ﬂ1‘§E)E)ﬂ!!‘lJ‘]J‘lj‘ﬂgjﬂﬂ1ﬁﬂ‘i2’;%18!!iﬁﬁ’]ﬂ%ﬂﬂﬂﬁ@ﬂ!éﬂlﬂ‘ﬂ%”ﬁuﬂizqu

THE DESIGNING OF FORCE DISTRIBUTION MEASURING SET FOR

ARMOR TESTING

UL manvnau

NARA CHALERMKLIN

a a yd 1 % [ a a Y] a
IneninusiiludunisvesmsanmaundngasiSyanimnssumansuvmiauga
vyl madsaaanssuladh
AULARINTTUAAAT

uInedoma lu Tagssuenasayys

N.F. 2554



ﬂ1‘§E)E)ﬂ!!‘lJ‘]J‘lj‘ﬂgjﬂﬂ1ﬁﬂ‘i2’;1]1?]!!iﬁﬁ’]ﬂ%ﬂﬂﬂﬁ@ﬂ!é@lﬂ‘ﬂ%”ﬁuﬂizqu

UL mavnau

NARA CHALERMKLIN

a a 4 yd 1 & (% a a Y] a
iyt tiudunilwesmsAnmaurangasUSyaimnssumaasuriiuge
Iy su i el iaanssy i
AUZARINTIUAAAS

uIneaema luTagssuenasaylys

N.71. 2554



THE DESIGNING OF FORCE DISTRIBUTION MEASURING SET FOR

ARMOR TESTING

NARA CHALERMKLIN

A THESIS SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF ENGINEERING
IN ELECTRICAL ENGINEERING DEPARTMENT OF ELECTRICAL ENGINEERING
FACULTY OF ENGINEERING
RAJAMANGALA UNIVERSITY OF TECHNOLOGY THANYABURI
2011



Y =X 1

a a J dyd Ay A a Y 4 aw v
’J‘V]EJTHWH‘ﬁﬂ”]J“]J’L!L‘IJuQWH'Jﬁ]UﬂlﬂﬂiﬂﬂﬂWiﬂuﬂ'JHlﬁg’Jﬁ]EJ"llﬂ‘!z‘lflslﬂWHHﬁﬂHWJﬂcluﬂﬂ!g

a J a @ = @ A o 3 aw a a J o dyd o
AIAINTTUMTAANT ll‘ViTJ‘ﬂEﬂaﬂlﬂﬂIuIﬂEﬁW‘]ﬁNﬂﬁ‘ﬁiyuﬁ muuﬂmi}a“lu*mmuwumuuuaaLﬂu
v

a v 9 9

a a [ [ ~ 1 a a 4
ﬁﬂlﬁ‘ﬂ‘ﬁ"llﬁ)\mWW’J‘V]EHQEJL‘VIﬂIuIﬁ?lﬂ‘]ﬁNﬂﬁ‘ﬁﬂluu‘illﬁ%%}’é)ﬂ’NiJG]NG]Gl,U’J‘V]EHUWH‘ﬁﬂ‘U‘]Ju VINLRTIUD

o J (=Y o A o Aav yA ) A Y 9
immmlhmmm@aaﬂﬁmunm’mwm@aummmuaiu%ﬂjmmwm

UL mannau

a a

COPYRIGHT © 2011 AUANT WA 2554

4

FACULTY OF ENGINEERING AULIAINTTUANANT

~

RAJAMANGALA UNIVERSITY OF TECHNOLOGY THANYABURI  wn1aneaoma Iulagssuenatylys

a



o a a d
Glmmmmmuwuﬁ

a d
AMUSIAINITINAIAAT

unMInendanalulagvuenat iy

o

HUHIIT

da a A ¢
210138NUS nE Ineninus
o A A
Ju 1aeu 1 Naev

aaunaoy

a2 a ¢
AUSNIFINNIADUINYTIUNUS

msaammm;ﬂﬁ’ﬂmiﬂﬁzmt'u,Liaﬁ1w§umﬁam§mﬂiwﬁu
nIEgu

THE DESIGNING OF FORCE DISTRIBUTION MEASURING
SET FOR ARMOR TESTING

WeUZS1 MANNAY

1149604020119

AINTIUAAATUH T UNA

Fernssululih

Jranssusiannseiinduaz Insaunau

A3 A3 Hy gaNindana

6 WAL 2554

weoslszyumainisngsu i augimnssumany

unangdema IuTagssuanasyls

5L 1UNTTUMS

NITUNIT

NITUNIT

(A58 anI 19158 A3, TUNNIG AIA0IA)
AMUARUIRINTTUMNEAT

A
U N.f.

=).

U



Y
% a a d @ ) [ o
T‘i’Jslsl}E)'J‘ﬂEﬂ‘HW‘lr!ﬁ ﬂ']i’E)’l’)ﬂLHJ‘UGIgﬂ'Jﬂﬂ?iﬂi%ﬁ]"lﬂlli\iﬁTﬁﬁUVIﬂﬁﬂﬂlﬁﬂlﬂi?%ﬂu

NIz
ANk WUZI ImANNAY
stadszdi6 114960402011-9
Seyan NI TUANAATUN T UNA
1IN Aeranssu Tl

a ad a
HUUIAINITNBANNIotindas InsanuIAN
Umsdnm 2553

d a a J @ [ Ao J
ﬂ1%1’§ﬂf§ﬂ'3ﬂﬂ3~l?‘i’lﬂ1uwuﬁ AT.AATVY FDNWNDY AN

UNAALo

9 Y
A o [

endiwusihinauemseonuuuyaiamsnszneussdmiunadoudonsgiunsz gy

v
= U

Uszinninsizdeniiszdu A Tumstlostunszau vua o fadwas w9 8.0 n5u finnusa
NILYU 341 WATABIUIN AIUNINTFIUYDI National Institute of Justice-0101.04 (NIJ Standard-
0101.04)

Taeldmsmadnwes Sauseii 1deonuuy Fedsznevdrenszuenguimiiisunss
saufvgoaaianduses (Hall Effect Sensor) ﬁﬁﬂmgﬂ apvaue U5 nazthnsaduly
drunmssudimihiilunsudasamsanszumnlfidunssdu i Tasusadulnfion
mmﬁﬁamaé’ﬁxﬂuﬁmymmazmaaﬂ%gmﬂﬁaug‘ﬂuﬁ’q;mum@%maﬁaﬂizuums?fmaﬂﬂ?@i?u
(Data  Acquisition) Mazasr1ulddearutiuinaivealysunsy LabVIEW  1szuiana uas
wanaraluneuiinmesaoTil5unsy MATLAB 4401305291005 3052umAvaudemtziian
nnnszguaziaaslugveansifinaeuazada eudaansnszateuswasMiguiIves
idoinse Tagordonsnl3eniousu3sunnsgiu NI Standard-0101.04 iiinmsnadeuuAY
1{133}1,! ¥1A Roma Plastilina No.1

Haf 1d1nn1snaasededlenszguiluese gadian1snszarensaiesnuuaINIT0

(]
k4
A v

= @ < {1
HEAINANI 1IN NUINITNTZIBLT uazmﬁqummmmmmwnumz’qu"lﬁlzﬂuﬁmwaalﬂ

[

v Y
Ad Ay : NIJ Standard-0101.04, 1/521An7 1A, Roma Plastilina No.1, 10N 1znunsz gu, g008

Blandues, nuaduwesIanse, LabVIEW, MATLAB



Thesis Title : THE DESIGNING OF FORCE DISTRIBUTION

MEASURING SET FOR ARMOR TESTING

Student Name : Mr. Nara Chalermklin
Student ID : 114960402011-9
Degree Award : Master of Engineering
Study Program : Electrical Engineering

(Electronics and Telecommunications Engineering)
Academic Year : 2010

Thesis Advisor : Dr. Chatchai Suppitaksakul

ABSTRACT

This paper presents a designing of force distribution measuring set for testing of the soft body
armor type IIA (9 mm, 8.0 g, 341 m/s) by refer to the tradition method according to National
Institute of Justice-0101.04 standard.

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 with
the Data Acquisition card then passed to record at the computer by LabVIEW program. The
recorded data is computed and plotted in two and three dimensions with MATLAB 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 provided.

Keywords : NIJ Standard-0101.04, Type IIA, Roma Plastilina #1 clay, body armor, Hall Effect

Sensor, Force Transducer, LabVIEW, MATLAB.
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Test Variables Performance Requirements
Hits Per Hits Per
Reference | Armor Part Armor Part  Shots Shots Shots | Total
Armor| Test Test Bullet Velocity at 0° Angle BFS Depth at 30° Angle  Per Per Per |Shats
Type | Round Bullet Weight (£ 30 ft/s) | of Incidence Maximum  of Incidence Panel Sample Threat |Req’d
1 22caliberLR 26¢g 329 m/s 4 44 mm 2 6 12 24
LRN 40 gr. (1080 ft/s) (1.73 in)
I 48
2 380 ACP 2g 322 m/s 4 44 mm 2 6 12 24
FMI RN 95 gr. (1055 ft/s) (1.73 1n)
1 9 mm 80g 341 m/s 4 44 mm 2 6 12 24
FMI RN 124 gr (1120 fi/s) (1.73 1n)
IIA - 48
2 40 S&W 11.7¢g 322m/s 4 44 mm 2 6 12 24
FMT 180 gr. (1055 fi/s) (1.73 1n)
1 9 mm 80g 367 m/s 4 44 mm 2 6 12 24
FMI RN 124 or. (1205 fi/s) (1.73 1)
I 48
2 357 Mag 102g 436 m/s 4 44 mm 2 6 12 24
JSP 158 gr (1430 fi/s) (1.73 in)
1 9 mm 82g 436 m/s 4 44 mm 2 6 12 24
FMI RN 124 or. (1430 fi/'s) (1.73 in)
A . 48
2 44 Mag 156¢g 436 m/s 4 44 mm 2 6 12 24
STHP 240 gr. (1430 ft/s) (1.73 1n)
e 1 7.62mmNATO 96¢g 847 m/s 6 44 mm 0 6 12 12 12
FMT 148 gr. (2780 fi/s) (1.73 1n)
v 1 30 caliber 108 g 878 m/s 1 44 mm 0 1 2 2 2
M2 AP 166 gr. (2880 fi/s) (1.73 1n)
_ * * * * ® 44 mm * * * * *
Special )
(1.73 1n)

*These items must be specified by the user.

Panel = Front or back component of typical armor sample.
Sample = Full armor garment, mcluding all component panels (F&B).
Threat = Test ammunition round by caliber.

Notes: Armor parts covering the torso front and torso back, with or without side coverage, shall each be impacted with the indicated
number of fair hits. Armor parts covering the groin and coceyx shall each be impacted with three fair hits at 0° angle of mcidence.
The deformation due to the first fair hit shall be measured to determine compliance. No fair hit bullet or one impacting at a velocity
lower than the minimum required bullet velocity shall penetrate the armor.

Abbreviations: AP—Armeor Prercing
FMJ—Full Metal Jacket
JSP—TJacketed Soft Point
LRHV—Long Rafle High Velocity
RN—Round Nose
STHP—Semi-Jacketed Hollow Point
SWC—Semi-Wadeutter
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vV=vy+at (2.17)

& ) v A
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Ft = mv —mv, (2.18)
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2.3 goaaevlving (Hall Effect) [4, 5, 6, 7]
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F = e(vB) (2.22)
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Ey = vB (2.23)
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Pressure Vout
5 Trial#1 Trial#2 | Trial#3 | Trial#4 | Trial#5 AVG R
(kgf/em”)
(Vy) (Vy) (Vy) (Vy) (V) (Vy) (Vy)
2.40 2.52 2.52 2.52 2.52 2.52 2.52 0.00
2.60 2.60 2.60 2.60 2.60 2.60 2.60 0.00
2.80 2.64 2.64 2.64 2.64 2.64 2.64 0.00
3.00 2.72 2.68 2.72 2.68 2.68 2.70 0.04
3.20 2.84 2.84 2.84 2.84 2.84 2.84 0.00
3.40 3.12 3.08 3.12 3.12 3.12 3.11 0.04
3.60 4.56 4.56 4.56 4.56 4.56 4.56 0.00
3.80 4.60 4.60 4.60 4.60 4.60 4.60 0.00
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Pressure Vout
R Trial#1 Trial#2 | Trial#3 Trial#4 | Trial#5 AVG R
(kgf/em”)
(Vy) (Vg (Vg (Vg (Vo (Vg (Vg
2.40 1.61 1.61 1.61 1.65 1.61 1.62 0.04
2.60 2.10 2.14 2.17 2.10 2.10 2.12 0.07
2.80 3.18 3.18 3.18 3.18 3.18 3.18 0.00
3.00 3.48 3.45 3.48 3.49 3.48 3.48 0.04
3.20 3.65 3.65 3.71 3.65 3.65 3.66 0.06
3.40 3.71 3.71 3.71 3.71 3.71 3.71 0.00
3.60 4.46 4.46 4.46 4.46 4.46 4.46 0.00
3.80 4.90 4.90 4.90 4.90 4.90 4.90 0.00
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Pressure Vout
5 Trial#1 Trial#2 Trial#3 Trial#4 Trial#5 AVG R
(kgf/em”)
(Vy) Do) (V) ) (V) (V) (V)
2.40 0.99 0.96 0.99 1.00 0.99 0.99 0.04
2.60 1.56 1.54 1.56 1.56 1.56 1.56 0.02
2.80 1.69 1.68 1.69 1.72 1.69 1.69 0.04
3.00 2.36 2.32 2.36 2.36 2.36 2.35 0.04
3.20 2.88 2.88 2.88 2.88 2.88 2.88 0.00
3.40 3.22 3.22 3.22 3.26 3.22 3.23 0.04
3.60 3.93 3.93 3.93 3.93 3.93 3.93 0.00
3.80 4.90 4.90 4.90 4.90 4.90 4.90 0.00
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A v o J ' (Y [ @ [ Ay ¥
AT NN 4.1 ﬂ’J'IiJﬁllWH‘ﬁigﬂ'J'NSZEJ$ﬂ1§EJ“UG]’Jﬂl?)\‘]“]éﬂiﬂlﬁ\iﬂﬂlli\iﬂuhlﬂﬁTI/]]lﬂiﬂﬂ

P <2 du A =R
goaaWINaANISUIeTAIN 1 84 10

swawquum usadufha 18 nnseadrlivandumes (ol
YOIYAT UL
(mm) B | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10
0 167 | 172 | 174 | 174 | 177 | 177 | 175 | 1.71 | 1.75 | 1.80
2 168 | 1.73 | 174 | 175 | 1.77| 1.78 | 1.76 | 1.80 | 1.75 | 1.85
4 1.68 | 1.73 | 1.75 | 1.76 | 1.78 | 1.78 | 1.77 | 1.81 | 1.75 | 1.85
6 1.69 | 1.74 | 1.78 | 1.78 | 1.81 | 1.80 | 1.87 | 1.89 | 1.76 | 1.89
8 1.83 | 1.84 | 193 | 194 | 1.82 | 1.86 | 1.98 | 2.00 | 1.88 | 1.89
10 1.94 | 1.99 | 2.04 | 2.03 | 1.90 | 1.97 | 2.09 | 2.04 | 1.98 | 2.11
12 204 | 204 | 214 | 212 |2.00 | 2.01 | 218 | 2.16 | 2.10 | 2.19
14 211 | 216 | 222 | 221 | 211 ] 2.09 | 225 | 221 | 2.19 | 2.26
16 218 | 229 | 229 | 228 [2.19 | 2.12 | 232 | 231 | 2.25 | 2.29
18 225 233 | 234 | 235 | 227 | 222 | 238 | 235 | 233 | 2.42
20 230 | 235 | 240 | 240 | 233 | 223 | 244 | 241 | 239 | 2.44
22 234 | 241 | 245 | 245 [ 237 | 233 | 249 | 244 | 244 | 2.50
24 238 | 244 | 249 | 250 | 242 | 238 | 2.54 | 2.51 | 249 | 2.56
26 242 | 252 | 2.52 | 2.54 | 246 | 239 | 2.59 | 252 | 2.54 | 2.61
28 247 | 253 | 2.56 | 2.58 | 252 | 242 | 2.64 | 2.58 | 2.60 | 2.64
30 251 253 | 2,60 | 2.63 | 255 | 243 | 2.71 | 2.67 | 2.66 | 2.74
32 255 | 2.59 | 2.64 | 2.68 | 2.59 | 244 | 279 | 2.68 | 2.73 | 2.81
34 259 | 2.65 | 2.69 | 273 | 2.64 | 2.50 | 2.88 | 2.70 | 2.82 | 2.91
36 2.64 | 2.66 | 2.74 | 2.78 | 2.69 | 2.53 | 2.99 | 2.81 | 2.92 | 291
38 267 | 272 | 279 | 2.87 | 2.75| 2.54 | 3.13 | 3.02 | 3.05 | 3.14
40 275 278 | 2.86 | 297 |2.82 | 2.54 | 3.31 | 3.04 | 3.22 | 3.35
42 2.83 | 2.88 | 297 | 3.15 | 290 | 2.61 | 3.54 | 3.29 | 3.46 | 3.60
44 294 | 295 | 3.10 | 337 |3.01| 2.62 | 3.78 | 3.61 | 3.78 | 3.91
Min 167 | 172 | 174 | 174 | 177 | 1.77 | 175 | 1.71 | 1.75 | 1.80
Max 294|295 | 310 | 337 | 3.01| 262 | 3.78 | 3.61 | 3.78 | 3.91
R 1.27 | 1.23 | 1.36 | 1.64 | 1.24| 085 | 2.03 | 1.89 | 2.04 | 2.12
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A v o ' (Y [ @ [ Ay ¥
AT NN 4.1 ﬂ’J'IiJﬁllWH‘ﬁigﬂ'J'I\ﬁZEJ$ﬂ1iEJ“UG]’Jﬂl?)\‘]“]éﬂiﬂlﬁ\iﬂﬂlli\iﬂuhlﬂﬁTI/]]lﬂiﬂﬂ

] < o A = '
goaalanFuesaIN 11 09 20 (A0)

L&meiqum usadufha 18 nnseadrlandumes (ol
YOIYAT LT
(mm) #11 #12 #13 #14 #15 | #16 | #17 #18 #19 #20
0 170 | 172 | 179 | 174 | 168 | 1.79 | 172 | 174 | 1.73 | 1.77
2 170 | 176 | 179 | 1.74 | 1.69 | 1.79 | 1.76 | 1.78 | 1.73 | 1.78
4 173 | 177 | 179 | 177 | 1.69 | 1.80 | 1.77 | 1.79 | 1.74 | 1.79
6 1.85 | 1.84 | 1.80 | 1.78 | 1.79 | 190 | 1.84 | 190 | 1.82 | 1.85
8 200 | 2.03 | 194 | 194 | 1.87 |2.03 | 2.03 | 2.05 | 1.94 | 2.03
10 2.09 | 212 | 2.07 | 2.02 | 1.99 | 2.15| 2.12 | 2.08 | 2.05 | 2.09
12 219 | 213 | 217 | 211 | 209 [221] 213 | 219 | 2.14 | 226
14 227 | 224 | 226 | 223 | 2.19 | 229 | 224 | 229 | 221 | 226
16 233 | 234 | 234 | 231 | 227 [2.36| 234 | 237 | 2.28 | 2.34
18 239 | 241 | 240 | 235 | 2.34 | 240 | 241 | 242 | 2.35 | 238
20 245 | 2.50 | 246 | 244 | 238 246 | 250 | 244 | 240 | 2.42
22 251 | 259 | 253 | 246 | 243 [2.50 | 259 | 252 | 245 | 2.57
24 256 | 259 | 259 | 2.51 | 248 | 255 | 2.59 | 2.65 | 2.49 | 2.58
26 262 | 2.63 | 2.65 | 257 | 2.54 [2.59 | 2.63 | 2.67 | 2.53 | 2.59
28 2.68 | 2.71 | 271 | 2.60 | 2.59 | 2.65 | 2.71 | 2.75 | 2.57 | 2.63
30 2.74 | 278 | 279 | 2.67 | 2.65 | 2.72 | 2.78 | 2.82 | 2.62 | 2.68
32 283 | 2.89 | 2.88 | 2.75 | 2.70 | 2.77 | 2.89 | 2.94 | 2.67 | 2.76
34 293 | 3.00 | 3.00 | 2.84 | 2.77 | 2.86 | 3.00 | 3.07 | 2.73 | 2.85
36 3.07 | 3.16 | 3.14 | 3.00 | 2.82 | 296 | 3.16 | 3.29 | 2.80 | 2.96
38 322 | 347 | 332 | 3.11 | 292 |3.08 | 347 | 350 | 2.89 | 3.15
40 344 | 3.66 | 353 | 323 | 3.06 |3.23| 3.66 | 3.77 | 2.99 | 3.25
42 3.72 | 3.95 | 3.84 | 353 | 3.17 |3.44 | 395 | 427 | 3.13 | 3.58
44 395 | 412 | 423 | 391 | 338 |3.74 | 4.12 | 448 | 343 | 3.78
Min .71 | 1.72 | 1.79 | 1.74 | 1.68 | 1.79 | 1.72 | 1.74 | 1.73 | 1.77
Max 395 | 412 | 423 | 391 | 338 |3.74| 412 | 448 | 343 | 3.78
R 224 | 240 | 245 | 2.18 | 1.70 | 1.95| 240 | 2.74 | 1.70 | 2.00
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MINN 4.1 ﬂ’ﬂiJﬁiJ‘W“L!‘ﬁi%W’JNigﬂgﬂ'liEJUG]’J"UEN“];ﬂi‘UL!i\?ﬂﬂlliﬂﬂu]‘lﬂﬂ'mvlﬂiﬂﬂ

3 = S A = '
goaiangurosaIN 21 D9 25 (99)

iwﬂwﬂTjQUﬁ’J usadu i 18 nnseadrllanidusses (volo
YOIYAT LT

(mm) #21 #22 #23 #24 #25
0 1.79 1.70 1.78 1.78 1.83

2 1.79 1.79 1.85 1.79 1.83

4 1.83 1.80 1.85 1.85 1.84
6 1.88 1.87 1.87 1.89 1.85
8 2.03 1.96 1.89 1.91 1.96
10 2.13 2.12 2.04 1.93 2.08
12 221 220 2.17 2.09 2.17
14 229 223 225 2.13 221
16 237 2.28 231 222 227
18 2.44 2.39 234 2.28 236
20 2.50 2.40 2.47 228 2.36
22 2.56 2.48 2.47 2.41 2.47
24 2.63 2.53 2.50 2.43 2.51
26 2.69 2.57 2.54 2.47 2.53
28 2.77 2.62 2.60 2.50 2.55
30 2.86 2.70 2.60 2.56 2.63
32 2.99 2.79 2.68 2.61 2.67
34 3.13 2.85 2.71 2.69 2.72
36 3.30 2.98 2.79 2.79 2.82
38 3.48 3.11 2.84 2.87 2.86
40 3.76 3.26 2.92 2.94 2.95
42 421 3.53 3.12 3.11 3.05
44 431 3.85 3.35 3.35 3.11
Min 1.79 170 1.78 1.78 1.83
Max 431 3.85 3.35 3.35 3.11
R 2.51 2.15 1.57 1.57 1.28
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v =15 + 2a(x — x4)
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A 3 Y = ] I

Vo ADANMTIAU WKLY (m/s)
A o oAy =\ 1 I
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A o ] 9 = 1 3

Xo ADAUHUUIGANIY Il (m)

1 1 I~
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Vo =341 m/s
(x — xp) =44 mm
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F =0.008 kg X 1.32 X 10° m/s’
F =10,571 ke.m/s’

A
AITIUYAT USRI INTONUT VT IINNTEgUUIIIA 10,571 kgm/s” 1@
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Vo =2 x9.8m/s? X 2m =6.26m/s
z o 1 1 <3 ll a g} o A ~
ﬁnﬂmm”|mﬁmmmwwmgﬂ¢;umaﬂmmzagiuﬂuumumﬂﬁumiﬂ 2.5 Glf]J‘]J‘i/l‘i/l 2

(6.26 592

a=——""—=103125m/s
2X0.019m

09: o 4 [ I~ 0o w A :j o 1 {
MR IBMMIINgNuMannIzInuAMI U INaUMIN 2.11 Tuuni 2
F = 1.043 kg X 1,031.25 m/s’

F =1,075.59 kg.m/s’

A A
ATIUYATS 19UTIATUIN 25 FAADITWNTONUTIUTIVUIA 1,075.59 kgm/s” 19
1 IS o 1 @ ) @ 1 Y v Y 9 1 £
ao ldidumsdnumawssduandimiuaielinvgaasnssdulundazgads

[ 4 ~ A
mmmmuam%amanmw 2.21 Tuynn 2
F
P &G
A

{ 1 I Aa o
Taen F Aousa iniaeduiladu (N) v5e (kg.m/s)
g { ] I a
A Apnui Wrieiluam s 1 uamag (cm’)

o ] I
P Asnnuau dvvseiluiania (Pa)

P '
A v 9y A

A foiunsuussvesnszuenguiimihfad s sdu [10] Feliawniiy

A =2.0096 X 10" cm
' o o o ¥ P Y} ' A 9
W'Ifnl,!,i\‘lﬂuﬁNﬁ1ﬂiﬂﬂ181ﬂ“]§ﬂﬁ51\m§\‘lﬁ1u1ﬂﬂLLﬂuﬂ1a\11UﬁMﬂ15ﬂ 2.21 i]%blﬂ

_1,075.59 kg.m/s?
T 2.0096x10~% cm

= 5.35 Mpa

4
aodumusuandmsueigaaiiusdunaazgaming 5.35/2 Mpa = 0.2 Mpa
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4.1.1 msaoueuyal3unsIauan (Pressure Regulator)
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e
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aelumsiauunazasene 1J'i3Jmusmuamn’ﬂ’eJuslwmzmﬂqmmazmmmmm
9

A
Yy o o A o
#

Ao & 9 o A ~ Y @ 3 Ay aw P4
NHBDI Quuﬁﬂﬂﬂhllﬂuﬁf’]\?‘vnﬂ@ﬂ”ﬁﬁ@ﬂlﬂﬂﬂ%ﬂﬂﬁﬂllﬁﬂﬂuaﬂﬂﬂ 25 ¥ Iﬂﬂﬂﬁj‘ﬂTﬂ”lﬁ:]i]ﬂllﬂ

D

o = o o 0’/‘ Ay YA [ v 3 1 4
Amsgeuiisugailiuussduaning 25 ga wah lanoyalsuuseauaunivuaoglunua

nasgudaadlugili 4.7 nagansan 4.2

= U U :’I
ﬂ]iﬁﬂﬂ!ﬂﬂﬂ‘l&ﬂﬂiﬂ!!ﬁ\iﬂuﬁu (Pressure Regulator) 1925 31
0.90 =l=PG#]  =h=PG#2
0.80 L oerai3 —epou
0.70 =@=PG#5  ==t=PG#6
7 ——PG#] ——PGH3
0.60 ~
= =—=PG#9 =l=PG#10
5 050 S
E P
E‘) Y, =fh=PG#11 =>¢=PG#12
-7
o 0.40
E / =¥=PG#13 PG#14
g p,
= 0.30
' ——PG#15 ——PG#16
-
0.20 - PG#17 PG#18
y
0.10 A PG#19 PG#20
/
/ PG#21 PG#22
0.00 T T T T T T T T T T T T T ]
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 PG#23 PG#24
Precision Pressure Indicator Calibrator (Mpa) PGH25

d’ = [ Y
319 4.7 M3aouineuyallT LI IAUAY (Pressure Regulator)
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A ~ o v o A =
A1TNN 4.2 ﬂ'lﬁ’(?f'i]‘]JW]ﬂﬂﬂzﬂﬂiﬂlli\?ﬂuﬁi\lﬁﬂﬂ 19398

Precision Pressure

Indicator Calibrator

Pressure Regulator (Mpa)

(Mpa) PG#1 | PG#2 | PG#3 | PG#4 | PG#5 | PG#H6 | PG#7 | PG#8
0.00 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
0.05 0.0541 | 0.0562 | 0.0532 | 0.0558 | 0.0571 | 0.0541 | 0.0571 | 0.0542
0.10 0.1022 | 0.1072 | 0.1045 | 0.1105 | 0.1023 | 0.1022 | 0.1023 | 0.1072
0.15 0.1560 | 0.1548 | 0.1572 | 0.1565 | 0.1581 | 0.1580 | 0.1581 | 0.1578
0.20 0.2070 | 0.2053 | 0.2034 | 0.2089 | 0.2066 | 0.2070 | 0.2066 | 0.2053
0.25 0.2576 | 0.2512 | 0.2546 | 0.2521 | 0.2507 | 0.2576 | 0.2507 | 0.2512
0.30 0.3130 | 0.3174 | 0.3177 | 0.3100 | 0.3183 | 0.3130 | 0.3183 | 0.3174
0.35 0.3577 | 0.3533 | 0.3586 | 0.3531 | 0.3527 | 0.3577 | 0.3527 | 0.3533
0.40 0.4125 | 0.4146 | 0.4124 | 0.4109 | 0.4143 | 0.4125 | 0.4143 | 0.4146
0.45 0.4640 | 0.4637 | 0.4609 | 0.4604 | 0.4608 | 0.4640 | 0.4608 | 0.4697
0.50 0.5101 | 0.5128 | 0.5174 | 0.5134 | 0.5169 | 0.5101 | 0.5169 | 0.5128
0.55 0.5674 | 0.5603 | 0.5614 | 0.5605 | 0.5644 | 0.5664 | 0.5644 | 0.5603
0.60 0.6113 | 0.6175 | 0.6102 | 0.6156 | 0.6108 | 0.6113 | 0.6108 | 0.6175
0.65 0.6571 | 0.6509 | 0.6535 | 0.6522 | 0.6565 | 0.6571 | 0.6565 | 0.6539
0.70 0.7110 | 0.7120 | 0.7119 | 0.7107 | 0.7122 | 0.7110 | 0.7122 | 0.7120
0.75 0.7512 | 0.7568 | 0.7542 | 0.7569 | 0.7614 | 0.7522 | 0.7614 | 0.7568
0.80 0.8031 | 0.8071 | 0.8087 | 0.8054 | 0.8147 | 0.8021 | 0.8147 | 0.8071
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A ~ @ o v A R '
ATNN 4.2 miaaumﬂﬂﬁgﬂﬂinuimuaum‘ﬂ 904 16 (919)

Precision Pressure
Pressure Regulator (Mpa)
Indicator Calibrator
(Mpa) PG#9 | PG#10 | PG#11 | PG#12 | PG#13 | PG#14 | PG#15 | PG#16
0.00 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
0.05 0.0541 | 0.0571 | 0.0558 | 0.0571 | 0.0541 | 0.0562 | 0.0571 | 0.0541
0.10 0.1022 | 0.1023 | 0.1105 | 0.1023 | 0.1022 | 0.1072 | 0.1023 | 0.1022
0.15 0.1560 | 0.1581 | 0.1565 | 0.1581 | 0.1560 | 0.1548 | 0.1581 | 0.1560
0.20 0.2070 | 0.2066 | 0.2089 | 0.2066 | 0.2070 | 0.2053 | 0.2066 | 0.2070
0.25 0.2576 | 0.2507 | 0.2521 | 0.2507 | 0.2576 | 0.2512 | 0.2507 | 0.2576
0.30 0.3130 | 0.3183 | 0.3100 | 0.3183 | 0.3130 | 0.3174 | 0.3183 | 0.3130
0.35 0.3577 | 0.3527 | 0.3531 | 0.3527 | 0.3577 | 0.3533 | 0.3527 | 0.3577
0.40 0.4125 | 0.4143 | 0.4109 | 0.4143 | 0.4125 | 0.4146 | 0.4143 | 0.4125
0.45 0.4640 | 0.4608 | 0.4604 | 0.4608 | 0.4640 | 0.4637 | 0.4608 | 0.4640
0.50 0.5101 | 0.5169 | 0.5134 | 0.5169 | 0.5101 | 0.5128 | 0.5169 | 0.5101
0.55 0.5674 | 0.5644 | 0.5605 | 0.5644 | 0.5674 | 0.5603 | 0.5644 | 0.5674
0.60 0.6113 | 0.6108 | 0.6156 | 0.6108 | 0.6113 | 0.6175 | 0.6108 | 0.6113
0.65 0.6571 | 0.6565 | 0.6522 | 0.6565 | 0.6571 | 0.6509 | 0.6565 | 0.6571
0.70 0.7110 | 0.7122 | 0.7107 | 0.7122 | 0.7110 | 0.7120 | 0.7122 | 0.7110
0.75 0.7512 | 0.7614 | 0.7569 | 0.7614 | 0.7512 | 0.7568 | 0.7614 | 0.7512
0.80 0.8031 | 0.8147 | 0.8054 | 0.8147 | 0.8031 | 0.8071 | 0.8147 | 0.8031
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M13199 4.2 MaapueVYALTVNTIAUANAIN 17 DI 25 (AD)

Precision Pressure
Indicator Calibrator Pressure Regulator (Mpa)
(Mpa) PG#17 | PG#18 | PG#19 | PG#20 | PG#21 | PG#22 | PG#23 | PG#24 | PG#25
0.00 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
0.05 0.0571 | 0.0562 | 0.0558 | 0.0571 | 0.0541 | 0.0571 | 0.0562 | 0.0571 | 0.0562
0.10 0.1023 | 0.1072 | 0.1105 | 0.1023 | 0.1022 | 0.1023 | 0.1072 | 0.1023 | 0.1172
0.15 0.1581 | 0.1548 | 0.1565 | 0.1581 | 0.1560 | 0.1581 | 0.1548 | 0.1581 | 0.1548
0.20 0.2066 | 0.2053 | 0.2089 | 0.2066 | 0.2070 | 0.2066 | 0.2053 | 0.2066 | 0.2053
0.25 0.2507 | 0.2512 | 0.2521 | 0.2507 | 0.2576 | 0.2507 | 0.2512 | 0.2507 | 0.2512
0.30 0.3183 | 0.3174 | 0.3100 | 0.3183 | 0.3130 | 0.3183 | 0.3174 | 0.3183 | 0.3274
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Hegro:

A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits

= Low-noise output

= Fast power-on time

= Ratiomefrie rail-to-rail output

= 45t0 6.0V operation

= Solid-state reliability

= Factory-programmed at end-of-line for optimum
performance

= Robust ESD performance

Packages: 3 pin SOT23W (suffix LH), and
3 pin SIP (suffix UA)

Not ro scale

Description

The A1301 and A 1302 are continuous-time, ratiometric, linear
Hall-effect sensors. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
50% of the supply voltage. Two output sensitivity options are
provided: 2.5 mV/G typical for the A1301, and 1.3 mV/G
typical for the A1302.

The Hall-effect infegrated circwit included in each device
includes a Hall sensing element, a linear amplifier, and a
CMOS Class A output structure. Integrating the Hall sensing
element and the amplifier on a single chip minimizes many
of the problems normally associated with low voltage level
analog signals.

High precision in output levels is obtained by internal gain
and offset tnm adjustments made at end-of-line during the
manufacturing process.

These features make the A1301 and A1302 ideal for use in
posttion sensing systems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C
to 125°C.

Two device package types are available: LH, a 3-pin SOT23W
type for surface mount, and UA, a 3-pin ultramini SIP for
through-hole mount. They are lead (Pb) free (suffix, —T) with
100% matte tin plated leadframes.

Functional Block Diagram

VCC

+

™
CevPass

Ay
o [

vouT

A1301-DS, Rev. 5
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Selection Guide

Part Number Pb-free’ Packing? Package Ambient, Ty Sensitivity (Typical)
A1301ELHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount

- = - - —40°C to 85°C
A1301EUA-T Yes Bulk, 500 pieces/bag SIP 25 mVIG
A1301KLHLT-T Yes 7-in. tape and reel, 3000 pieces/iresl Surface Mount 40°C to 125°C '
AT301KUAT Yes Bulk, 500 piecesibag SIP ool
A:IBGZELHLT—T Yes 7-in. tape and—reel:.3GDOIpieces.-"reel Surface Mount _40°C 10 B5°C
A1302EUA-T Yes Bulk, 500 pieces/bag SIP 13 mvic

3 mVi

A1302KLHLT-T Yes 7-in. tape and reel, 3000 pieces/reel Surface Mount 40°C 1o 125°C
A1302KUA-T Yes Bulk, 500 pieces/bag SIP

Pb-based variants are being phased out of the product line. Certain variants cited in this footnote are no longer in production The variants should
not be purchased for new design applications. Samples are no longer available. Status change: May 1, 2006. These variants include: A1301ELHLT,
AT30MEUA, A1301KLHLT, A1301KUA, A1302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA.

2Contact Allegro for additional packing options.

Absolute Maximum Ratings

Characteristic Symbol MNotes Rating Units
Supply Voltage Vee 8 v
Qutput Voltage Vaur 8 v
Reverse Supply Voltage Vace 0.1 v
Reverse Supply Voltage Vace 0.1 v
Output Sink Current lout 10 mA
) ) Range E -40 to 85 °C
Operating Ambient Temperature T —
Range K —40 10 125 °C
Maximum Junction Temperature T (max) 165 °C
Storage Temperature Tatg —651t0 170 °C

AV, _ Allegro MizraSystems, Inc. 2
g e %" 116 Northeast Cutof,, Box 15026

- Worcester, Massachusstts 01515-0038 (508) 252-5000
ul » WicoEyaiams. . www.allegromicro.com
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

DEVICE CHARACTERISTICS over operating temperature range, Ty, and Ve = 5V, unless otherwise noted

Characteristic Symbol Test Conditions | Min. | Typ. | Max. | Units
Electrical Characteristics
Supply Voltage Vee Running, T, < 165°C 45 - 5] W
Supply Current lec Qutput open - - 11 mA
Output Voltage VouTiHigh) |soum:|—; =-1mA, Sens = .nominal 465 47 - v
Voutow |lsink = 1 MA, Sens = nominal - 02 025 V4
Qutput Bandwidth BW - 20 - kHz
} Veemin to 0.95 Voyur B = £1400 G;
Power-On Time tro Slew rate = 4.5 V/ps to 4.5 V/100 ns - 3 o HS
Output Resistance Rout lgink £ 1 MA, lggurece 2 -1 mA - 2 5 Q
) . External output low pass filter = 10 kHz,
Wide Band Output Noise, rms Vautn Sens = nominal - 150 - ny
Ratiometry
Quiescent Output Voltage Error - _ N o
with respect to AVee! AVoutayy |Ta= 25°C - - 30 °
Magnetic Sen3|tLV|ty Error with ASens,, |T.= 25°C B B +3.0 %
respect to AVpq2
Output
Linearity Lin Ta= 25°C - - 125 %
Symmetry Sym Ta= 25°C - - +3.0 %
Magnetic Characteristics
Quiescent Output Voltage Vouta B=0G;T,= 25°C 24 25 26 \'
Quiescent Output Voltage over ) _
Operating Temperature Range Voutaur, |B=06G 22 - 28 v
Magnetic Sensitivi Sens A1301; T, = 25°C 20 25 30 mviG
g v A1302; T, = 25°C 1.0 1.3 1.6 mV/G
Magnetic Sensitivity over Sens . A1301 1.8 - 32 m\V{G
Operating Temperature Range Tal TA1302 0.85 - 1.75 myiG

"Refer to equation (4) in Ratiometric section on page 4.
2Refer to equation (5) in Ratiometric section on page 4.
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

Quiescent Output Voltage. In the quiescent state (no sig-
nificant magnetic field: B = 0), the output, Vg, equals one
half of the supply voltage, V¢, throughout the entire operating
ranges of Vo and ambient temperature, T,. Due to internal
component tolerances and thermal considerations, there 1s a
tolerance on the quiescent output voltage, AVqy g, which 1s

a function of both AV¢ and AT,. For purposes of specifica-
tion, the quiescent output voltage as a function of temperature,
AVgUTQAT,)- 15 defined as:

Vourary — Voutorso 1)

AFpurgeary)
.S‘Ef?.\'lg_qoc]
where Sens 1s in mV/G, and the result is the dewice equivalent
accuracy, in gauss (G), applicable over the entire operating tem-
perature range.

Sensitivity. The presence of a south-polarity (+B) magnetic
field, perpendicular to the branded face of the device package,
increases the output voltage, Vioyr, in proportion to the magnetic
field applied, from Voyrq toward the Vi rail. Conversely, the
application of a north polarity (—B) magnetic field, in the same
orientation, proportionally decreases the output voltage from its

Ratiometric. The A1301 and A1302 feature a ratiometric
output. This means that the quiescent voltage output, Vg,
and the magnetic sensitivity, Sens, are proportional to the supply
voltage, Vc.

The ratiometric change (%) in the quiescent voltage output is

defined as:

Voutoveo / VouTtaswy
Vee /5V

and the ratiometric change (%) in sensitivity 1s defined as:

AVouTtgav) * 100% (4

SLJH.\'{\,-'W] /.S‘Ef?.\'l_q\,-'] (5)

ASensiay = 100%
(AV)
I"cc/5 v

Linearity and Symmetry. The on-chip output stage is
designed to provide linear output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, 1t does force their output into a nonlinear
region. Linearity in percent 1s measured and defined as:

Vouree) — Vouto

quiescent value. This proportionality 1s specified as the magnetic Lint — - * 100% (6)
sensitivity of the device and is defined as: 2 Woutemys) — Pvoutq)
Vouti-s) —Voutis) ] i
Sens _ouTen onmem @ Voure-m) — Vouto
28 Lin- = ——————————— % 100% ©)
.. . . L . 2(Vouti-By) — Vouta)
The stability of the device magnetic sensitivity as a function of B Q
ambient temperature, ASens xt,) (%) 15 defined as: and output symmetry as:
Senspr,y — Senspasocoy I”OUTU B) IOITQ
ASensiar,y= —— 2T 100% (3) Sym o= ————— T 100% (8
Sens(ascy Vouro— Voutem)
Allegro MicroSystems, Inc. 4

u »
Ll
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 1.40
260 . 1.38 /'/_-
2 UA Package
5 UA Packagy'/ 5 19
I 255 =
= 1.34
= Zz 132 £
2 250 — £ /
= oo
= LH Package B 1.30 o
2 245 / z
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240
/ 1.26 =
2.35 1.24
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors
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Force transducer designing using Hall Effect sensing device
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Abstract

This paper presents the designing of force transducer using
Hall Effect sensing device. The Hall Effect sensor which is low-cost
provides a linear output voltage and quick respond. 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 experimental results show the output voltage from the

sensor tends proportional to the input force.

Keywords: Force transducer, Hall Effect sensor
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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
armor 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 in 2 and 3 dimensions with LabView program. The experiments are carried on to measure the i mpact
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.] clay. From the experiments, the satisfactory results are pro-

vided.

Keywords: NIJ Standard-0101.04. Type 1IA, Roma Plastilina #1 clay, body armor, Hall Effect Sensor,
Force Transducer, LabVIEW
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Abstract

This paper presents the designing of force transducer using
Hall Effect sensing device. The Hall Effect sensor which is
low-cost provides a linear output voltage and quick respond.
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 force range for this
testing is 414-656 Newton (2.4 kg/cm’ to 3.8 kglom’). The
experimental results show the output voltage from the sensor

tends proportional to the input force with a satisfactory
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accurate.

Keywords: Force transducer, Hall Effect sensor
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Abstract
This paper presents a designing of distributed force
measuring set for testing of the personal body armar type |1A

(9 mm, 80g, 314mis). The employed ftransducers 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 with the Data
Acquisition card then passed to record at the computer. The
recorded data is computed and plotted in 2 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 fradition method according to MNILJ
standard 0101.04 which employs Roma Plastilina No.1 clay.
From the experiments, the satisfactory results are provided.

Keywords: NIJ Standard-0101.04, Type [lA, Roma Plastilina

#1 clay, body armor, Hall Effect Sensor
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Abstract: This paper presents a prototype of dissipated force measuring set for testing of soft armor in Thailand. The
measuring set consists of (1) The impact absorber (ii) Transducers which were specially designed using two air
cylinders, modified air pressure switch and Hall Effect sensor (iii) the Data Acquisition (DAQ) and (iv) the processing
part (computer). The impact force is converted into analog voltage by the force transducers using Hall Effect sensors
then passed to the Data Acquisition (DAQ). DAQ is controlled and processed by LabView program in order to collect
and record the impact force data. The data is plotted in two and three dimension shapes for impact visualization. The
obtained results from the measuring set are compared to the traditional testing method according to NIJ standard
0101.04 using Roma Plastilina No.l clay. The experiments were carried on to capture the impact force from the

shooting test. The satisfactory results are given and reported.

Keywords: Soft Armor, Hall Effect sensor, NI1J Standard 0101.04, DAQ

1. INTRODUCTION

Currently, the soft body armor research team at
Rajamangala University of Technology Thanyaburi
(RMUTT), Thailand has developed the soft amour from
textile architectures and fiber material that can produce
in the country. The developed armor requires impact
testing according to the tradition method using NITJ
standard [1]. The impact tests measure two Backface
Signatures (BFS) and demonstrate the armor’s pass/fail
penetration capability. The test series requires the use of
a plastically deforming witness media (clay backing
material, Roma Plastilina No.l clay) held in direct
contact with the back surface of the armor panel which
is used to capture and measure the Backface Signatures
(BFS) depression produced in the backing material
during nonperforating threat round impacts.

However, the obtained result from the tradition
method just provides the armor penetration capacity
which is insufficient information for analyzing of the
armor structure such as the dissipated force when the
bullet impacts on the armor. Besides, there are a few
Laboratories in Thailand that support armor testing.
Moreover, it is inconvenient for running the test in some
particular point. From these reasons. it is inspired in
developing an instrument that can capture and visualize
the dissipated force of the ammunition impact. So a
prototype of the dissipated force measuring set for soft
armor testing is proposed and introduced. The
measuring set consists of four main parts as the follows:
1) the ballistic impact absorber, ii) Transducers, ii1) Data
Acquisition (DAQ) and iv) the processing part
(computer) as the block diagram shown in Figure 1.

Impact Data Processing
Absorber | |Transducers| |Acquisiiion part
U] (i) (iii) (iv)

Fig. 1 The measuring set block diagram

The paper is divided into the following sections:
Section 2, the physical quantities determination for
transducers designing is mentioned and discussed.
Sections 3, the designing of transducer is presented and
described. The components of measuring set are
explained in Section 4. Section 5, the experiments
which were carried out on armor testing is
demonstrated. Finally in Section 6, the discussion and
conclusion regarding the proposed measuring set are
reported.

2. PHYSICAL QUANTITIES
DETERMINATION FOR TRANSDUCER
DESIGNING

Originally, the measuring set is designed to capture
the impact force on soft body armor at level II-A [1]
which protects against 9 mm full metal jacketed round
nose (FMJ RN) bullets, with nominal masses of 8.0g,
impacting at a minimum velocity of 341 m/s. The
acceptance criterion for BFS compliance that no
measured BFS depression depth greater than 44 mm.

There are three physical quantities which are the net
impact force, pressure and the return force, need to be
calculated for transducer designing.

2.1 The net impact force determination

The net impact force calculates using the equation for
motion in a straight line and Newton’s second law [2]
which express as:

vi= 1 +2aAx (1)
F =ma 2)

where « is acceleration (m/s?).
vy 1s the initial bullet velocity (m/s).
v 1s the final bullet velocity (m/s).
m is the bullet mass (kg)
F is the net force (kg-m/s® or Newton).
Ax is the displacement (m).



2.2 The pressure calculation

The pressure P is another quantity requires calculating
in order to determine the force exerted perpendicular to
a given surface of area 4 as (3):

F
p==
A

€)

where P is the pressure (Nfl‘llz). .
F is the net force (kg-m/s” or Newton).
A is the surface area (m’).

Because the pressure is defined as force per unit area,
it has units of Pascal (N/m®) [2]. 1 Megapascal (Mpa) is
equal to 1 Newton/mm’. The pressure is used for
pneumatic cylinder selecting that is discussed m the
next section.

2.3 The return force determination

Due to the transducer attempt to have the same
equivalent property as the backing material therefore the
return force wvalue is calculated by compared to the
density resistance of the backing material. The NIJ
calibration criteria for backing material (the Roma
Plastilina #1 clay) [1] which will be accomplished using
the drop weight with steel sphere size 63.5 mm
+0.05mm in diameter and mass of 1043 g =5 g then
release at height of 2.0 m. The calibration drop will
consist of a free fall of the steel sphere onto the
conditioned backing material with the depth of
depression is 20 mm +3 mm. From the information
above, the force resistance of the backing material can
be calculated using (1) and (2). However, the velocity of
the steel sphere v when reaches the surface of the
backing material is required in (1). Therefore the
conservation of mechanical energy theorem [2] is
applied to fine the velocity of the steel sphere as:

1,

KE=PE or —mv =ingh (4)
el

v =af2gh (5)

where KE is kinetic energy (J).
PE is for potential energy (J).
m is the mass (kg).
v is the final velocity (m/s).
g is the acceleration of gravity (9.8 m/s%).
i is the vertical position of the mass relative
to the backing material surface.

3. TRANSDUCER DESIGN

Transducers are employed to convert the impact
force into electrical signal. Due to a commercial
transducer is costly and unsuitable for the application.
Therefore it needs to be designed for this purpose. The
designed transducer consists of three components that
are: 1. two pneumatic cylinders, 2. the modified air
pressure switch and 3. Hall Effect sensing device as
illustrated in Fig. 2.
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Fig. 2 Block diagram of a transducer

3.1 Pneumatic cylinder

Two types of double acting air cylinders are applied.
There are a double acting-double rod (through rod
cylinder) [3] that directly contacts to the impact
absorber for force receiving and the double
acting-single rod (normal double acting cylinder) is
employed for generating return force that can be
adjusted by air pressure injection.

The net impact force calculates using (1) and (2) is
employed to specify the through rod cylinder. The
depression depth of 44 mm from the BFS criterion is
use as the displacement Ax in (1). The imtial bullet
velocity is 341 m/s and the final velocity is 0 m/s
because the bullet embedded in the armor. So that, he
acceleration ¢ within the distance 44 mm is -1.32x10°
m/s”. Therefore, the net force F is 10,571 N. Then the
force per unit area in term of pressure is defined by (3).
The diameter of each impact absorber is 23.4 mm and
the surface area of an impact absorber is (1%23.4%)/4 or
429.83 mm’ therefore the approximated pressure that
will be applied to each transducer is equal to
10.571/429.83(N/mm’) or 24.59 (N/mun’). In our case,
the through rod cylinder (SMC model CI2W16-45) [4]
is selected and connected to modified pressure switch.
When the input force exerts to the piston rod the air
volume in the cylinder is obtained and passed to the
modified pressure switch.

The single rod cylinder (SMC model CDI2B-16B) is
directly contact to another end of the through rod
cylinder in order to produce return force. Then (5) can
be expressed as:

v =~f2gh=/2x9.8 m/s’ x2m = 6.26 mV's

Hence, the velocity v = 6.26 mV/s is set as v, in (1) and
Ax 1s the depression depth of the backing material that is
20 mum therefore, the acceleration « is -980 m/s” and (2)
provides the net force F is 1022.14 N. Then calculate
the return force by (3) so that the area of the sphere
surface is approximate 2732.58 mm’ Therefore the
density resistance of the backing material in term of
pressure is approximate 0.374 Mpa or 0.374 bars. This
value is set as the pressure for the single rod cylinder in
order to generate return force that equivalent to the
density resistance.



3.2 Modified air pressure switch

The function of the air pressure switch is to convert
the air volume to electrical voltage. Here, the pressure
switch of the washing machine is employed and
modified. Two permanent magnetic bars are installed on
the little piston inside the housing of the switch. When
the air volume is admitted, the diaphragm extends along
the inner wall of the housing and moves the piston rod
upward. As the result, the magnetic bar is close and far
to Hall Effect sensor. The coil spring is used for return
the piston to the initial position after the releasing of air
volume. The rod moving distance ratio of the trough rod
cylinder and the piston rod of the pressure switch is
1.0:0.2 mm. The structure of the modified pressure
switch is shown in Fig. 3.

Push-Fush

F:a approach moie
L

i-Hall Effect
L Sensor

~=

~

Magnetic Bars

A

Air volume in
Fig. 3 The modified air pressure switch

3.3 Hall Effect sensing device

The Hall element [5] is constructed from a thin sheet
of conductive material with output connections
perpendicular to the direction of current flow. When
subjected to a magnetic field, it responds with an output
voltage proportional to the magnetic field strength. The
voltage output is very small (17 and requires additional
electronics to achieve useful voltage levels. The Hall
Effect sensor is considered to employ in the force
transducer because it provides a linear output voltage,
fast respond and cheaply. In the modified pressure
switch, the Hall Effect sensor is mounted to the housing
between the magnetic bars with Push-push approach
mode [6] as shown in Fig. 3.

As the air volume is admitted, the piston is moved
upward, it raises a magnetic bar that actuates the sensor

and the output voltage is obtained. When the air releases,

the coil spring causes the magnetic bar to lower thus
reducing the output voltage of the sensor and it 1s
proportional to the magnitude of magnetic field. Since
the field magnitude at the particular point is
proportional to the moving distance of the piston. The
voltage range of the use sensor is 0-5 volts with the
cylinder stroke of 0-45 mun. A transducer calibration
using the precision presswre indicator calibrator Diuck
DPI 605 provides graph that the voltage output tend to
be linear as illustrated in Fig. 4.

4. THE IMPACT FORCE MEASURING SET

Each part of the dissipated force measuring set is
described and explained for more detail.
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4.1 The impact absorber

The function of the impact absorber is as same as the
clay backing material where the back surface of the
armor is directly contacted. The impact is absorbed and
passed to the transducer for converting the dissipated
force on the armor into electrical potential signal. The
designed absorber is made from 25 steel round bars
which are arranged 5 in rows and 5 in columns put into
housing of the absorber as shown in Fig. 5. Each steel
bar can independently move and has diameter of 0.92
mches (23.4 mm) with horizontal moving distance of 50
mm. The absorber surface covers the approximated area
of 25 in>. The size of absorber surface is designed
according to the biggest size of the BFS depression
produced in the back material by testing with tradition
method.
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24 2.6 2.8 3 3.2 3.4 3.8 3.8
Fig. 4 A transducer calibration graph

Fig. 5

The impact absorber (left) and the set of 25
Transducers (Pneumatic cylinder part)

4.2 Transducers

The principle of the designed transducer is already
described in Section 3. The number of transducer is 25
as same as the number of the impact absorber shows in
Fig. 5 (right). All of the transducers are calibrated with
the precision pressure indicator calibrator Druck DPI
605.

4.3 Data acquisition (DAQ)

The function of DAQ is to receive the obtained
analog voltage from the transducers and then converts
them into digital signal for recording the data. The
Advance Tech Data Acquisition product PCI-Card
model C11715U is considered to use in this work. There
are 32 channels for analog input with sampling rate of
500 ks/s which should be sufficient for capturing the
impact force in the same time.



4.4 The processing part

This part consists of two components that are:
Hardware and Software. The hardware is a computer
where the DAQ card is installed. The software Labview
is used for controlling and processing the DAQ in order
to measure and record the impact force data. The
recorded data 1s calculated and improved by the
interpolation method in MATLAB for visualizing the
graphic of the dissipated force on the testing armor.

5. EXPERIMENTS

The experiments were process follow the step of NIJ
Standard-0101.04 for soft armor testing [1].

5.1 Calibration test

To test of measuring set with the drop weight by
dropping free fall of the still sphere onto the measuring
set detection area as shown in Fig. 6. The result from
this test is compared to the tradition method. As the
result, the measuring set can capture the impact of the
drop weight as illustrated in Fig. 7.

Fig. 6 Measuring set calibration with the drop weight

Fig. 7 The 3-D plotting of impact with the drop weight
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5.2 The armor perforation test

The armor perforation is tested by firing the armor
that place on the backing material (the tradition method)
as shown in Fig. 8. If no perforation through the armor
panel, then test by using the measuring set. A sample of
fabric armor type was tested. It was shot 3 times with
the 380 ACP Full Metal Jacketed Round Nose (FMJ
RNN) bullets by the shooting set (Fig. 9).

Backing Material
Fixture

Armor Panel
Line of Flight

Stop Trigger (1 & 2)

Fig. 9 The shooting set and the proposed measuring set

The first shot of the sample for the perforation test
and another two for the impact visualization. The results
from the shooting test are plotted as shown in Fig. 10.
As the comparing the results of the first shot using the
backing material to the measuring set, it is found that
the shape of the BFS depression in the backing material
almost the same as the graphic result from the
measuring set. Due to the uncertain of bullet velocity of
each shooting, therefore the depth of the bullet is not
equal.

6. DISCUSSION AND CONCLUSION

The prototype of dissipated force measuring set in
Thailand and experiments has presented and
demonstrated. The main objective to visualize the
dissipated force on the armor panel when the bullet hit
the armor can be achieved. Also the experiments results
tend to the same way with the results of the tradition
method using the backing material. The useful
information is able to help the researcher in developing
of the soft armor.



BFS depression in
the backing material

Fig. 10 Comparing results backing material and the
measuring set

However, there are still errors and shortcomings need
to be improved. For example there are the offset level
exist at the transducer output due to each modified
pressure switch cannot be calibrated to reach the same
level. The accuracy of each the transducers is required
to be more accurate. Moreover the programming is also
required to improve for more convenient to capture the
dissipate force because the program is still running in
the manual mode.
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