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velocity is obtained by the equation of v = s/t. The 10 % gelatine at 4°C was prepared in a block
of 6.25%6.25x16 inches as wound ballistic tissue stimulant. This kind of gelatine has a stimulant
density close to the Human tissue density , which is suitable for pistol gunshot testing. The
gunshot experiment was carried out by shooting a bullet into the gelatine block with different
distance. The photopraph resulted bullet wound and bullet trajectory were collected and the
simulation of incident force on gelatine was done in order to compare to bullet inlet wound at

different bullet size. All of this experimental database will be utilized in criminal investigation

and forensic science.

Wound and Bullet trajectory Analysis and Comparison in
Forensic Science

Mr.Kittipong Limwichea

Mr.Chokchai Kiratiphaisarl

Applied Physics Faculty of Science

Applied Physics-Science and Industry Instrumentation
2007

Assoc. Prof. Dr. Jiti Nukeaw

Pol.Lt.Col.Keerate Plackbanjong

Pol.Lt.Col.Subphareark Arpomnrat

Miss.Matchima Saysopa

ABSTRACT



naanssulszna

= dy o o 1 ¥y - A ¥ o o

Tassnuiryimusadusegar Il 1ddddiesnnnldasumsmivayy uas
° o Ao aa 4 P Yo o =< = 9/ = 9 n’:
Auuzihnann sa.as.38 vyud A ldduuzinSnyimainmsaisanasan) wisuns
Ugnisderauldindnumaaueginnils

vovoupuaniuilanumansuaz vewlflidans IHenteuduuazarsnadnimg
LEA(QOS Lab) AitinTasiianazgnsainilszdntam e liindnu 1dlsluTas sy
d’ &2 Yo ¥ 9! a e a.’y v d’ d‘ ol o oo o 4‘ ¥
il sudadinnmiludesdfiamstidan Tidnzidlu Aqhaoiuiddinemans ineuld

14 1
At uazuuz lugnadu vouguing dninddeu Tumalulatnszromndriaranszii
E] o Yo o ¥ =2 ¥

uaziivouq haotliduuzihuas 1aAnSnyddunlasanon

gathedesvoveunuiia msamnendudidale s uuzdhuazmivayuluyn

¥ oy A
ATURIYALTUD U

¥
WaheAneY  Audmes

winlyads A3a lnema



AR

unfrgen 1y Ine
UNAALDNTHIDINGY
AnAnssulszme
RAPRIL
MIVYAITN
a3ty
4 .
uni 1 umi
1.1 dsgdannuiluinuazanuddgves Tasaaunieny
[ 'd =
1.2 Jagilszasnvealnsanuniny
1.3 Y0UIUAYDY IATINTUNIAY
o ] ) a
1.4 dszTominimanz 1asuainTasaaruniem
4 - .
UNT 2 NQURUASHANMS

2.1 m}ﬁﬂu (Firearms)

o & W ey . .
2.1.1 ﬂa"lnmsmﬂmlmﬂumﬂﬂmm (Semi-Automatic)

2.1.2 nszquilu (Bulten)

22 ﬂﬁ'ﬂmsmﬂﬂmgaé’fummnszqu (Muzzle Velocity Measurement)

2.3 TuUANMSFULRAZN1TAD(Momentum and Impulse)
2.3.1. Tusuay ( Momentum )
2.3.2 115Aa ( Impulse )
— s g o o
2.4 y2iov s W luseawua
= Y] g
2.4.1 UNIFIDYNUTUBY
2.4.2 3oy lvvsuvauazitou lusudu
3 ar = as d = o
2.4.3 Yupaun llveeszidouds W ludedwud
N »
UNN 3 IFTUADUMTAULUNT IATINUAIAY
- @ 3 ¥
3.1nTpeiannuismuveInsyauily
[ H' Y] g ¥
3.1.1 drlsgneuvsunsadianus 2y

9/ s o ar -
3.1.2 ‘Uﬂﬂ')ﬁ53331uﬂ15ﬂ1ﬂ15]ﬂﬂ311~1!5jﬂu

- B & <

—

[ 35 IR S B S

10
10
10
11
12
13
15
18
19
20
20



CRRILT

Wi

3.2 1901AU (Gelatin) 21
3.2.1 foyainsafumaniu 2

3.2.2 I3 mswan1faemay vuia 20 Yeud 22

3.2.3 38 sHerud 23

3.3 msdaeauudiedt W ludedmudduTdsinsy ANSYS 23

L4 ¥ *
33.1 Lﬂumiﬁﬂﬁuh%’uﬁugmﬂauﬁnﬁmﬁamﬂzﬁ (Preliminary Decisions) 24

o kS ] = o
3.3.1.1 Ml mdeshinsinsizaguuuvesilym 24
3.3.12 My miadesiinseriilgviveslnssad 24
[ < 9 - o ’q ¥
33.1.3 Wlu wisnoudeneamua Wz ay 25
332 miiﬂgﬂxmu ( Preprocessing ) 25

3.3.2.1 mismuagluuy uazdnslunisden (Define element type and 25
option)

3.3.2.2 MsfmuAA1LDI83MIT2nouTIAeR (Define element real constants) 25
3.3.2.3 MIMNUAANYMUE V819 (Define material properties) 26
3.3.2.4 myahauuiinealugiuuuveusvingia (Create model geometry)27
3.3.2.5 MIMHUALAZAIUAUNITNIINUT AU (Define mesh controls) 27

3.3.2.6 MIN1IWAUAU TATaaF19AMHUR (Mesh the object created) 28

3.3.3 3 msudtlaym (Solution) 29
3.3.3.1 MIMMUANITUITYA0U 19 (Define loads and conditions) 29
3332 mmf’{i]mumummaﬂﬂﬁ'm (Solving to certain the solution) 29
334 ﬁuﬂauqﬂﬁ'w (Postprocessing) 30
o el ¥ s v
3.3.4.1 WAAWBN 1A IHAHAANT (Read result data from result file) 30
3.3.4.2 WAGNT (Plot result) 30
33.4.3 MISUAAIVDINAAWS (List result) 31

3.4 MANINT s lUNMININISNAaDS 33



Ay

unii4 wansnaaes
4.1 MyiannusIau
4.1.1 minageu aA1w T lunsdudayniuued sensor
4.12 m5UszgnalFTsunsy LabVIEW
413 wamsiannusidu
42 a1y iufilflumsnanes
4.3 M3AURAMAY
4.4 A3 TINTIZHLIALHA
4.4.1 WnsizHIauNadvens yeuily
44.1.1 HavBUVAAAUT BadagnnTzquIUILIA 45 ACP FMJ
4.4.1.2 HOYBAVANAUTIBIAIWNTZAU 380 FMJ
1ag .380 FMJ Semi-Wadcutter
4.4.1.3 HOVOUAMAUTBIRIWNTTYUYUIA 38 Super FMJ
1Az 9 mm. FMJ
442 M3AATEHIdveInszquIIn AR LA TIAAINMIE

4.4.2.1 F0vonsequiNiNAnINMSBIRWYNNILYU 45Auto FMJ

4.4.2.2 F0veanszquilinan91nN1589RIUgNNTZEN.380 FMJ 1az.380 FMJ

Semi-Wadcutter
4.42.3 F0voans quiitianINN 18R 109NN 7219 mm FMJ
17$.38 super FMJ
4.4.3 HOMIAIATIZHLIALND
4.4.3.1 MIAANSEHIAMUUIIDNS T qUYBY
4432 msrimsEdRanuyveuitnsrquily
4.5 Simulation 19921AY

4.5.1 MIAMMUIUHITINATSNINUINANIAY

35
35
36
37
40
43
44

45
45
46

47

48
48
50

52

54
54
59
61
62



AUy

4.5.2 MSIAVUIALIAUHAINNIS Similation
uniis agransmaass
5.1 #31lwam sy
5.1.1 m3taanusAuveanssay
5.1.2 MIANLAAIAY
5.1.3 MIINzAURaniAAIINMI
5.1.4 Simulation
Jorauauus
(EAAITH19D4

MARUIN

68
71
71
71
71
71
73
73
75
76



ATV

a @ ar 4
A15190 4.1uans wansnadou aw T lumssudyauvouruses
~ v g A 4 v
A5 4.2 ugasmdeden NS uveInszguily
A3 4.3 AR TUNHATYBINTZAUUARZYUIA
M15199 4.4 uaasvuiannuavenszauluauKaRinAINNITES
M5190 4.5 waasmn ¥ lumsnusinanasznuveIns s quINIAA g AuaaiAY

319N 4.6 HAAIVUIAYDINIAUKANIUTIVDIGNNTZYUYNIAA ) 910 Simulation

37
42
43
61
63
71



a5ty

31U 2.1 dailszneuveseiysiiu
=' a 3
319 2.2 uamnalnprsianuvesiiuluduusn

v ¥ [
519 2.3 uamanalnmsiianueestiuludunans

U

1
o

717 2.4 wamanalnmsmhanve st ludufia

U 2.5 wamanalamsinanvesth lusuid

3107 2.6 yamanalamshavesthluduiivh

31U 2.7 uaasnalnmsianvesiiulasswanmenusn
il
1
11l

U 2.1 ke duvusaieg nldmsfnasidaduay

2.8 uaaslassadveanszauily

=h.

[ [ o
2.9 LAAIMANNMTIAANUITIAY

=h.

o o ¥
2.10 uﬁmmnnwmmamgﬂﬂm

=n.

e

.

1

1 o ’ " = L4
Ui 2.12 wiuTanziidiudrenallyminse Iz

51 2.13 mssavaniulansd

WAT A AsLNeM Tz HAY
= st ] & Al
zlisyTBHame Tl
= o ] 9 o s A = o 3
31 2.14 Msvasauru TansArsedwuaiNeMs T zHAY
=t as d = &
seidiou s I luawdwud
P [} ] = o 1 @
31i#i 2.15 msuiagdsvesilymesnithuednuavinamig fu
P = 4 - P 9 ] ar (X} - 1
51191 2.16 wdAwuaaumasufilsznoudie 3 yarauazd lujmnyane
1
1

= a ' ¥
gﬂ“ﬂ 3.3 UAAINALIAIAU NDUAL

¥
3.1 laozunsuiunaumsauiinaIuIiy

&t
=

3.2 uAAad s ENoUANn YR AT B TR NUT AU

ean
=

h.

=

= ¥ Y
11 3.4 uEAe aAU AAUETUAT

711 3.5 uaae wadu Ml wdhudhlunsse
517 3.6 Ta)sunsu ANSYS

517 3.7 mssamavealusunsy ANSYS

= = a o 1
Elh‘l 3.8 ﬂ'liqu‘ﬂuﬂ‘ﬂﬂ@lﬂﬂmuﬂl!ﬁzﬂ'ldlﬁﬂﬂﬂ'lﬂﬂ

1

) a o o a as a 4
7Un 3.9 msszlsnaniumedmiveaud

10
12
13

14

14

15
16
18
19
21
21
21
23
24
25
26



w
a5Uy s
(TR ]
3U7 3.10 Mmsfmuaguaulianmanenmvesiag
U 3.11 msadrasuudiana

1

19 3.13 N3 1 Tl sunsy ANSYS iinsdnaudszuuaums

eant

=h.

3.12 MIMAUANMANYULUDINT Meshing

et

dat

17 3.14 Tilsunsu ANSYS ideudiosuaioudy
AL
3l
U 3.17 msuaaalSinalan

1

ﬂﬁ 3.19 UISHINIANTTATUNNTTNAQD

aah

=3 =
3.15 mswasamsidegy

=h

T

-] =
3.16 Wﬂﬂﬂﬂ15ﬂ'§$ﬂ1ﬂ‘u@\iﬂ'§u1m1ﬂq

ean
=h

1.

W1 o owey P = -9 =
3.18 gyaunlfidaunauingiiugivsiil

Y

et

£ant

19 3.20 msanmslderysihudiodu

1
1
i

51#i 4.3 uanImInBuasaIULEITes

T

51l% 4.4 uaauervinah lAnnmsnadeou

et

ad o 4 ¥ ¥ =
3.21 UAANIENI mmmmsmuiﬂugwmmmu

eun
=h.

= o -1 1
1 waaersniiusuaes lilao

eu
=h.

4.
o d
4.2 memmnmmwﬁﬂmaw

h.

h.

317 4.5 nansiladFuves DAQ Tumsidendunniumdaa unnmouen

717 4.6 ueraalnezunsy vosdunnfisum Tnouananadunsv

310 4.7 msuaaawalasTusunsy Lab-View

Ui 4.8 Fygunnmueed Tasmmnmundyg aviasiim

317 4.9 uamalaezunsy vealsunsuifanun Faazldmvagaana wasanuds

317 4.10 oS u Tsunsu wazhimsdadoyaiiuees
Tisunsunezmumsioeninld

U 4.1 uamsgilnsaiTannunddu

71 4.12 uanensmuanem lumuduvonszquigaz LA

717 4.13 uanev1757 13 unInanes

P a dy o ¥
51]1’] 4,14 1A A UNALTIALAD

519 4.15 uamaniseassozilssya

7]

=4

26
27
28
29
30
30
31
32
33
33
34
35
36
37
37
37
38
39
39
40
40
4]

41
43
44
45
45



w

CRRITREL

UM 4.16 HAAINTTITZOZ 1A

-

=

U 4.17 Gedrognnszauiluvuia 45 ACP FMI luszozilszda

eaNt

ﬂﬁ 4.18 amrugnnsyaquiluvuin 45 ACP FMIlussos 1 was

317 4.19 Bedugnnazauiluvnuia 380 FMIuay 380 Semi-Wadcutter FMJ
luszezilsz¥a

31 4.20 Bedrwgnnszauiluving 380 FMIuAg 380 Semi-Wadoutter FMJ

Tuszoz 1 a3

h.

51 4.21 adognnszguiluu1e.38 Super FMI iag 9 mm. FMJ luszezilss¥a

h.

11 4.22 Badrwganszquiluvuia.38 Super FMJ 1Az 9 mm. FMJ luszos 1 mns

h.

517 4.23 uwadudheigatly Kimber Aognnszquiluvina
ASACP FMJ Tuszezilsz¥a
517 4.24 unadudnaidad uilu kimber drognnszquiuving
45ACP FMJ luszuz Lums
;i"lJ 4.25 Lmamumwmmuﬂu Smith & Wesson ﬂ’JUﬁﬂﬂ‘iwﬁuﬁuﬂ‘um
ASACP FMJ luszozissia
317 4.26 unaduda7iBad 1wty Smith & Wesson davgnnszgquiluiuna
ASACP FMJ luszog 11035
311 4.27 uwad s e#iad 20 Pu Smith & Wesson {4 Walther A28gnnizguiluving
380 FMJ luszezilsz¥a
= ¥ ¥y da oy . ' ¥
5171 4.28 uwad Ut a163A 20 Tu Smith & Wesson U Walther A28gnnszguiuvwIa
380 FMJ luszoz 1 as
= ¥ ¥ Aa W . v 4
5100 4.29 uwadudranted e T Smith & Wesson 34 Walther 4289003z quiuvig
380 Semi-Wadcutter FMJ Tuszozsz¥a
- ¥ 9 Ao ¥ . ' 1
111 4.30 usad e s 9920 T Smith & Wesson T Walther A28gnnszquiuvig
380 Semi-Wadcutter FMJ 1uszoz 1 a3
a ¥ ¥ Ha oy .
gﬂ‘n 4.31 uHanuinangan ety Browning Qﬂnizquﬂu UUIA 9 mm. FMJ

Tuszozilszda

45

46

46

47

47

48

48

49

50

50

51

51

52

52

53

53



a3y

< Y Y an ¥ .
3171432 unadudeiigsd 161l Browning gnnszquilu yu1a 9 mm. FMJ 54
luszoz 1 a3
51914.33 unadud19ndeRotlu Colt gnaszauiluving 38 super FMJ luszozilszdn 54

= [ - Y
51]714 34 Lmamummmmﬁu Colt aﬂﬂﬁ"ﬂuﬂuﬂlqu .38 super FMJ 11453&'5 1 1uas 55

51Jﬂ4 35 yaRLIALHATIQN R IBNszaY 380 EMJ TuszozilszFaiiziimmimse 56
d » = d.

71436 uaaiauraigniafaonszeu 380 FMI Tusgezdseda Mimskaunun 56

0veINTTIU

3114.37 uetaIAUHATQNEAR 19N 380 Semi-Wadeutter FMJ Tuszozilszda 57
Aoufinziimsnl

71714.38 uenanIAurafignBadlegn 380 Semi-Wadeutter FMJ Tuszoz)lssFa 57

ABUNIZTHINITHIATWILITDVOINTEYY

314,39 uarmataumafignBadaonszeu.380 FMJ Tuszey 1 was foufiaziimsdn 58

3071 4.40 uaRaAUHATBIgNRIBNIZ U380 FMJ Tuszes 1 wms 58

gﬂﬁ 4.41 WEAILIALNATIGNBIAILYN 380 FMJ Semi-Wadcutter Tuszoy 1uas 59
naufiaghnige

317 4.42 waranAumafignBadangn 380 FMJ Semi-Wadcutter Tuszuz 1 w3 59

nau‘nmmsmﬂﬂmnum'\lmmﬂs:qu.

U 4.43 ueraanisidaniuenauIvesianszau 60
717 2.44 nrasmsaianuuinesvaaaaduasu Tsunsy 62
U7 2.45 uarasnisuaBiannAY UL IA0S 62
317 4.46 umasns ldus el figaNode Aidoants 63
gﬂﬁ 4.47 meﬂsMuﬂmusqﬁﬂszﬁﬁumamﬁumaaﬂﬁzquwmdnq 64
gﬂﬁ 4.48 11994 Displacement vector sum U9INIL{ U .380 FMJ 64
3171 4.49 UAAY Stress intensity VOINTEAW 380 FMJ 65
gﬂ‘vdl 4.50 uaAAN Displacement vector sum Y8INIEYUW .380 FMJ Semi Wadcutter 65
gﬂﬁ 4.51 LAA Stress intensity YOINTT YU .380 FMJ Semi Wadcutter 66
717 4.52 A3 Displacement vector sum VYB4NILALU .38 Super FMI 66

3UN 4.53 LRI Stress intensity YBINTSAY .38 Super FMJ 67



CRRNLTES

ﬂﬁ 4.54 11a/A3 Displacement vector sum ¥9303¢AU 45ACP FMJ
“JJ 4.55 LLeIAY Stress intensity Y9NTSYU 45ACP FMJ
‘ﬂﬁ 4.56 1a/@4 Displacement vector sum VY8INITYUIMm FMJ

17 4.57 1A Stress intensity YBINTZAUImMm FMJ

&an

ﬂﬁ 4.58 l!’dﬂiﬂ'l'i’Jﬂ"l]‘u'lﬂ‘]hﬂ’iﬂﬂlll’«lﬂ“l’l'N!“U'ﬁ]'lﬂﬂTi Simulation

67
68
68
69
70



4
unn 1
uUnm

1. 1 dszFanrunthanuazasmaayvedlnssniuiiay

Vvyiiua 0iulAIneImans CIFS ( Central Institute of Forensic Science Thailand )

[ 4
=

ﬂ 1 A = Ao 0 o P’ o § = )
WHMHINHHUIYBINTENT NYATIINNUANUTTIAYUID maamn‘luﬂwuuu‘lmnﬂﬂﬂ

} 4
1 o o ] 1
91993 TNAN T Ui un TasueeAf DR s FuaIue LY YIARDLINKANTS

a

¥
fumuaeuminlumnhddnssiiaduinaliny  Mlddesodandnnsmainnmand
v
wazina lu Tatadelvadnuntolumsfuaumouaiu  sniulussuumsasivasunieia
a F] o Y - = Y] o [
Innenanssedriiudediynansiinnuianuamnsaemems Taoewmziuedanud
= o 1
M uInemaasiinyislunisduaumasuaiu

= =l’ 1 4 - o ' o P ] -5
'114Tﬂswmwaﬂyu1ﬂsanuaﬂUﬂqmmmsm'mﬂamﬂqwmu mati‘luﬂmuamnua

@  aaa 4 [ red 4 o o
vosanniuiammnans  laoaadiulnghduaudsuaiuszihuidesiversiiu e
aa L] 1 4 o a4 ) o o o YA a ad
dluerysifieynmlumsiarsdragauazdilininonarsia narwode vlddeifanad
J : L ﬁ. it 4
1Fenpsiluiuiu fianumnediets lunsFuauasuaiung litnaiunszquinl¥adiu
= a a o = = ] ﬂ d [
nszquila vy wanh vy nszquiugnissenutlusismislanssezdlunisinuihdutiy
a o = ¢ ] v o ° 1
nndAssasdonaziimiiingsied  FnszuaunsFuauasuaiuagmariseih lignts
& o 9 oo & = J Y o =5 & a o
dignsziwanaslny  Falulassnumeeil laiinisAnyusesvemsinsiziuiauxa
= i o LY + o [ = o s
uardtvesnssquigniseeninludnynzdie  Tavordondnmisinuimnaaineidnd lu
4 1 [ o = ¢ o d o
(3839913 9 WIFWRINTIRIEE T mamianuSduvensequily Tuudumssunes
= : ° & . . & = EI’IV ) =
msaa BnnImsiualuiSesves Simulation N3y Falulnsenunemwilds1dldeaau
. = o d = 0w = o o i
(Gelatine)  wasuTTnuetitla lwdunia i1de usardusiaiimildlunnaaoy
1 4 »
M3ts Tasanunuiwiuveusardusiiatiszin lndifvsdvaumuunivvendinile
L4 & o ° ) o
wypiinn Sadwuiiudhnaassmsdumuiywd
o o = ayd' 9 o =< = o A aa :;
dwmsvlasaaumaninladinisAny1ids TuFesvesmaunatazitnssquiludi
hind = L g 1 4 o [} W @ aan [4
waninmsdsvesensiiuludnvasdieg  Menuilugmdeyadmiuaoniuiidinnmans
A o 9 o = 1 o Y I's
gz 1 lddssTond Tasmsweuidoudeyanldinisasisdinszvivinuiaunaves

9 -~ a & o 9 =S d A J
fg}gﬂﬂﬁiuﬂﬂﬂ‘lq 9 Wﬂﬂ3ﬂ111’fﬂ1iﬁﬁﬁ']uﬂUUﬂ'JuUﬂ?'lﬂﬁ:ﬂ?ﬂﬁ?ﬂﬁ'lﬂ’lﬂllw?'llu



ar 4 a
1.2 ingiszasnveslassnutinm
A 8 LY & L= r o 1
1. vefnymanmahausw lufinalnasquesenys tusiianiag
- 4 o a4 A " A g 1 A gy
2. WiefnymianuEdu vesgnnszquituiigndeenni hinnudwnlameldluns
¥
Aruraan 1y TuTnssnunieil
3ufefinminaziinsgnaunatifneinnrsgelugduynd1eq 14 Taoldldsunsu
Simulation lumsswfiuisuazinsiz Idusd1ed
A 4 = dad Aa 9 - a d?‘
4. efinewazInTzInvsnszquiluiivseomn lAnimnauranifaiy
< ¢ ° ¥ Yo v Ao o =] a2
5. aiduihuiuiiugdeyaisuaoniuddinemaas lumsduawasuaiungd

miignseine

1.3 YBUIWAYBAIATIUTIAY
- Av LTINS = - Y s Y- “Sa
Tasenuiem il idinsanyilu Seanisinziuauna uazidnszquiluiiia
o o a o o £ o W td'd o
91nA15549v89971751u TewldvaduvesuSivuedilla lmdunida $ifia Niguinvuzaiy
r 9 e a ' LY d, o ° o
wiulndifssfuniumumiuvesnduieuyudun wsraeuifudumuuywilv
= o T o < : Q‘: b 4 e I A - o
a3t ludnumzaigiuesnlyd  Fludussuusmindesiinisairuniesdioianny
g & 4 d .
Frduvaanszaquiluiun omanuirluassuvesnsrquiluuas i 11414 luns
o : ] : ° = 1 ] A a4 a d e
Anuluduasude il mimiuiinisdanseguaniaaien ldeaauiniomer1d uazmi

~

s a P 4 ° a '3 ° . . o : =
UTﬂllNﬁ'ﬂlﬂﬂMﬂﬂﬁUﬂﬁ u'lli'l'.llﬂi'l:'ﬂﬂﬁiﬂﬂﬂ'liﬂ'lu')m Simulation uﬁ"mmaw"lﬁ’mnﬂﬁua

¥
aa s

L2 > 1Jg = o A e ﬂ ¥ ° 1.1J1yy a o J
VUADZANHUSUHULUTIURBUAU INENUUUTINUBYD LasU) F¥OOINUARANNAYUNII

@ aas a1
aovusiammeansas

1.4 dazlavifimaheInsvaniassnuriny
= ¥ 3 = [ L=}
1. Sanudanudhhiforduersthuiiueded
2. fimwdanudlaforfunguiae i ldlumsdnnunneuwaldiiu od19@
p- ] =t P o ' a @ ¥
3. Tadanud ez ansanffeunouineaumaiinumuitunisdaludnuuslala
4. M ldlugudeyadmivlunisfuauasvaiuadfiiforystiu uaziililums

a = d4_ 4 8 q ¥o o 3 ) g1 &
Aueuaepmuiismgd Faeiibhihdadnsehimmnadine iy



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



& a ¥ o [ N ~ = ' ' Y o N o N
wnansiidwenasianubdmsunislynuienisnwiniiu lueygislmihlulsyszlesuaunisan

lunnsailag edu BnviamudiludiauUadilent uavnesendisaivetenaisynasanidnisiluly



10

2.3 Tunrufumsyunaznsng (Momentum and Impulse)
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Computer Science

Visualization

Finite Element Method
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33.25 1.0 1.5 0.7 2.0
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ORLAESE
435 Route 206 - P.O. Box 366
Newton, NJ 07860-0366

Ph. 973-579-7227
FAX 973-300-3600

FDS100 Si Photodiode
High Speed
Large Active Area

The FDS100 is a high-speed silicon photodiode with a spectral response from 350nm to over 1100nm.
This photodiode has a PIN structure that provides fast rise and fall times with a bias of 20V.

o 0. 1§t
(@0.37)
Electrical Characteristics e ‘;;;fg';" (J.a?-)
0057

] !

Spectral Response:  350-1100nm 1 o il |

Active Area:  13.0mm? - e

Rise Time (RL=500): 10ns (20V bias) {

Fall Time (RL=500):
NEP@900nm:

Dark Current:
Package:

Maximum Ratings

10ns (20V bias)
1.2 x 107 WivHz
(@20V bias)
20nA max (20V)
T05, 0.36" can

- L- 20,46

Damage Threshold CW: 100 mWicm?
Damage 10ns Pulse:  500mJ/cm?
Max Bias Voltage: 25V
. - . 20.14

Pin Description 20,36

1. Detector anode

2. Detector case

3. Detector cathode Bottom view e

{0.400)

The Therlabs FDS100 photodiode is ideal for measuring both pulsed and CW light sources, by converting
the optical power to an electrical current. The Si detector is housed in a T05 can, with an anode, cathode
and case connection. The photodiode anode produces a current, which is a function of the incident light
power and the wavelength. The responsivity 91(1), can be read from Figure 1 to estimate the amount of
photocurrent to expect. This can be converted to a voltage by placing a load re5|stor (Rioap) from the
photodiode anode to the circuit ground. The output voltage is derived as:

Vo=P* 91(1) * RLOAD
The bandwidth, faw, and the rise time response, tr, are determined from the diode capacitance, C,, and
the load resistance, R oan, @5 shown below. Placing a bias voltage from the photo diode cathode to the

circuit ground can lower the photo diode capacitance.

wa = ]/(27[ * RLoan ‘CJ), R = O35/faw

0637-S01 Rev E 6/19/06



Typical Circuit Diagram

Noise Filter (Typical Values) FDS100

oy ¢
1

AR
RLOAD

*-%

Typical Plots

Figure 1 - FD$100 Spectral Responsivity Curve

et
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o
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+

o
2]

Responsivity (A/W)
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o
[N}
¥

o
-

300 400 500 600 700 800 900 1000 1100
Wavelength {nm)

Typical Responsivity Curve using Thorlabs calibration services.
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LM324, LM324A, LM224,
LM2902, LM2902V, NCV2902

Single Supply Quad
Operational Amplifiers

The L.M324 series are low—cost, quad operational amplifiers with
true differential inputs. They have several distinct advantages over
standard operational amplifier types in single supply applications. The
quad amplifier can operate at supply voltages as low as 3.0 V or as
high as 32 V with quiescent currents about one-fifth of those
associated with the MC1741 (on a per amplifier basis). The common
mode input range includes the negative supply, thereby eliminating the
necessity for external biasing components in many applications. The
output voltage range also includes the negative power supply voltage.

Features

¢ Short Circuited Protected Qutputs

® True Differential Input Stage

*® Single Supply Operation: 3.0 Vto 32V

* Low Input Bias Currents: 100 nA Maximum (LM324A)

* Four Amplifiers Per Package

* Internally Compensated

¢ Common Mode Range Extends to Negative Supply

¢ Industry Standard Pinouts

* ESD Clamps on the Inputs Increase Ruggedness without Affecting
Device Operation

¢ NCV Prefix for Automotive and Other Applications Requiring Site
and Control Changes .

* Pb-Free Packages are Available

© Semiconductor Components Industries, LLC, 2006 1
October, 2008 - Rev. 20

ON Semiconductor®

http://onsemi.com

PDIP-14
N SUFFIX
CASE 646

S0IC-14
14 D SUFFIX
CASE 751A

TSSOP-14
DTB SUFFIX
CASE 948G

PIN CONNECTIONS

OUHE ~ EOUM
Inputs 1 {%J}J % } Inputs 4

Vee (4] (1] Veg, GND
|npursz{%:]>1 l‘@% } inputs 3
Out2[7] (8] Out 3
(Top View)

ORDERING INFORMATION

See detailed ordering and shipping information in the package
dimensions section on page 10 of this data sheet.

DEVICE MARKING INFORMATION

See general marking information in the device marking
saction on page 12 of this data sheet.

Publication Order Number:
LM324/D



LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltages Vde
Single Supply Voo 32
Split Supplies Vee, VEE =16
Input Differential Voltage Range {Note 1} VDR 32 Vdc
Input Common Mode Voitage Range VicR -0.3t0 32 Vdc
Output Short Circuit Duration tsc Continuous
Junction Temperature (Note 2) Ty 150 °C
Thermal Resistance, Junction-to-Air {Note 3) Case 646 Roaa 118 ‘CW
Case 751A 156
Case 948G 150
Storage Temperature Range Tsig -65to +150 °C
ESD Protection at any Pin Vesd v
Human Body Mode! 2000
Machine Model 200
Operating Ambient Temperature Range Ta °C
LM224 -251t0 +85
LM324, 324A 0to +70
LM2902 -40 to +105
LM2902V, NCV2902 (Note 4) -40to +125

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

. Split Power Supplies.

. For supply voitages less than 32 V, the absolute maximum input voltage is equal to the supply voltage.

. All Ryya measurements made on evaluation board with 1 0z. copper traces of minimum pad size. All device outputs were active.

. NCV2902 is qualified for automitive use.

AWK =

http://onsemi.com
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LM324, LM324A, LM224, L M2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vcc = 5.0V, Vgg = GND, Ty = 25°C, unless otherwise noted.)

Characteristics

Symbol

LM224

LM3244

LM324

LM2902

LM2902V/NCV2902

Typ

Typ

Max

Typ

Max

Typ

Min | Typ | Max

Unit

Input Offset Voltage
Voo =50Vio30V
VicR=0Vto
Voo -1.7V,
Vo=14V,Rg=0Q
Ta=25C
Ta= Thigh (Note 5)
Ta = Tiow {Note 5)

Vip

20

5.0
7.0
7.0

20

3.0
5.0
5.0

20

7.0
9.0
9.0

20

7.0
10
10

7.0

myv

Average Temperature
Coefficient of input
Offset Voltage

Ta= Th'ﬂ’\ 10 Tiow
(Notes 5 and 7)

AV|o/AT

70

7.0

30

7.0

7.0

uvrec

Input Cffset Current
TA = Tm o Tb‘
(Not 5)

lio

3.0

30
100

30
75

5.0

50
150

5.0

200

Average Temperature
Coefficient of Input
Oftset Current

TA=T|-¢1‘OTM
(Notes 5 and 7)

Alg/AT

10

300

10

pASC

input Bias Current
Ta= Tm 0 Tow
(Note 5)

s

-90

-150
-300

-100

-80

-250
-500

=80

-500

Input Common Mode

Voltage Range
(Note &)

Veg=30V

Ta=+25°C

Ta= Tﬁw 10 Tiow
{Note 5)

Vicr

283
28

283
28

28.3
28

243
24

243
24

Differential Input
Voltage Range

Vior

Vee

Vee

Vee

Vee

Large Signal Open
Loop Voltage Gain
R = 20 kQ,
Vec=15V,
for Large Vo Swing
Ta= Th'gh to Tigw
{Note 5)

AvoL

S0

25

25

25

25

15

100

25

vimv

Channel Separation
10 kHz < f < 20 ¥Hz,
Input Referenced

Cs

-120

-120

-120

- |-120] -

dB

Common Mode

Rejaction,
Rg = 10 k0

CcMA

70

85

70

65

70

70

dB

Power Supply
Rejection

PSR

85

100

65

100

65

100

50

100

dB

5. LM224: Tigy = -25°C, Thigh = +85°C

LM324/LM324A: Tioy = 0°C, Thignh = +70°C
LM2902: Ty = -40°C, Thigh =+105°C
LM2602V & NCV2902: Tiqy = ~40°C, Thign = +125°C
NCV2902 is quaiified for automotive use.
6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Ve -1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude

of Ve

7. Guaranteed by design.

http://onsemi.com

3




LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

ELECTRICAL CHARACTERISTICS (Vce = 5.0V, VEg = GND, Ty = 25°C, unless otherwise noted.)

Characteristics

Symbol

LM224

LM324A

LM324

LM2902

LM2902V/NCV2902

Min

Typ

Max

Typ

Max

Typ

Max

Typ

Min | Typ | Max

Unit

Qutput Voltage -
High Limit
(Ta = Thighto Tiow!
{Note 8)
Vcc = 50 V. RL =
2.0 kS, Ta = 25°C
Vee =30V
R = 2.0 k(2
Voo =30V
R =10kQ

VoH

33

26

27

35

28

33

26

27

35

28

33

26

27

35

28

3.3

22

23

35

24

3.3 35 -
22 - -

23 24 -

Output Voitage -
Low Limit,
Vo =50V,
Ry =10 k&,
Ta= Thl'gh 10 Tiow
(Note B)

Voo

5.0

20

5.0

20

5.0

20

5.0

100

myv

Output Source Current
NID =+1.0V,
Vec=15V)
Ta=25C
TA = Tw-' his] Tm
{Note 8)

20
10

40
20

20
10

20

20
10

40
20

20
10

83

20 40 -
10 20 -

Qutput Sink Current
(Vip=-1.0V,
Vee=15V)
Ta=25°C
Ta= Tm 10 Tiow
{Note 8)
Mp=-10V,
Vp = 200 mV,
Ta=25"C)

10

5.0

12

20

8.0

50

10

5.0

12

20

8.0

10

5.0

12

20

8.0

50

5.0

8.0

5.0 8.0 -

Output Short Circuit
to Ground
(Note 9)

60

40

60

Power Supply Current
(Ta= Thigh to Tigw)
(Note 8}
Vec =30V
Vo=0V.RL=x
Voo =50V,
Vo =0 V, RL =X

lec

3.0

1.2

1.4

0.7

3.0

1.2

3.0

1.2

3.0

1.2

3.0

8. LM224: T\, = -25°C, Tpy;
LM324/LM324A; wa =0°C, Thigh = +70°C
LM2902: Tb" = -40°C, Thigh = +105°C
LM2902V & NCV2902: Ty
NCV2902 is qualified for automotive use.

9. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3 V. The upper end of
the common mode voltage range is Vg 1.7 V, but either or both inputs can go to +32 V without damage, independent of the magnitude

of Vcc.

= +85°C

—40°C, Thigh = +125°C

hitp://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2302V, NCV2902

Figure 1. Representative Circuit Diagram
{One-Fourth of Circuit Shown)

http://onsemi.com
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902

CIRCUIT DESCRIPTION

The LM324 series is made using four internally
compensated, two-stage operational amplifiers. The first
stage of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and the
differential to single ended converter Q3 and Q4. The first
stage performs not only the first stage gain function but also
performs the level shifting and transconductance reduction
functions. By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pF) can be employed, thus
saving chip area. The transconductance reduction is
accomplished by splitting the collectors of Q20 and Q18.
Another feature of this input stage is that the input common
mode range can include the negative supply or ground, in
single supply operation, without saturating either the input
devices or the differential to single~ended converter. The
second stage consists of a standard current source load
amplifier stage.

30Vto VCC(max)

— il Vec

9?9?991}
s & & 4

Vcc =15 Vdc
R, = 2.0kQ
Ta=25°C

=
3=
P
-+

1.0 VIDIV

|

NI T T T T IO YU N U
LR LEARBLAARS AR AN

—

5.0 us/DIV
Figure 2. Large Signal Voltage Follower Response

Each amplifier is biased from an internal-voltage
regulator which has a low temperature coefficient thus
giving each amplifier good temperature characteristics as
well as excellent power supply rejection.
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LM324, LM324A, LM224, LM2902, LM2902V, NCV2902
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Figure 11. Voltage Reference
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LM324, LM324A, LM224, LM2902, 1. M2902V, NCV2902

| .
Vo= = V, Triangle Wave R2
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C
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o Square Al
Wave n
Qutput
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Figure 16. Function Generator Figure 17. Muitiple Feedback Bandpass Filter

Given. 1y = center frequency
A(ly) = gain at center fraquency
Choose value f,, C
Q
xf, C
_R
2 Alfy)

R1R3
R2=———
2 402R1 - R3

Then: R3=

Ri=

Qo f
For less than 10% emor from operational ampiifier, BO_W? <01
where f, and BW are expressed in Hz.

If source impedance varies, filter may he preceded with
voftage foliower bufler o stabilize fiter parameters.
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LM118, LM218, LM318

The LM118 and LM218 are FAST GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

obsolete and are no longer supplied.
SLOS063B — JUNE 1976 — REV_ISED DECEMBER 2002

L

® Small Signal Bandwidth . .. 15 MHz Typ L';-Z':;W . 5:)(; ';A:AK:\&%E
® Slew Rate ... 50 V/us Min LM315...D, P, OR PS PACKAGE
® Bias Current. .. 250 nA Max (LM118, (TOP VIEW)

LM218) saLicoMpt [ 1 = s]) compz
® Supply Voltage Range ...+5Vto +20 V IN- ] 2 71l Vocs
® Internal Frequency Compensation IN+ E 3 6[] ouUT
® Input and Output Overload Protection Vee- [ 4 5 [ BAL/ICOMP3
® Same Pin Assignments as

General-Purpose Operational Amplifiers LM118 . . . K PACKAGE

oo . . . (TOP VIEW)
description/ordering information

The LM118, LM218, and LM318 are precision,
fast operational amplifiers designed for
applications requiring wide bandwidth and high
slew rate. They feature a factor-of-ten increase in
speed over general-purpose devices without
sacrificing dc performance.

N (] BALICOMPA

« [N

NC
IN—
These operational amplifiers have internal NC
unity-gain  frequency compensation. This IN+
considerably simplifies their application because NC
no external components are necessary for
operation. However, unlike most intemnally
compensated amplifiers, extemal frequency
compensation may be added for optimum
performance. For inverting applications,
feed-forward compensation boosts the slew rate
to over 150 V/us and almost double the
bandwidth. Overcompensation can be used with
the amplifier for greater stability when maximum
bandwidth is not needed. Further, a single
capacitor can be added to reduce the settling time
for 0.1% error band to under 1 ps.

CICTUIIET \
© N D s
a
[=2]
|
b
]

BAL/COMP3 [] =

NC — No internal connection

The high speed and fast settling time of these operational amplifiers make them useful in A/D converters,
oscillators, active filters, sample-and-hold circuits, and general-purpose amplifiers.

ORDERING INFORMATION

w | e | momes [ e Torene
PDIP (P) Tube of 50 LM318P LM318P
) Tube of 75 LM318D
0°C to 70°C 10 mv SOIC (D) reoror 2500 T oiateon LM318
SOP (PS) Reel of 2000 | LM318PSR LM18

t Package drawings, standard packing quantities, thermal data, symboliztion, and PCB design guidelines are
available at www.ti.com/sc/package.

- P —— T
PRODUCTION DATA information 13 cument as of Tpuﬂuﬁ-n date. Copyright € 2002, Texas Instruments Incorporated
of Texss Inshui

Praducts canform o specifications per the Larms nstuments g 0 compllant to MIL-PRF-38535, ofl parameters wa tested
g does not y inchide % TEXAS u&?ﬁ“n notsd. On all other products, p!'n.ducﬁon

tnsting of o parsmelors, processing ¢oes not secassarlly include tasting of ol parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1




LM118, LM218, LM318

FAST GENERAL-PURPOSE OPERATIONAL AMPLIFIERS _ . .. .

obsolete and are no longer supplied.
A

SLOS063B ~ JUNE 1976 - REVISED DECEMBER 2002

symbol
BAL/COMP1
COMP2
BAL/ICOMP3
IN+
ouT
IN-
Pin numbers shown are for the D, JG, P, and PS packages.
schematic
BAL/ICOMP3
BAL/COMP1 comp2
Vce+
20 e
100 pF T~ 5kQ £
130
- .
' N M 230 ouT
||
I 5
IN- 6 pF 3.5k 334
{I
BpF| 5K A ')_T
IN+ —4
00

!

' L

1.2 k{2 1.2 k2 00
100
> + Vec-
Component values shown are nominal.
{'f TEXAS
INSTRUMENTS

2 POST CFFICE BOX 655303 ® DALLAS, TEXAS 75265



LM118, LM218, LM318
FAST GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

SLOS063B — JUNE 1976 — REVISED DECEMBER 2002

The LM118 and LM218 are
obsolete and are no longer supplied.
L R

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage: Vocs (see Note 1) ... 20V
Veg=(8ee Note 1) L. o e 20V

Input voltage, V) (either input, see Notes 1 and 2) ....... ... ... ... .. i, 15V
Differential input current, Vip (see Note 3) . ... ... . i 10V
Duration of output short circuit (see Note 4} . ....... ... ... ... . . . Unlimited
Operating virtual junction temperature, T . ... ... 150°C
Package thermat impedance, 8 (see Notes 5and6):D package ............................ 97°C/W
Ppackage ............................ 85°C/W

PSpackage ........................... 95°C/W

Package thermal impedance, 8¢ (see Notes 7 and 8): FK package ...... e 5.61°C/W
JGpackage ......................... 14.5°C/W

Case temperature for 60 seconds: FK package ............. ... ..ottt 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG package .................... 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D, P, PS, or PW package ........ 260°C
Storage temperaturerange, Tgtg ... —65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability,

NOTES: 1. All voltage values, unless otherwise noted, are with respect to the midpoint between Vo4 and Voo

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
3. The inputs are shunted with two opposite-facing base-emitter diodes for overvoltage protection. Therefore, excessive current flows
if a different input voltage in excess of approximately 1 V is applied between the inputs unless some limiting resistance is used.
4. The output can be shorted to ground or either power supply. For the L M118 and LM218 only, the unlimited duration of the short circuit
applies at (or below) 85°C case temperature or 75°C free-air temperature.
5. Maximum power dissipation is a function of T j(max), 84, and Ta. The maximum allowabie power dissipation at any allowable
ambient temperautre is Pp = (T j(max} — Ta)/8 4. Operating at the absclute maximum T of 150°C can affect refiability.

The package thermal impedance is calculated in accordance with JESD 51-7.

Maximum power dissipation is a function of T j){max), 8 )i, and T¢. The maximum aliowable power dissipation at any ailowable

ambient temperautre is Pp = (T )(max) — Tc)/8c. Operating at the absolute maximum Tj of 150°C can affect reliability.

8. The package thermal impedance is calculated in accordance with MIL-STD-883.

~No

‘9 TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 3



LM118, LM218, LM318
FAST GENERAL-PURPOSE OPERATIONAL AMPLIFIERS

The LM118 and LM218 are

obsolete and are no longer supplied.

SLOS0628 - JUNE 1976 - REVISED DECEMBER 2002

¢ TEXAS
INSTRUMENTS

4 POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265

MR
electrical characteristics at specified free-air temperature (see Note 5)
TEST Tat LM118, LM218 LM318 UNIT
PARAMETER CONDITIONS' A MIN TYP MAX| MIN TYP MAX
Ve =0 25°C 2 4 4 10 v
Vio Input offset voltage 0= Ful range P =l ™
; Ve =0 25°C 6 50 30 200 A
o Input offset current o= Full range 100 300 n
) 25°C 120 250 150 500 A
IT:) Input bias current Vo=0 Full range 500 750 n
VICR Common-mode input voltage range | Voc+=+15V Fullrange | £11.5 £11.5 v
Maximurm peak output voltage Voo =115V,
VoM swing R = 2k Full range 12 13 12 +13 v
A Large-signal differential zgc;s; 6ﬂv SV, 25°C 50 200 25 200 iy
VD voltage amplification RL> Ik Full range 25 20
B4 Unity-gain bandwidth Voot =215V 25°C 15 15 MHz
i Input resistance 25°C " 3 0.5 3 M0
CMRR  Common-mode rejection ratio Vic = Vigrmin Full range 80 100 70 100 dB
Supply-voltage rejection ratio
ksvR (AVeo/AVio) Full range 70 80 65 80 dB
Icc Supply current Vg =0, Noload 25°C 5 8 5 10| mA
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
t All characteristics are measured under open-loop conditions with common-mode input voltage, unless otherwise specified.
fFul range for LM118 is —55°C to 125°C, full range for LM218 is —25°C to 85°C, and full range for LM318 is 0°C to 70°C.
NOTE 9: Unless otherwise noted, Vo = £5 V to £20 V. All typical values are at Vocg = +15 V and Ta = 25°C.
operating characteristics, Voo = £15V, T = 25°C
PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
SR Slew rate at unity gain AVI=10V, CL=100pF, See Figure 1 50* 70 Vius
* On products compliant to MIL-STD-883, Class B, this parameter is not production tested.
PARAMETER MEASUREMENT INFORMATION
o0V
2k Input
AN
2 kQ — oV
Input —ANA—E
—— OQutput
1k I 100 pf
TEST CIRCUIT
VOLTAGE WAVEFORMS
Figure 1. Slew Rate
L . L




ANSYS Release 9.0 Documentation

Element Reference | Part I. Element Library |
SOLID45

3-D Structural Solid

SOLID45 Element Description

SOLIDA4S5 is used for the 3-D modeling of solid structures. The element is defined by
eight nodes having three degrees of freedom at each node: translations in the nodal x,
y, and z directions.

The element has plasticity, creep, swelling, stress stiffening, large deflection, and
large strain capabilities. A reduced integration option with hourglass control is

available. See SOLID45 in the ANSYS, Inc. Theory Reference for more details about
this element. A similar element with anisotropic properties is SOLID64. A higher-

order version of the SOLID45 element is SOLID95.
T

J

Figure 45.1 SOLID45 Geometry

Element coortnale Poysm: Ophon
system (shown for
KEYORT(H =™ MN.OP
|
‘ Ki
J
Z Tetsahedral Qphon -
? L act recommended
oY Surface Coordinate System
X
SOLID45 Input Data

The geometry, node locations, and the coordinate system for this element are shown
in Figure 45.1: "SOLID45 Geometry". The element is defined by eight nodes and the

orthotropic material properties. Orthotropic material directions correspond to the
element coordinate directions. The element coordinate system orientation is as
described in Coordinate Systems.

Element loads are described in Node and Element Loads. Pressures may be input as
surface loads on the element faces as shown by the circled numbers on Figure 45.1:

"SOLID45 Geometry". Positive pressures act into the element, Temperatures and



fluences may be input as element body loads at the nodes. The node I temperature
T(I) defaults to TUNIF. If all other temperatures are unspecified, they default to T(I).
For any other input temperature pattern, unspecified temperatures default to TUNIF.
Similar defaults occurs for fluence except that zero is used instead of TUNIF.

KEYOPT(1)1s used to include or suppress the extra displacement shapes. KEYOPT(5)
and KEYOPT(s6) provide various element printout options (see Element Solution).

This element also supports uniform reduced (1 point) integration with hourglass

control when KEYOPT(2) = 1. Using uniform reduced integration provides the
following advantages when running a nonlinear analysis:

Less cpu time is required for element stiffness formation and stress/strain calculations
to achieve a comparable accuracy to the FULL integration option.

The length of the element history saved record (ESAV and .OSAV) is about 1/7th as
much as when the full integration (2 X 2 X 2)is used for the same number of elements.

Nonlinear convergence characteristic of the option is generally far superior to the
default full integration with extra displacement shape; that is, KEYOPT(1)=0,

KEYOPT(2)=0.

The analysis will not suffer from volumetric locking which can be caused by
plasticity or other incompressible material properties.

An analysis using uniform reduced integration can have the following disadvantages:

The analysis is not as accurate as the full integration method, which is apparent in the
linear analysis for the same mesh.

The analysis cannot capture the bending behavior with a single layer of elements; for
example, in the case of a fixed-end cantilever with a lateral point load, modeled by
one layer of elements laterally. Instead, four elements are usually recommended.

When the uniform reduced integration option is used (KEYOPT(2) = 1 - this option is
the same as SOLID18s with KEYOPT(2)= 1), you can check the accuracy of the

solution by comparing the total energy (SENE label in ETABLE) and the artificial
energy (AENE label in ETABLE) introduced by hourglass control. If the ratio of

artificial energy to total energy is less than 5%, the solution is generally acceptable. If
the ratio exceeds 5%, refine the mesh. The total energy and artificial energy can also



be monitored by using the OUTPR,VENG command in the solution phase. For more
details, see the ANSYS, Inc. Theory Reference.

You can apply an initial stress state to this element through the ISTRESS or ISFILE
command. For more information, see Initial Stress Loading in the ANSYS Basic
Analysis Guide. Alternately, you can set KEYOPT(9) =1 to read initial stresses from

the user subroutine USTRESS. For details on user subroutines, see the Guide to
ANSYS User Programmable Features.

You can include the effects of pressure load stiffness in a geometric nonlinear
analysis using SOLCONTROL,,,INCP. Pressure load stiffness effects are included in
linear eigenvalue buckling automatically. If an unsymmetric matrix is needed for
pressure load stiffness effects, use NROPT,UNSYM.
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