing of the Taser over three days confirmed the theoretical calculatfons, |
Note that the fiing device was not tested - only the Taser electrical oulput Into test
louds, The effect of battery voltage on Taser output was measured and typlcal battery
ifeltme checked, This showed that a minloum of six seres of discharges could be
achieved from one new pack of 8 AA slze alkaline batterfes,

The conelusion reached Is that the output of the Advanced Taser M26 Is below the
fibriltation threshold set cut In the Standard. From an electrical safety viewpolnt the
device presents an acceptable risk when used by tralned law enforcement officers in®
accordatice with the manufacturers directons for use,

Thanks are expressed to Shivaparan Sivasubramanlam for the theoretleal calculations
and practical testing described above.

Inciuded in the report is a letter from Dr Archier Broughton, Speclallst Cardislogist, Dr
Broughton recommends that e person who has Been “Tasered” be admitted to the
Emetgency Department of a Hospital. Dr Broughton's concluslan Is that "It would be
prudent to routinely observa alt *Tasered' offenders for 4-6 holrs Ina sultably equipped
hospital emergency department,”

Since completing the abova evaluation a fourth generation of the Taser has been
relzased - tha X-26 Taser, Thls new model has advantages of significantly reduced
size, welght and power whils retalning the non-lethal incapacitation propertias of the
previous modal, We have helther seen nor tested this unkt but, If the manufacturer's
data Is corvect, It will be a supetlor unlt In taims of useabllity and downleading of
usage Information via a USB dataport. The shaped pulsa discharge waveform in the X
26 Taser Is designed to maximlse the disabling effett on humans and therefore may
not ba as effective on animals, The manufacturer's trlals showed the ¥-26 to be 5%
more effective on human subjects than the M<26 model with less subject dlsorientation
during the “stun” phase,

The Denwer Police Department }ecenﬁy obtained 96 X-26 Tasers and Michlgan’s city
catnel} approved 50 X-26 Tasers for the Steriing Helghts Police Départment, *

Joén Séuthwelt Dlp. Comm. Eng,, M.BA,

SMIE(Aust),, CPEng {Blomedical}
Blomedical Engineering Manager
The Alfred hospltal
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