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The Distributed Force Measuring Set for Personal Body Armor Testing
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Abstract

This paper presents a designing of distributed force measuring set for testing of the personal body

annor type IIA (9 mm, 8.0g,314m/s). The employed transducers are designed for this purpose. The

designed transducer consists of an air cylinder and the moving permanent magnet bar in order to transfer

input force to voltage with Hall Effect sensor. The Hall Effect with low-cost provides a linear output voltage

and quick respond. The obtained analog voltage from the transducers are converted to digital signal data
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with the Data Acquisition card then passed to record at the computer. The recorded data is computed and

plotted in2 and 3 dimensions with LabView program. The experiments are carried on to measure the impact

force from the gun fire. Then the results are compared to the tradition method according to NIJ standard

0101.04 which employs Roma Plastilina No.1 clay. From the experiments, the satisfactory results are pro-

vided.

Keywords: NIJ Standard-0101.04, Type IIA, Roma Plastilina #l clay, body arrnor, Hall Effect Sensor,

Force Transducer, LabVIEW

1.u1ni-l
,

4rtlu
n1: Yt9r dolJldo [n : 1s ooulJ 0 { nu n: s qu

I
o I lJl s 9, aAd
tu il : e tm f, tYt t,u u o'1.1 0't ? f R 1 : Yl 9r d0 u ru I gt : g ]u

--i I u
1o{ NIJ Standard-0101.04 [1] cx.lttU{:UqUn'l:

yletGtouet'uJ:vdrnilruqurr:.r1Jo{n:v qufl u 6o

:ud'u I, IIA, II, IIIA, III Itau IV srtrucirriu d'rfii6
y^9

n1:ylefl ougt?fl nl:u{ldorn:]vlu:su3 5 [rJet:
I ar 4 4 - ti -.(0rnilorun:vuonilufi{tfrotn:rv d'.r;rJfi t) lqu

199
44 9/ a o o a
vt tdo tR : 1 v ft R : o.t ft ? u n : v il & fl u u 1 lJ u fl 1.1 fi Roma{

iarrl4
Plastilina No. I FlO Yltl 0 ?'l tl'liltnilcvllJ l9l: gIU nO

It h, 4 u
n:vquno{ truiluqlcYotn:lu ltCIe:ouqufl?10{
& i- rny 4 o 3 - q 'ordo rn: lvvt ?9r tq 0 lnn?'ltJ n n1 0 { au u ltJ u til tnu

++ fi afirrun: uoifl qrrfi nld'ud'tu: nlufl olriu
4 o I rn o i iqYq 4
no tulj:urYtf, [YturJd0ruYl Yl t5 tunl:Yl9lcToljtJ
et q Jc, " 1i

u o u tu n1: yl 9t dolJ ttlJU u91 0.1 Yll fl 1: tu a uu
olaao@

9l 
-t 

t n4 u { n 1 : u.t n 9r d o u u u I u u'l tJ u 4 n n : { tY{ :'l s
I

6u rirriu os tfi a grJ dr.r r d"r o r n q n8.r tta u do {
dctA4uds,i

Yt I fl 'l :'l 9r fl ? 1 il a R n ? utfi : o { tJ o ? q a s to u a t fl u t{ n Yl

ue/U I i
tn trJ dt tJ I : it tt da.: n I : n : v 0 1 ulj o.1 tt: { lJ u td 0

vttA y u I 14 tqr'
rn:te tgr Gr{10uaq{nal'l 0ud-lul:flul tu tss?u

999

1 u n r : o o n r ru u t t a v fi'eu u r rdo r n : r s'l d 6 n fr'.r riu
o o Utr4 |

nou tunl:Yt9rcYouYll tq [il6Iuq?n

a, n-ato{tu:tlouulruu

/

:rJfi r iGnr:nndoil6'?unr:6.rrdorn:rv

:rJfi z Hanr:mqdoiluuAudtfu

ornfl iyu16'lncirr rfl ufi ru tto { nr: fifl u-l

"&rlae o o nrruu d51{Eq nl:il actoutd0tn:1s nu

n : e du il : s rn m tn :'r v €i o u rnjo ldlu tfi .r irn : r v r{ fi



c1sdls5flcnssumdosslduonadruqs 61

d] u 1 : 0 rrdgt { n 1: n : y 0'l tJ lra y n I : gu$i'? t o { rdo
q | --at- oo i q ya qe)

tn: I v tu : ut [u u lJ 0.: n : tT't n d I u tJ 9l rT{ o tl.l u n ] : lu
j. l4,9)y qtct a JA

.t'ruYt6Iyn?n tlas t9t10ilarut [u tunt:?rn:lyl.t cx.r
v.dl49o a ?v AtnCro

u m n'l I u u t 9t u't yt :'l u d9t ? [Gro : ?9t I t:.1 yt t9t il I n 1 :
finuroo nrtl 1r t2-31 rL rrirnr:il:v gneildiqnr:

4 - 
'* ot

fl :V01Utt:.lUUtfYOtn:lynUn:eqU tqU t'fm:lU
v

-A dq S a e v
dq?tcro:yt.:t1u9125 sq lqun:tud9l?lryoi I 9t?

9ry

0v ifl r r: { n : o u n q ru fi u fr 0. 8 et I: t.: fi ? Jq ur i.: 6 u.r
y 4t -a , J i;nutilu 5 9l?9t0[t0? yt.:1.ttJ9t 5 tto? n:ounqruiluyl

m I do u n I : R : v n 1 ur [:.r I o,: rf; o rn : t v il : v rJ lru 25,
9t1:1.:U',)

99qdtdtrru4
tuunn?]ilu ltu.:00nlilud?uat{6.| 9t{u

4 q - gt A 4 4j j 9 u
no tufi ?loyt 2 0vnot?0{ytquaytrnu?to{nunl:
o I j qyo v v

ft 1 u ? fll l-t I n'l I o.: t t:,1 tll 0 tTd I l-t : 1J 0 0 n t til il qa ? 9t

n'r: n: u 0 rurr:{ rrasil : y [nmfl o.: lfi u rryo ffi rirru r
.v6f ycf d6t - c) a dr

rs luuiln?rilu tu14?1Joyt 3 rilunl:oonrruuqgl

Sqnr:n:vor0r[:{ luxixuruaRl:ilqaordrtauo
quYA-gtAdtl
rul.t?10yt 4 [[ayil?lJ0yt 5 rilunt:dEilr.tant:

vl9rcYou

aid ,'
2. ilquanrn€J?flo{

dar. dii 9 u o I
Ytquay'l dndmtnu?lJ0{fl ]J n1:fi 1u?iil?nfil

t tr { (force) [ tc s n ? ]il Fliu (pressure) rrto l#tu n r :
ooRrril u ryq iu rr:l n:vrryr n rfrr fumqdourd40

vrdlaa
tn: tv nu n: y rYu 0 tJ t.t tJlJ : v dm In ty'l

2.1 ll:{ (Force, F)

4it<
tt:{?rutuft.l fl 1: n: y yl 110,1 ?nqHu.l9OO n

y4iuAaqelv
xnq?tu{ cr{t[:{0u}tuluttJt{a nr:oa{ til?nq

i irnr a Y '
rn a o u yt tlj 9t I u yt f, yl t.t 1' o.t r r: { rTu I pr afi r r: I rfl u

fA d vu5il]fllyn.tt?nlao: ttaynt:uonqfl onuily

ta9t9
ta fl 1 v o u t': du u : ill 1 o.: u : { n y 9t 0,t il : v n 0 il 9t ? u

fl u r q n^fl m'l.t I ro y 0 q d r r:,: n : u dt dIrJ I i n rit u ?n.t

rr:.:olnludunl: (l) [4]

F: ma (1)

l-4rdras4
lqu F: r[:{ ilt{il?uriluutsr'u (N) r?o (kg-m/s')

a: et?turd{ firrirurflu to/r')
drdtas

m: ru?A ililU?UtilUn t0n:il (kg)

A JA , J
2.2 nlfl nooilliltJofi?'liltt{n{ri

y A iar 9 t) |
0 10u n'lntfl a 0u ytnJ urdu9l :.: I ?un ?1ru[:,:

iarirSjo
fi { Yt 9r ?'l tJ t: ? 0 y ril a uu I rlj a.: dtJ'l rdu o rtJ 0 tm u u n il
r?a] [4]

-)lr = Vo2+2a(x-xo) Q)

1 i- - d | 4 | dr I a d
t9 uYt v : 9t ?'l lJ 15 ? ]J 0 I tJ tJ l.t u ? util u uJ 9t : 9t o ?u tyl

(m/s)

dYdrdtrad
v^ : fr ?llrri ?9t u tJ14u ?ulilu [tJ9l: 9t o?utyt (m/s)

0

.'.iV<rtlr
x : 91]tllflJ.lt:ll9lU tJl.lU?U[1JlJ tlJ9l: (m)

0

orY4rdr
x: 9llttilU{qnillU lJl.lU?UtlJlJ tUgt: (m)

23 n]:nauaslilrilud',rl

arjrs
n]:qnno nt:[lj6lrjullila{ truriluetru [4]

P: mv (3)

Jqufi p: Jrurruud'ru

F(t-t):mv-mvo (4)

Iqufi r, rr:{fir.nj'lurfluu^triu (N) rio (kg-m/s'z)

dtai
v : lUl.lfl?llJl;?1Jo,l0qn1flil t: to

0

dtdiv: []-JUfl?]ljt:??l t: t



02 c'rscns5flcnssufl'l6odsruuonadryu,S

2.4 n?1il6'u (Pressure, P)

v4-i
n?l:J9rUlf ulUil{ tt:': nqqul0{01nlf,Yl

o,il
RtsYtlgrol{uYl I 9t1:1.11'1il?U [4]

P: F/A (s)

Iprofi r''u:rfiurjrutflufirdu N) nio (ke-m/s'?)

ilr

e: fiufi fifirirurflunr:'r.rnJer: (m:)

P: n?rrud'u ilrirurflu N/m' 6o rirto.t

ilranra (Pascal) rfiuudo'ir Pa

lu
2.5 nln?rilgrillJ19r: g'11{

" 
,j d I t

tu:ilvt 3 ltdft{fl ?]ildrufl un:v?l?1{nl
tt

n?ru6'uil'rel: gru P (rgflcm'?) fiur-irrrinfi nefru
s 4@ | a & A I v

mc (N) t 9r Uu gl ?t tlj : fi 0 fl u Yl 1.1 u'lgl 9ll, o.: n : v u o n

qu A, - a. (cm'?) [+]

P : mg/(A,- A) (6)

z.o aoadrdv'ltv'lnnrdutqoi Grau Effect Sensing

device)

ao CIdt6 r,l tv'l n vr ldlu nr: n : I o {'u n rrrut{ru
tdiutdd

I O.r dulu rrrJ ril a nctr{ 0 rfl ulj : 1 na n l: il aoa a

rir 1 #r fi pr n r r ru si r.r f, n eiri r m uj.: fi u-J 6 o u t t il a { fl I il

n?rilr{ilro.r dutrutnjnrdn tst firdrd?trfi or{r

1 n dri r n r r ru si r.r f, n tlo v r fi ru n' u n't u 6'',, u u G ) r r si 6'r
o Jqrrq 9t r q J o i t)

u 1 { ? [9r [1 1 tn A n'l n ? 1 il 91 1{ fl n u 0 v tll tl I u Yl 1 { 91 ]u

il ? n (+) n r r ru si r { frn tifi ujd uu l:J fi n'l r ru ri'ru r{'u d

fiu n'lrru r{lrr o{ duuJt tritn 6n uio nrtil ?t u tt tilu
,9 d I a - !

ilaflcxttlJtflanfl.:u

B:(V-V).K' (7)'o

,i ^ i A e-
; il yt 3 [11n un n t: a n v{uvll4 1-l lglfi fl 0 { n: v il 0 n qil

s j 4 | v I l4 14
lfl uYl vo rionttruntlflfl uljotv ttJtJ du ltJ

rd4rqldrd
t tU t14 d fl ; V fi o n ?'l lJ 9| 1 { f, n Ut flt s u Cl lJ 1 lJ t ttJ tl{ d fl ;

, A u l o o/ l4 d I d1 S dl

K' nodillj:vdiltn'lltJ t? lJlju?utlju t?aflno
49rdA

til dA 1 (V/T); B flofi ?]:JtttJI 0.1 du'llJl [U lfi A nfi : 0
, ,3 I r d a r dr-.---

fi ? I u ?1 u 1 t tu u T'l n n cxl [tJ t14 a n il il u ? utu u tm d a'l
r , - ea^ J :' i a

(T) n r n ? r :J 9t I { fl n u m tfl 9l fl u 0 v tT{ u 1 u l{ : o a a CI.:

du o qj fiu : v o v r'i t.r : v n'j r { a u r ru urj rr fi n fi trir t n d'

r?tror

;:Jfi + (n) Unipolar head-on Mode (t) Bipolar slide-by

ttae(n) Push-Push approach

(tl 1

(x)

(r'l )

Effsct Distanc€
fa-->l Magnet

Zfl+-+ ffi
l-Jr{ Motion

I

Motion'i-=4ffilMxnet

l.-51;,*-)l

OistdGl<.+t
F--------------41F?-dJ

Tfl<."*



x1sfllsoflcnssumfloss.luuona5ruqs 63

s o tt tq q dd | | 9)n?u'ln:srrd tlllltRtu tu a0aar0y{ry{nm 6'l
_-!q 9t r q djuy t9 t\n
0u rnnnln?luen{f,num tq0vq{ rret0log tnant

to.!a;4tuja
fi ? 1 lJ 9l 1,1 flR u 0 s n 1 a il 0 u tff a o tm 1 n u n t { ?t u{ I o {

! 9,! !A' q, qt Jd I

n ? r ru ei t.: dn u fr d r rJ 1 fi n r : I f a o a 3i r d v,l r v'l n vr

rirr.riu nr: sr : ? 0 dou $itr [r ril uio n r: rn do ufi if;
9l

-+- 4r d 4 s I I
fl u g I u 1l.l'l um qq n o n'l t ? q n ? 1 il [t rJ I o.t du llJ t til

d'
lrdnttuu Unipolar Head-on Mode d,:grJfi + (n)

d?U?fltuU Bipolar Slide-by [[6lV Push-push
-riApproach q{Ailn 4 (x) rray (n) [5-8]

3. nr:ooRuuuqn;ont:n:sotuil:.r
utdq
iorqil:v alnlu nr: oo nrruuEfl ;n nt:

4
n:v01ur[: {fr o d]ru15ofulr:.t1oqn:yqufl ulu
:s$i'u rrA (rJ:yrurnr 186 u^.lpi'u) dfiur.ruqu,,ru

d uty I '
r r a y : ? q ri ? 

"[ d' vr io ru ri',r r r dfl { fl a 1 u n : I fl n do.t
^44ttayd]ilugt lflotrdq{nt:n:yn']uut,t rtay:out u
vo

d"r r o.: rfi o rn : r v lpr uuq ifi R r 5 n : y 0 r ur r:,: il : v n o u

1rj6'ru + cirudo t.iruiurr:.rn:yrrmn 2. ylz1u
a dv

a d r a rry o i in r r r,: 3. ii ? u fl ii'cy cy r nr'l yl rt r o r n
a/

il:rudd?rcroi uas +.riru:iuvr'ndril:yru ro ruo

lroy[[dft.lr{a 6'{ufi on'lqourln:ulu:ilfi 5

leau[[3 i

trl
qonlfienr

titu: rrflrurir
rl litlldo1l1llt rl{t
It1l.t(llt[1{ dr'l

-l-a
qnnirr
tuiri{ru

I
I

T;t'Iruucirdra

s [:ad
Hall Ellbct

Seusor

[.] Da,"

-Acqtisition
j

".#**"

grJfi o Eoiurr:.rfl :vrriln

tv
3.1 d?U:uil:.tR:suiln

q---.-.-. u 9)lu n t: o o nltuuE9t:ult: { n: yttm n9to.t
_o,4 4 d r ddl
n1u'1 0.: fi ?'lu r[1,] tt:.: I o { q il n : cu tilu fi a n
A io

tfi o.: 0I ntt:.: fr tnq o rnnr: n:yttil nIo{ n: v qufl u
daAtvo
u n ? ]ilt: ? tta y I utt:.: cr{ d?u : u tt:.t yt'llJ 1 0 I nq

dudo
rrdnrnord'uEurrfi{dtu?u 2s qe 6'.:grJfi o rrri

vt,d4 4u I v
A Y SO tJ 1I U Yl : U t t: { til 1 nil 0. 8 91 1 : -1.1 

U ? n : O U fl A ru
t)tyAdlaAl

T{ Uyllj: VtJ tilJ 25 9t t: l.tu ? l.t i0 il : ytJ tiu 4.032.3
ajioo

9t1:]'t[9xu9tuJ9t: : guy n]:tnaouvt 50 ruaatrufl :
^'--d-..o-.- f4 9) - y
fl til ntilu9t tau t0'lnt{ant: ?qn?tilRit{10iI

t,

ro uquei?1r o {rf;orn: ry fimn aoudran r:1d
fluuluuul9t:gtu

a dv
3.2 il:-tUflO?tcu0:?Oil:.i

a du A r eAYt:lUCTn?ter0:?9trr:.t riluqiln:at14
-s----ta-A l.i I ju y-
Ynfi u lmrun uurrlJc.l rr:.: 1l tn : u 0 I nEn i u
t t : { n : v r r m n 1 #rfl u d'iy iU i ar 1 v,hh (r r :.r 6'u 1 d rt r )
4adddqrd

ru 0 { 0'l n n : 1 u dq ? tero : yt il tu yt 0.: q a I I ru : 1 n 1 t til.:
-{ q 4u I qr) a docr{ [u.: tu?0ugto{ tsyt:'luda?[9xo: 01u?uiltn

I

il : v ru rar zs d'r 6 n fr',r n r : rJ : v q n ril#.r r u'hj ur ru r v

-,-.y-.- 9 u J o ct o 4
6Til n U n ? I ru n 0 { n I : 9t.l u u 0.t 9t 0 { yt -t n I : f, nu 1 t ta y

grJfi s rfi onlnovun:ruqninn't:fl :u0trru:.1



G4 c'rsfl'lsSflcnssuffldodsrouonaSryqS

^ aJ * dr I

0 0 nt tu u Yt : tu d0 ?[exo: I u il tto.l [ 9t utJ d?u ]J : u n 0 u
q q d u t i- .^ a
9r.rttd9t.1 tuiln 0 n tn0v t [n:ild?uYl 2 Yl: ludn?tryo:
i-uuuYA
yr o0Rlruu 0u olfluH annl:1o{9r?: u I 1{:olcru

d ld r 
' 

io
tctro:ttuu a0natoTltY{nm ilru:lnlQR 9louduo{
ddta9qa

r: ? rla&liluru{rdu Yl r.l1u:?runu n:eil0Rqu$u9l
aA

do{rlnuqu cJ2w 16-45 ilannl:no tilon:uilon
ji4ra

du rn a o u 1l 0 u u lJ : tJ I tu a ru o 0 n u 1 9r'l tJ : v u& n'l ;
A i J " iqvr,r r

tnaouvtlo.ln:uuonqil 0'lnuuulauil tgl tiln?u
j j ,4 r d A

q u n 1 : tn ao u Yl lJ 0.1 t tYl { u 9r t ttJ til a fl il 1 ? : vl d] 1l I : il
zi ivrye q I - - - a a

rna-oufr't6luo'n:rdru 1.0 : 0.2 fiafinrsr: (qefl
| | 4 r d zi q9q | |

tt: {9tottYt{uatliltil4 n0 l?: ) lil0 t5 tu n1: [[ua {nl
A 4 ra ara Jq 9 dr a vl t},l t)

r r: .r vt [lJ u lJ : il ] iu v{ d n d tr til u t [:.1 f'l u t il il I 9l ? u

dd | |

F OnAtOY{tY{nYl

e e r:ldn'l: o 0 Rttuu E9r d: ]n tt:'191 lu ttil u n I
9r

n^u ilr fiu 0 v d { il a fi'u tt:.r fi gr n n : s Yt u o v'lri
o q 9u .i i,,r rrn Y

d'l lJ I : fi Yl'l t 14 ? fl Q tn a 0 u n [ il t 9l : v u v Yl 1 { 9l I tJ
tYzisd4vv49

t{nlj0{[t:.: tu0{nln?nQrufl 1]iltq0 u 9l{uu0.l9lo{
'v

odAoq
il I n 1 : d 0 u [Yl uu : v u g Yl 1.1 1 o.1 9l u u'l tJ u n u u9l ? fl

nt: n:s 0'ltjtr:.r d'.r;rJfi e

,i dd | | a eA:illl 8 U0AA[0Tltl',,lnmtryutctro:no0nltulj

o5lol5rx25A33
r:;antrtdtrlitl"tu (tuu.)

,; a a ! - t-.-.-t.
i il Yt 9 n r : d 0 u tvl uu : e uu Yt 1.1 fl 0 { 9l u u I lJ u n il qn ? n n 1 :

n:s0tutt5':

S.f ciauYurio{a @ata Acquisition)

ci r u fr {o ry n rir u r?r fi fl ri'cy q r ar 1 v'hfl r
irnc, a dJ ^- -- i-4^.^"y^.^
vr 

-[6 
0 rnm: ru dq ?tryo:Yl { 25 9l ? ry{lilU6Tiuiu ltll

siorfio.r fiiofirGun'jr "dqcyru ouIaoR" rirnr:

ru rl a .r hi'rfl u ri'cy cy r u o i n o a t vli o il : v J u ryd 1 u n t :
riu yt' n ri r I o c t t : .r d r nJ a.: o qj 1 u g rJ t o.r r r : s d'u 1 v'hh

rfi oldlunr: rirurar rrayudeirfl asiohJ 6.rlu
, Jst o I d zi_ __^Y

d? u u 9r o.l 1l'l { I u 9l ? un ? I ri t: ? q{ [u 0'l 0 ] n fl 0.1

odrvt4
rir n t : r fi u ri r ri'cy iy r ar "[ v'hil r fi rfi n fi u t u tr a r td u r

aJ --- q , iq-Y-
duornm:rudq?tryoiYt.t 25 9t? lud?ul-l ts Data

i u dou lff!u1 strnr rtotduirritn"rlninnttit tolatn I

;rJfi z qnuJduuFirtt:{tfl uail uavqodft.:rt:{dru



)1s€r1s0flcnssum€|ds$louona5ruqs 65

Acquisition PCI-Card {u CItztsU flo.:u;fyl
-i<tvyr<

AdvanTech ilil1O.::Udiufll0lOilldOn 32 SO.l u
vdvl

d fl : r n r : t fr u ot'r o d x t o.: dry i! I il (Sampling rate)

500 ks/s

s.+ ciauriufi nnir rj:vruaae{a uavudo.{rua
,

luciaufi uri{oonrfl u z am6o rirufi riju
! !- A a / ' j

€t]: grtt?: 9l ?t9t : o{fi oil v't ?tgt o : ttay d?u il tfl u

ryor,{viurf Inal#]il:un:il Labview lunr:6qeio

r r a v ;u ri r n I n ri r u iu {o 
ry n ru r riu m'n r nao 1 dl u n r :

rir u r ar r 16r s r rder { e{ n n : r v'l fl n eir u iu n r : irn : r y ri
a

n I t n : y 0 I u t t:.: I o.: td o t n : 1 y fi'u n t y d u gi o 1 rJ

n ? r il r r il u o u I o { Eet dit { r r :.r d'r u ri'.r z s rir fi .: 1 d

ttun nt: dt{tu otit.r 6a: v lq €Jld precision pres-

sure Calibrator Druck DPI OOS fiEirunr:doUlfiUU
9 A' u 4 i

tJl9l:g1illtn? mUlUnl:?91 0.0 0.1 0.8 Mpa Ylfi?tu

aur60n 0.05 Mpa ruafio rfrurryoifi'{ 2s li'roiilu
rJ-rer : g ruqaosrcjru nr: 1d.r rud'.r gilfi t t

lu riruror aoadrdy,lr?'lnmrdu,ryof fi ldtio
v

zs 6'r riu fi n r i il rrn n rrsi.r d'u rii n fu fl ? I rJ ?r u I
tr.lrdi

tt u u 1 0 { t 6Yu [t:.t tt tJ [1.t a n t u 0 { 0 t n 1 ] q n ?'t ru,
!qau4oqyr@4re

t tu u 0 u tu n I : gt 9t 9l.t 0 { yt 1 [1-t un a y fl ?u u I u n I : ?91

^-i----_--'_-_-- t4 | tu v dt a 9ilttnnfl t{nu lil trglu{n.::nutn?tulilutry{ldu
ln/ e ,i

tot t? 9t.::ilYt l2

Pr8r!ft Gr!a. Crfrn&. Rcrrl. (Toterrrc. r/, 0.O1 Mt.)

a

gilfi ro Eninnr:n:rorou:.r

4. ruAnl:nnao{

4i
ornnr:ARUrfi drrauol:Judr l:t ld{o

-,_-r.<- - g, o jq yq v I
cTqurnfl ?nurytfl unm ts lunt:9t: ?0 0illdurr:.:
. -!. d J d 1 | d dt
t t u tfi n fl I 0,: a o a o to 1l tll n il t9r u tcr o f : ? il n u Efi
gr' I iar a ry 4 4
: U-CY{tt:.1 yltlJ Utry{ [dUSt qnfl O ttlJU Push-push

4-14-y-9 | ?q}tv :Approach 0{ [9lUltJllJtyUnn tUnUnttmAAO{U
I vt tY d de

il: y n0il tu9t?uEfirgxutcf 0: ?fl nt:fl tv 0 ]u[ t: { 25 E9l

d.,'

nl: dOiltfr Uil Pressure Regulator ri'lf nf o.f

rJ fu rfi au r r : r d'u ru r or : g r u riu rfl u fi .: fi si lfl u tlfi o

Pressure Clllbrotor {}lpa)

ri
glJyl I I flAfll5d01Jt11u1J Pressure Gauge

a

)a
!

o'tgorriotor tllll Effect sder rft x s-r

gilfr rz druni:irlro.r Hall Effect Sensor



GG rlsffls5flcnssufllflo5sruuonaSryqS

9l'ltJtJl9l:glulJo.1 NIJ Standard-0 I 0 1.04
t

'l drir n r : vr q ao u Fr^u ilr fu Roma Plastilina No. 1

,) r)
9t?flQnEilrl4cn1ur9t 1,043 + 5 n:ru mn?lruq{ 2

tl
daagrtl

rrJgt: T0utJUmtnnlun0{09:v1{?r.r l9 + 2
AA4ry
il a a til 9r: l-t:0 0I n1u ?0r 14'rn'l tt: { 911u I o.l

u,
Vl 9 r u a @gtuu'tilu0u lgrrmtnu 1.076 u?gru olnuuillnl:

9r' aAd u @ v
yt 9t d o u 9r ? tJ't r rn u ? n u n u E9r ? q n 1 : n : v 0'l u [ [ 5 {

u 4 VtY I u 4 4 4 |

d'nJ r : 0 ?n n ? ril a n t9 rYr r nu 30 il n a [u 9r : 1.r : otYl I
- A u 4t 9/ | u
nu tnto { ?a n1 : n : v 0 lut t: { il n 1t t:.t 91 1u tm'l nu 682

99

fi r ri'u fr'.r co.r r rn n ei'r { fiu il : v ru t nr s zx d'r riu do.r
o d I I o 3- q

Yl'l R'l : d o u [Yl u u : v 1.1 ? 1 { [ t : { 91 1 u I o { 9r u u I ru u n u

ryn ;q n r : n : u 0 
-r utt: { d'{ : rJ fi t : n d'.r o I n lit n I :a{

9)d'A
yr9t douo?uaR[uo nilu ?1tfi5 0{ d1}J'l: 0ttd9l{

U

r.r a n : rr{ fl n r o { n r : n : 3 t r u r [: { t ta s n 1 : qrl d'r ld
d'.r:rJfi 1 5 fi d'{orndtnr:rJ:-rrfi uu ri'u?6

il r sr : g'r u r I dr6.r rir rn i o.r iq n t : n : v o 1 u I t : {'l il

drnr:mqaord'eunr:0.r fiu trniurn: rv Iq ulu
99AY9)^vaov9lad

t1J O { 9t U 9t 0.1 U.: n U q U U 1 tJ U 9l ? U ? r il I 9l : g 1 U n 0 U
9rqY rq | 4 t4 | d tl u d

lilrlu [0?rrdo[n:tv ttJilvq lil0U0{nun?tiltdu
-Ar'tunutn: o{?a n1: fl : u 0-lult: {

/ a !- -
n1: doutYt uu: &14 ?'l.ltt:.191 1u1lo.10uu1uu nu

Tfl?fl n1: n:v01utt:.1

,i d Y I d
:1J11 l4 n1:d01lr11ulj9?UAfl fl illilAnos

rnr (l)

,j:illi l5 n:t?lndo{ttasdltJtJgl flo{nl:n:silutt:.1
v lr ,J 6

[[a3nr:qiln? 01nn]:ilo0uQnqil[uan

I

;rJfi ro Eq;ant:n:v0lult:.tdlnl:nadotltdoln:lv
fi'un:vqu

&
2

c

.G

:rjfi r:



c1s€ns5frnssumfioss.tilJon8dfur{S 67

q A qY | | ja
lu n'l: ytI d01Juu tTtrruutn:1y 0 0uyttJ
dArS9tu^

fi?ltJn4utj? u9tffqu tlav tn:{d:t.lgt1{nu 3 uugl

n^o t. fir'hivro z. frrti'nrrurrdudu rrou 3. rl'ryro
s o a a J JA 4 st9tumtnltuisunay 3 ft:.l ft:{yt I u.lytodounu

I

n'ururn:gruqnt:ytsq nf.r z rrnv 3 8{Jquld
A-sl

lft : 0': ? q n 1 : R : y 0 1 ut t:.1 t 9t tJ ? 1 { t tti u [n : I y yt 9t do il
i_-.. .u u d dl 9
t 9t ugl :.: n u qq : u t t:.: n : y t tm n t ta y n I : ta.: il u 9t 0 {
d qY I d u o I u u

t n { t ?t tlj 1 1 I yt 9l : { n u fl 't 
r t tf u.l lJ o.: 9l ? i t_t t t : { n :.1

nnr{ rnjoaq Ionrafi n:scu oyr{rhJluu?ncu
tua

uo.: ? 1.1 : y 
1.1 ? 1 { a ? : u t t: .: [ lfl a y fl ? cu{ 0 I n : v qu [x I

ttl | 9l o q ta
t il n : il rlj I 0 y yt I t il t n q n ? 1 il Er^ 

q fl n r q 1 u n r : ipr 1 6',

rua nt:lletdourrr,iurn: rvrlol ri'u n:y dufl u
a th I Iyilqfrr"truilo 6aon:vqufluuutet q ,n-. (s.og,

335.87mls) t-tuduu"rfu Roma plastitina No.l 'ld'
4 -- a 4 J " 9tn?]ilofl l5 ruonl]Jgl: 0lRuuytlnl:yl9tdou6?u

A-
tn:o.t?nn1:n:y01utt:ilnuR:ydufl u19 g mm.

)
(8.0g, 336.75mts) rfiorirnr:rrj?uurfi uu lqu

- a 4 U9/ | a a6nrJt:it?nn?tunn tatJ:vrJt€tJ I g ilnGiluet:

g rJ n r : n : v o I u rr : { rra y n I : fl u et"'.1 r o.r #r'hi vr o

rraer.rlug:Jfi l7 rray t8

{o} (a)

rjq
?lJyr I 7 n: ty,l ndo.:rlnyarrurjst ro{nt;fl :y0tutr:.: lras

nr: qld'r ornnr:0{rrr.iurn:rsryfi nfir'himo

n

vlu

!16

40

5

narrunir.r (dr) srrrsre (fit)

;rJfi r a nr:qtd'rro.:rrniurn:rvsu^erft himo

I
4tla4r

ila doutfrorn:tyilo.: ri'u n:y quiluru^el
tly 91 4 Y alp{t0nilu?[rYuflu q?un:vduilu1u19t g mm. (9.0g.

I

346.03m/s) uust^urirfu Roma ptastilina No. t 
nld'

4aaJ.9/
n ?]:J n n 22.2 uaaLun: 0 tnu uyt 1 nt:yt9t dou6.lu

A-
tn:O'l?qn'l:R:y0'lUtt:{nUn:yqUfl U'tO 9 mm.

(8.0g, 335.35m/s) rvl^orirnr:riliuurfi uu Iqu
u 4 bl I

d r rJ't : n iq n ? r ru a n'[drj : v ru t iu 2 5 il'n nru n : ri,: : rJ fi t qq

0

=infi6
|c

IG

40

5

4
J

--5 4

2-
a:ruara (fia)

g rJ fi r I n r : q u or-r t o.r u p.i u r n : r v s fi e #r ti'n uu r r du e" u



68 c1sfl sSncnssufllao5srouonari'ryqS

3 :-**--:-1 2-
4

e:rxnix (da)
00 arrxarr (fir)

'i 
a v

?lJYl 20 fl 15 gUsr?10{tlFllJtfl :lvsufitllllo

t49lqdla
Yt 9r dou ldo tn:'lv u 0.1 fl u n: v quu u 5u9l

9J9J41
"firmo" 6run:uquiluflu19 9 mm. (8.0g,343.73mls)

t

ludurirriu Roma Plastilina No.l 'ldnrrruf;n zs
9l

AaqoYA
il a a tu 9r : 0 1 n u u m 1 n 1 : vl I cYo u 9l ? utn : o'l ?n n'l :
n:y0lrJrr:{firn:vquturor 9 mm. (8.0g,

-joral 4S
340.98m/s ) tyromlnl:1il3 uiltfi uil Jnuarilr:0r91

nlrufinldrJ:vilrnt zz t^afinrsr: d'.rg:Jfi zo

5. dqilflanr:noao{
4A

0 1R n1: dOU tYl UUEgI?q nl5 n: V 0 lUtt: { fl u
,

fiurirfu Roma Plastilina No.t druqn{rurrfin
,9

ru a fi 1 d6 o sr^ u ri r riu q u d'lvi r ri'u t q fi a fi nr n : ri'l u

rn ;e n r : R T v 0'l u t tr { g u d'r rvi r ri'u : o fi a ci^ nr qr :ac
vraouAr9)l

1.t tJ 1 Un ? ]il ? 1 9l U U 1 U U lJ n'l t t: il 9l'l u vl'l u u 1 n n ?'l

Tq;qnr: n:votutt:{

nr: iladouAqttniutn: rvtlo.r rl'u n: v qufl u
l, t a 9.rtn I I u 2 4yr{d]ruil:stRYrfi0 ru] [tJvl0 fl ]fl nltu?tfluuu ttav
tt)dt-al-
ntrmO glrUn:vduilUtul9 9 mm. UU9lUUlilU

Roma Plastilina No.l '16'nrrrudnrvi tfrv ts, zz.z

rucls25 fi afi nrsr: srrru rirdu

I

dru nr: merdouttt'iutn: rvfi'un:v qufr'.r
fq9)YvqJ

d'1ilil:vtnil tult.lnu nuqq?qn1: n: g0luttS{uu
jrn y tat aa

r{ a m t q cI I tJ I : it It fl 9l { R : 1 r'l fl n a o'r tta u d-l tJ tJ 9l

ul
I 0 { n'l : n : v 1'l ut t: { t ta v n'1 5 q u n ?1 o.: t I t{ u tn : 1v

I

[[avd'uJ1: 0rr6ra{fl ?1:Jlretnsir{ riufr's41ilil:smvl
9,,9rvtg/i44!Y-

1O{nr:Yl9rd0il{t{gtu [9t t9luiln?lila ntll1nil I 8,

o@ j j .
25, uav27 fr a fi tu st : n r ru rirpr'l fr .r tfr o rir r.r a fi 'l d

tr)o3-ld4
: v 14 ?1{ nt: vt9rdou 9r?u9luu'lu uu'l[lJ: uutYluu

v

ri'u r.r a r o.t qor iq n r : n : v 0 I u t tr { fu fl a il : r n q'j r

ri r f,i 1 6'ril u bJ t u u u r m r.r rd u ? riu 6 o #r hi vr o fi
q 9l u 4r ,l|Ya-j

n?rild]rJ r:o lunt:il0{nun:v quilu t9lqilqgl
a,9u tl 4 9,1 .

5 0{a{}J lfi 0 ruln nt[u ?tdutju Itav ft 'lvl 09l'lru a ]au
A y tv
Yln?rilQngro.rrilrnil 82.5%

.l iqr o ru I 4 ^ J
d{Yt9ro{mtnl:il: ulJE{ no n]:9l9l9lilE9l

I d 3d t 1 d .-!
t tlJ lfi a n 0 1 ?5 d11.1 : u 00 0 a t0 fl til n m lcxu tctro : n ? 5

o Jola I I ' d
er 91 9r i t14 tJ 9r ? lu l.l u r [ [u u 1l o.t t6l u tt: il I til til a n 1 u

rJiru r su fi rvi r ri'u 4 n 6'r rft o l#fi d r u n r : isr td u I fi'u
dt I -.-y-0vrilunr: dvq?n fl ?]ilQnqo{10.1E91?nn-l:

n: v 0 rurr:.rrflufi.rfi iirrflu6'o.r nr: rJfurJq.rl#
o& o J a d -C-AY 4
9r i u o n vl { n 1'l }J a v t0 u 9l I o il E9l tcxu tryo : Tl 9l o { tJ

tt-aaAar^

rurnfi urn^0il : v lomilunr:Ttn: rsfi ru4fr 6n'irteuJ

ri'r u fi a q cir il :-u nr a.r r u i i'u fi rir tau o n^o'ld
Ayqv

rn50{9ruttuil [unl:?qn]:fl :s0ltjtt:{ ttavnl:
-&ua'dqugr?1o{t6io[n:1sfl uR:vquuuqtn:lvoou eril

u o 14 | u q Yd I o

rJ{ aru r: 0 ul [il Y{ 9N u 1 t14 il n ?'lutttJ u u1tta v

- & vcto "l A v 4e
dn o n r n q I t u'[ Ft 0 n Yt { tn to.: 9l u t tu u Yl u'l tdu o

tu I ct I Y ----,-- id
d r ru r : 0 il ;u rJ q.r hir u ru r u d il ri'u {'l u Yl el d o u Yl tJ

d'nu ar vndrafirrJ : v rnm6u'ld



x1sfl1s5flxns$ufl.ld05s1ouona6fuqs 69

o. fin6n::uil:snrs
I

Aq 4f4 9/u v a.1ru?0uu tfl :u n1:duuduu0lnd0luu

r{'or u r q a d'r fi R : : rJ fi u, u rril.: rJ : v rm n'l m u

(Thailand Textile Institute) ti'cyryrrotfi Aevr.

o & a llo & & ot ta y dflJ dU uudu .: eu u rfi uu : ru
-4 d ,) ,o-o' 4 i a s

cT9t ? lctr o : 0 I n ?t o.l lJ fl u n n 1 5 do u tyt u lJ [n : o.: tJ o ? 9l

/qsda
flurril Ifl :rnfr uilrTmurd'urmnlula?:rryru.rna

v9u 4 4 d au 4 vIfuq: uon0'rnutoljouniuyttJl0urdorn:]v nu
4/4vn:vqu fl flry?fl?fl :::Jfl-ldgt: u1.r-l1mulau

S S 4 q 4 q s
lmn Iu tau: rsrJ,lfinriulj: Iun'l: duuduu
u | | q u t4

9r ? o r,'r { llru u [n : tv tu n I : yt 9t do u : ? rJ t1J 0 { n o.l
a 9 a o r oj o

il a'l I n 1 : dt u n{ tu 9t 1 : ? 0 t t14.1 T'l 9l yt 0 1 u ? ufi ? I il
jrda

dvfl ?ndoluyr oiln:6u rrauilflatn: [unt:u.r

iladou 
q q

l/a
l0nflt:o'l{o{t

[l] John Ashcroft, Deborah J. Daniels and Sarah

V. Hart, 2001. Selection and Application

Guide to Personal Body Armor. The

National Institute ofJustice's National Law

Enforcement and Corrections Technology

Center Lance Miller.

^ -.!

I2l uyii rqfiilnc^u uas a''fl:#u qnn^fi'ndaqa,

255 I . R-t:oonuuulHtilcr6arryoiiou:s
f cl9/ d d | , d e
tfl u tTaoaatoT{tilnilt.rutryo:. nt:
rJ : v uru rnioriruirrnr :isrn : : ru'lyl fl rq

rJl.t't?ytu'taurvrn JuIa€:rsil{na nf.rfi t
4dAufi€uy?fl?R::ufl]dgt: tJl.f 1?mUlAU

rvrn lulo6:rsil{naf iuqi rJ4rurrfi

t3l us:r raAilnfru rrnv ri'n:fu qnfiri'nfaqa,

2ss2. n't1il: y s np{l#a oa drdv{ rv'l nvt
a6|tod

tcru t6uo : tun't:oo Riluult:-tufl 9t?tcro:
VIAA
?gilr:.:. n1:u:eEru?uln1:Yn.:?ft?n::ru

/ a q a 
" 

lA
flldgtT tJt4-t?llUtAUd.:10tUn:Uyt: n:{yt7

niu vef, 1n: : il fl tdfl f il u rim ura'ud{ ral
a /a q I u

un:uyl: ?1lu'It19t1419 liltu 0.lH?9tdwa1

[4] r{a.o;d Uruur::rJr, 2543. fl ftnd:v6'u
avd

tJlfl ?ytU-lCIuRtfl Rafl 1fl 9|l. fl T.l tyt il.{ :

9 u a /4a ? I
dtunilruilq?: utdldu. 14u1 267 -297 .

t J du e
lsl r:nrr{ pi'.rs5fnf, 2548. tdutryoiuayn:ru

a6arso{: nq ufi uav nr : rJ:vq noil,f;1u

:vuunt:;oilavtsuun?uFttJ. fl 5.lryt v{.4 :

^drir rin fr ru ri ail r n u 6i{ rd;ru tvr n lu I aE
-14 i rr 9/
( ryrrj-iuuu). l.tu] 5l-63.

-o/do+du
L6l druflno n:n?eltlfl:u fl , 2546. fl dnRtfl taynt:

l#srurn*oqnooioqn arm fl rmr. fl i,r ryr rr ",r :

oa4d
dr u R tr lJ tr dil tn il 6i.t rdiru rvr n lu lnE
-14 itr - v
( tmu-ruuu). ?fu'r l7-l-l 7-8.

[7] David S. Nyce, 2004. Linear Position Sensors

Theory and Applications. USA: Wiley-

interscience.

[8] Joe Gilbert and Ray Dewey. Linear Hall-

Effect Sensors. Allegro Micro Systems, lnc.




