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ABSTRACT

Self-loosening of threaded fasteners under transverse vibration have been an
important problem of many machines such as gas/steam turbines, electric motors, IC
engines, etc. The main effects of vibration are total loss of fastener and fatigue failure.
Locking devices are widely used for anti-loosening of threaded fasteners. This study
aimed to set the experimental setup following ISO 16130 standard. The experimental
setup was designed by using Solidworks 2015 based on slider-crank mechanism and
AA6061 material was applied. = AC-Motor generated transverse displacement in test
fixture and was controlled by inverter. The speed and revolutions of motor were
measured by rotary encoder. The clamp force was measured by in-house designed and
built AISI304 strain gauge load cell. Moreover, the anti-loosening ability of various
locking devices such as conventional nut, flat washer, spring washer, lock nut, and
nylock nut were tested with M8-bolt under transverse vibration with 2.00 mm amplitude
at 1040 RPM for 4000 load cycles and 3000 N initial clamp force to compare the ability
of anti-loosening of each locking device. The experimental results showed that the
nylock nut was the best anti-loosening with clamp force loss by 0.31-1.68 percent. Lock
nut, spring washer, and flat washer yielded clamp force losses by 26.26-39.91 percent,
34.45-54.94 percent, and 80.88-94.54 percent, respectively. Conventional nut alone

without washer totally lost clamp force.
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=

mMyduasifieu fe
E = uF + puF(cos ) — Fsin Bcos (2.2)

w1 A | w « 1 = o - 5 < ~
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Wasuwlashdewds ssuiuBesfiogldingiansdufasdumsifiuusaiden (inertial force)
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UaudyAnany Aalandlugui 2.7

f Clamp force sensor _I’_’

———0{ Transverse force sensor ’—- Evaluation unit

Vibration and data
Testing machine

recording device

—1 Displacement sensor !—- (eg. PQ)

1' Load cycle sensor |—'

Input drive

JU 2.7 WnunnlanInsinuvaLAIamaaay

P ) ¢ & _ - o A o8 v a i al
\wTasnagauarlduaasitu input drive lunisduiieviliidnnisindoudluuwus
17174 laglATesnaaauIrUsenouniegiuiiaglls (stationary base) afliguigasinusada
(clamp force sensor) W3pe1afllTuULILaT IALTINNUYN (transverse force sensor) w3e kil
1o wasuuitaiounndulunduun (floating clider plate) lasoradiiwuleasinsresns
o i = e v A o fe & ¥ o - v
n3zdn (Displacement sensor) selififle adransnisdaduaumeadnindeinielansy

Msduasiiiounuydng Tnelldilsenaundny dasui 2.8

1 infinitely adjustable eccentric
2 connecting rod

3 transverse force sensor (optional)

4 connecting plate

5/7 fastener test assembly

6 displacement sensor

8 clamp force sensor (axial)
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ussunedeemy P, sewhefiuiidudaveusufatunaaouiugiuusuin
Fuvaaoy Lﬁaﬁmumiﬁusaﬁm‘éuﬁu,ﬁ WU 3000 998U warduuseaviusadeaniy
ssudnafl, , VAU 0.002 egudl 3.4 Faluduussavitusadeamuesdaiiauuie §19de
MusIeN1SEUAMYRISKF suluBeusadeaniussnitandeafaunts 2.2 Taedulseans
anudganiuluindedgeanvosiaaan, udanviiiu 035 wasyundevesadninde, 8

MUNIATFIY metric TANYINAU 30 Been

5UR 3.4 Ussnaun1smuiailssiuIInmudenni
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LATUIULTIAUINAUASANIULGR 9T

P EF At uFc* uF (cos B)* — Fsin Bcos B
= (3000)(0.002) + (0.35)(3000) + (0.35)(3000)(c0s30)" - (3000)(sin 30c0s30)
=544.46 N
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3UN 3.6 uananisifinnislasavasadningen

MNAUNTS Elastic Curve

AN/
A 3EI

dloadnundeafildtaun M8 Grade 8.8 fld Elastic Modulus, £ iy 640 MPa

o 2 M:I 1 15
AMUALE v, = 2 mm, L = 60 mm woy I = s wiuAluaunsazla

- P, (60 x10*)
7 (8 x 10‘3)*)
64

(2x107)=
3(640 x 10 °)(

|P,|=3.57N
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Tunaaoulziafoutily 8 Tadluns UazaDNKUUNIINLAAINISIAGEUTNITBINTEUIUNTS FagU
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-2mm { 2mm

U 3.7 nssurunisindieuiily 1 5au vetuHubaTunagey
S (mm)

t(s)

8|~
M

-2 4
V{(mm/s)
120-
1 1
® £
. - ] - >y tls}
1 421 3
3% 5 W FL]]
120+ N
A (mm/s?)
36,000 +
1 P
® 30
b f bod t(s)
O A
300 30 % 100 10K
- 36,000 + 4

JUT 3.8 n9IMuEAINTISIAREUNIYBINTEUIUNS

913U B aldIANINEIgegn, ¥, UaZAIINGIGeEn, a,, TunIsiadauiidia 120

2 o / i " oce &
mm/s Wag 36000 mm/s  IzamrsamuItksnlglunisindouliudauvaasy, P,
\wdauiisuauigeanldnaunis

P =Ma

]

—3.05(36000x 10"
=109.8 N
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patiuagldusssnuianue, P, aadl

P, =P +|P|+P,
= 544.46 +3.57+109.8
=657.83 N

ANUNTOATUINAAIVBINDLIDT MARIEUNTS

Power of Motor :P'," XV nax

— 657.83(120x 10"
~78.94 W

anuAliusedvinmaasuamasiviniu 70 Wosidus waslill Safety factor Wiy 2

3

zlAvunmueuBwasAls@anuild Ao

78.94 %2
0.7

=22554 W

Power of Motor =

agaulunsidanuamassaadanldliuinnil 22554 Jan

3.1.2 wawmasnssudaay (AC-Motor)

Tduawmasnssuaasuiliusidurdau Banlduawasnieni 3 wa lavildesines
& w o ¢ a - P o o = as | P
dumnufusoureswawes Lasiiamnasvesainasinilenn 3 wallvnainiuay 3 yn Ao
Wa A, B uasC aunsathuisaldaule 2 wuu Ao nsesldausuvanisihazhuummant n1s
zmavawmasitiusuUlnizfnsfiansanldaenndasiuusesulnifudutevosawmos uay

sruulwihwesdssimaniug Auanslugud 3.9
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400V 400V

230V

n. MyrereamuUUIs C U MIRRTARIPUULIARA

35U 3.9 msiauawmasliuwutaaiswasiaam

¢ o 2 @/

vawasidanlduiduuswesnssuaasuuns HASCON Tutaa MS 712-4 Feilnnas

g9 0.37 Alaind warlinuiiseugean 1370 sausounil

3.1.3 Burasnas (Inverter)
Suesiaed (inverter) nie Lodlasw (AC drives) Ao gunsalBidnvsaiindflddmsu

AuANAITITaUTBIBResTlan vislodualnas

T W~

motor )

.

T | control circuit —|

3U# 3.10 ulreiines dmsumsaiunuaLmes

nowosdugunsailiiildlunisulamdsenilnihiudundanuna Tnsdmdsnud
dluvhnstusdounsesinstugsely Tnsanuigrve wamaiannsaruunldlaousae
voslvian Swruiivesueines prwlvesunasirelniiléiuueimed wazuseuiisneliiy
uomes

1N3Ue 3.10 undedrglvinssuaaduirgliinssuaaduludinaunedines duvin
wihitdeuliinssuaaduiduliiianssuanss udahlwihnssuansaills dedudumaidn

=3 -:!! o 13 d' d' d‘l s -=} =
Tlueasdunesmes faviwmthiwdsulwiinszuansedidulninnszuaadufianuisalden

audle Welumuauuawmaslidianuimuioinsle
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3.1.4 Tsm3iduldnnad (Rotary encoder)

TsndiSuléaines wvimihfiudasnsuyumanalidudyanamislminfeglugy
v0mda (pulse) iialUlfuansravianismuaulaedesuaiiaefuagPLC [udu 15y
lamasatusautsmuguuuunismstitegaiavinale 2 ¥da Ao incremental Ay
absolute usvs 2 winazdsenauiegunsalifugruwilouty uasvhaumeldndnnis

ey lugud 3.11 uassdwsznauilesduresduldnnes

LED Lamp Arfunm
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)
L
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-
-
-
-
y

S
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W
/[, \\\

T
(i i \

i

>
=~
&/

sU# 3.11 drudssnautinadurasouldnmes

Tneasidanldiiun Incremental ssindnnisyiruiedu fo Weduaiiidnain
LED dainuiand (convex lens) Bagzufulnialmuduasvuiuiu duasiaydowiiu
Pulsedisc eazugnuaniu 2 dauiifinasieiu 90 sem wasazldidunasdifimasiiaiu 00
8ar1 Ao duad A haraiuas B @euasiovdesinluil Photodiode wioTulgdiannsn
GuwasuuuiSudeuaniu (through-beam) wrufar (dise) fidaduiwarfiensiaaaunas
yuvesmaaziiunindlusaasiufivuaaioasegunuunisdesuaciin uazadiadaman
vy (esainduas A uags fianafu 90 e Photodiode 2 #1 Azuatuasiiulad
IUL@uﬁ’agggwmguﬁmﬁm (Square wave) é’auamluguﬁ 3.12 Gadgarailddanisasoi

U PLC uaziaiimesladauiunda (pulse) Hazgnidulas PLC wialanlinasiiiauans

DR TR
Uy
[ ]

FLnU U 0ALED

A
B
z

OmO

A

B

Z

O == O— O —

P as d & &
JUN 3.12 uassdgygaguadudivbuuslauwa AuasB
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v v ¢ v = 9 Ao =
Tnsumsgruudnduldnmesaziuiveuluvesdyanadivisy (square wave) 4
wflanuazideawihiuduiusasuuukuiiand drufianisnisuyursuduldanesaiuisn
asasulINdygundavasiva A uazida B Iudalainlunou auufin ia A lAsdu

k%4 &

auwla B untsuyumuidundinilunweseiuday duvla B iAsTunauna A asilunis
MU ILANWIANY wenantwdulfnnesavisesdnunisdeasindaifielunismyy 1
F0UL38N T Wa Z (Zero) Faduldanasldndailifiaidunisuansumis Home faadaiaiuy
4w o o I ad & cw ¢ )
winsinsenveensiianszuuind lunsdilidulAnmesaenyuaunsevisndaa Z gn

79223V LALAS 89ANTIENIUNUAINY AD Fuve Home

3.1.5 Tnanwad (Load cell)

Tunsiaussiadnindenie alilvenwadeiln awmsuinaluaniead (strain gauge
load cell) Tun13auss Felavinisaanuuudnuyuvesivanigadnaguil 3.13 LazRnnauy

= - o L ] t-? as < as -1

wismaaeuUTnAliT UM UERTUNAFaY wansasgud 3.14 udnnisvaslvaawaduiail
= a4 o o« o as 3 o & = o © aa I
fla Wellussunnswhiudilvanwad awhilvanwadidesy wagvinliamsunaifneguu
a - 2/ o P [ ! a
falvaaigadidegUluiie annisdiaesiaglusunsy Solidworks 2015 Lileldussin 3000 1

fu neasuunuudIaes Tnaidendanidu ASI204 7l Yield Strength Wiy 207 MPa

o fa v oo
Ui 3.13 nanaddildvinisesniuy

| o e @ s <
gﬂ'ﬂ 3.14 LLa@'IQf”l"fLL‘WUQG'IﬂﬁﬂIWﬂWL‘UaauuLﬂiaﬂWﬂa@U
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von Mises (N/m#2)
7.632e+ 007

7.051e+ 007
6.410e+007

- 5.769e+007

5.128¢+007
4.48Te+007
3.846e+007
3.205¢+007
2.564e+007

1923e+007
1.282¢+007
6.412e+ 006

2.746e+ 003

—P Yield strength: 2.068e+ 008

U 3.15 msdrasaiiegrrnnuiiuraduanigsd Mussnawihdy 3000 Sadu

U

& v

nnsieedluldsunsumuimaudugegalusiafaniagnnameuse 3000 Dy

U

=

fidviiu 78 MPa GelitfudanuAuvastanlivinlvaswadagud 3.15

U

3.1.6 @msung (Strain Gauge)

awmsuing fio wiasllefldlun1snsiainanuiesen (strain) wlseamdu 2 Yssam
Tvajq Ao wuugUnsalfsini uaziuuiduanlane udaasunafsiinedvnadnniy
wardirnihgeniuuuaialans vdnnisvesaasuina fe Wealasunagnusansevi agvinlif
AansiasuulassusluviliaudunuresingduUdsulunuussdinssi evaain
gnusansgiasiliaueniutuiasudivingas aasdealinmnudrumiunidiinanas

A4ANNTS 3.2

=Pk (3.2)

TagAranumumuma Wi aziudadiulagnsadunssiininszin Iansunfudinay

THawmsuinadiuiu 4 @ safuuuu9as Wheatstone Bridge daguil 3.16

i1
L
.

5U# 3.16 1395 Wheatstone Bridge
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WAZAATULAATY 4 AziPaudardnneiuiioliulausainsevidudivesiuliinge
Juusene vieusede dygraazosnunduusiiuliiidaunis 3.3 Tnefusdulaiilias

nuely mv

%Z Sgé' zng,' (3.3)
v, 4+25e 4

£

T4lusunsu Solidworks lunisdrassnnueiesuulvaneadseguit 3.17 eldisd
3000 2y neaULLUUTIARY NUTIAANLIATERg AR ILUT IR sag R UT
317 ielnswiruafivzassedivangadaudanuaioaiidons suldvuaniy
manuan 0 ualddwmidunsiadsamsunadisudl 318 Tumshnamsuinailen
bending strain wee¥an azfiadiuau 4 f lagda 2 fuulidiuvessnufiinsbaduay
Andalnsasunis RuasR3 daudn 2 & azdauuilavesdudiinisadauasindalings
fnUg R1MagRa ﬁagﬂdﬁ 3.18 Winfi14n Temperature compensation #919dswafan21

ARIMLARBUIUNIT IS

ESTRN
2.590e-004

l 2.374e-004
B 2.159¢.004
. 19436004

1.727¢-004

1511¢-004

12956004

1.079¢-004

8.635e-005

6.477e-005
4.318e-005
2.160e-005

1.596¢-008

U 3.17 msdrasufiegdimuesentadvantad Musinawihiy 3000 sy
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msasuifisuvilagldieios UTM lumsasudisusziiuaussiulidimng 50 Sadu
TUauds 10000 Thau lenanisapuifisunans aaguel 3.19 dhaussaulniflaluansav
Mmaun1sdunse vilalaiduaunisasulilsusaannis 3.4 wastrluldlulunisuvasan

wsasulwdnduss

F = 4096739V +3534.346 (3.4)

12000

y =40967x + 3534.3
10000 R*=0.9557

-0.1 -0.05 0 0.05 0.1 0.15
JUN 3.19 Laninsminanisasuiiey

3.1.7 NI USB-6009

NI USB-6009 {u DAQ Card findnlag National Instrument Iasilsauiutdas
Analog Input ﬁm%ﬁmﬁaﬁuﬁag‘lu‘&aa £ 10V §1u7u 8¥e9 14bit fiannuid) Sampling
Rate 48kS/s, Analog Output 2984 12bit 271152 Sampling Rate 1505/s Digital /O 12
994, 32bit counter 1 %81 Tagrr NI USB-6009 undaiiuiduldnnes wazasufinmes iiain
Aduuseu waranaiiseuvamanes lagld LabviEw udufusiusiudeya uas

bLET PR

5U# 3.20 NI USB-6009
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3.1.8 waunanigiaas (Amplifier)

Fynadlaii output Aldanivanigadiadinsvenedyaraliililamnniy
diganadmduihludessidaluls sadusedadd amplifier fagudl 3.21 andaelunsveny
dynau lng amplifier agldwdanuainunasdngln uazvinisaruaudayay Outout Tl
sUSawmilaudayanal Input uatledoaadilvgindd

31]17'1 3.21 Amplifier

3.1.9 LabVIEW

Tusunsy LabVIEW Wulusunsafiasradiothaldhusuns akazedasiotdmiu
NuUNA3AINgTy Iae LabVIEW g8u131n Laboratory Virtual Instrument Engineering
Workbench tulusunsuild@nsiedoaisiuiniasiiadisqiiegnisuenduuedn Data
Acquisition TdulumsmurpunisinAsieg wu dwiin pnudaneined viedaabun
Tnedguigesiudygiandian Tas Output Aldanwuigesmardasddniuuseiy vie
nszua Felusunsy LabVIEW @unsastusiisudraimns DAQ Card udauanwwaiunsam

wiatuiinAndulviddayals

JUT 3.22 dpgan1siBeulusunsy LabVIEW Jaduiuseudazainuiiisaursamas
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3.2 A5n151Aa949
1. @eusa NI Fulduldsmosuasaoufinned e ATIUIUSaULALAIILLEISOUIBILOLADS

NLUTNTY LabVIEW

Uil 3.23 n1siveusiansu AR NI

f
I a1

2. guausssulnisusuntadiees waziuualiefionuladwiidu 0 dasu

3. danerulaanndaddined TUuAurmwIAInsaf 3000 928U 9 naun1sas ULy

v
o al
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4. MN1sPaRITuunasnaaay kazdulrsidusavesuaumidualsssulWiAd 1w
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JU# 3.27 fedumtnaemeuiiagasi 4000 sau
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AU Lock Nut
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1000 2376.109 | 2826.75 2662.88 2662.88 2949 652
2000 2171.272 | 2703.848 | 2458.043 | 2539978 | 2539.978
3000 1925.467 | 2376.109 | 2212239 | 2253.206 | 2417.076
4000 1802.565 | 2212.239 | 1966.435 2048.37 2130.304
Clamp force loss 39.91449 | 26.2587 | 34.45218 | 31.72102 | 28.98986
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AU Nylock Nut
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0 3000 3000 3000 3000 3000
1000 2990.619 | 2990.619 | 2990.619 | 2990.619 | 2990.619
2000 2990.619 | 2990.619 | 2990.619 | 2990.619 | 2949.652
3000 2990.619 | 2949.652 | 2990.619 | 2949.652 | 2949.652
4000 2949.652 | 2949.652 | 2990.619 | 2949.652 | 2949.652
Clamp force loss 1678264 | 1.678264 | 0.312684 | 1.678264 | 1.678264
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AU Flat Washer
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0 3000 3000 3000 3000 3000
1000 1802.565 | 2539.978 | 1433.859 | 2785.783 | 2253.206
2000 1433.859 | 2089.337 | 1147.087 2048.37 1310.956
3000 655.4782 | 901.2826 | 1065.152 | 1269.989 | 1065.152
4000 1656696 | 3207501 | 5325761 | 5735435 | 327.7391
Clamp force loss 94.53768 | 89.07536 | 82.24746 | 80.88188 | 89.07536
Flat Washer
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AU Spring Washer

ﬂ%ﬂﬁ
. 1 2 3 4 5
AMUIUTBU
0 3000 3000 3000 3000 3000
1000 2499.011 | 2376.109 | 2171.272 | 2908.685 | 2662.88
2000 2171.272 | 1884.5 | 204837 | 2703.848 | 2130.304
3000 1720.63 | 1679.663 | 1843533 | 2417.076 | 1802.565
4000 1351.924 | 1515.793 | 1597.728 | 1966.435 | 1638.696
Clamp force loss | 54.93587 | 49.47355 | 46.74239 | 34.45218 | 4537681
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CHAPTER 1. PARTS NAMES

Front Face

D Pilot Lamp

@)
ZERO Comrse Adjuster

Dzr)
ZEKO Fime Aufjuntcs

@fs)
Secakivity Adpseer

S[BAL)
Anrobabacs Gwish

BicaL]
Caliwagion Switch

D irmnducer Input | ermal

Side Face

Lights up with the power switch turned ON.

Comducta ¢oame comtrel 1o vokige and currsmt i 7FRO
poiats, (Not provided fir types with auto-balaace finoton )

Conducts fise conval to volisge snd carrent catpus ZERO
ot

Coatrols sensitivicy of voltage sed curmendt outpul.

Coadorts auto-dalance. Note that this switch is favabd for
iypas with mamnad Lalaste fastine

Izpsts calibeation value to voRage ostput axd curmest cugput.

Usanects a srsm gnge bype trmeduces. (Sarew s1e - S|

Coaneats the foliowing

. Tnasducer white bead wire (<ompw)

* Trasadutor grews bisd wire (+oupet)

: Trasducer red lend wire (+ExcRacion Voltage)
* Traasduor binck kad wive («Exciation volage)
Traasducer shickded wire

-

bmmog



@ Volige Output Terminal

® Cumreat Ouput Terminsd

@ Assobelance Input Termiml

@ Power Sapply lagut Temnal

O Prosective Growsd Temumal

B Mousting Bracket

® Mounting Brackes Hole (2-04.5)

Ospats voltage proporiocsl © sput volage isswod from the
virsin gege type waraducer. (Soren abre | Jmm)

Ouputs current properticns] 19 mput coment lsoed from the
strain gage typs tramsducer. (Sorew size : Jmm)

Terminel batween AZ and COM s stant to condect
mto-balince. (Screw sire : Jamn)

Power sapply terminal. (Sceew size : 3acn)

Power rupply variee with WOA- 1D fHpee senuly wred
Carclaly read the Specifications before contecting the power
lipm,

Frotective prownd domizal  (Scarew s © Jmm)

Used for moanting B¢ WGA. 1098 5 panel. cte.
Can be set 0a both froee and rear of the WGA- 1008,

Moustisg bracket boles oa upper and lower postions of the
WA 1080,
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CHAPTER 2. INITIAL SETTING

mm!munwmmnﬁ“hmﬂgmwmm
ealebestym value, freg ot con ha salosiad oo w'n svie by changing juwpors on e
Mm&hﬂh*ﬁma&uhnm&nhmmmu

Settings prior to chipmant  Exciation voltage LoV 10V ortput with 1.0mV/V inpst
Amplifter wenshivicy 1000 e
Calibestion valve LoaV/V
Froguency characweristics © 10Hz

* Do not ccaduct e above secingy in daty and hurmdd snviranes

* Do not operate sy sedting procodures ofser tas stated on the following page. Or & may
caue damage © the WOA- 1000

* Avedd wuching cier parts oF FIINOVInG irews Lakss cidorise spacified.

- Reswove jusger phis wili lweseors o plione. Du ot soach dee jumper piow oF otber electronlc

perts dwectly with hands O, they may be dumaged by smtic dodricity.

=10 =

L g, B35
B v ot s e

Maln Beard laside (he WGA-1008
“1ie




Relation Between Stradn Input and Veltage & Current Outpats

Jotmeome ()
MM_” N
Current cutput
5 A Voinge
/ cp
4 7
=4 —&7 i
0 w2 Stran gt
-5
-14-

Sctrrg Jumper Sovnin lgest e
Sizalivky Fasisron Vibage Musnem fpon Marimes S0
1000 thesws W vy vV
1000 toes v 4y =iy
4000 Sy v 2V LSmVAV
000 ey v ImV N 0 25mVIV

18-
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CHAPTER 3. CONNECTION

:uumxw--a---ﬂ.h-—u-hmuuu-nm

To iarall the WGA. 1008, sss rownting brackes boler (2-04.5) provided o wppee aac lower portions of
e WOA- HGD

mmhﬁ-hm-*dhmd&u froot or rear side of e
mlﬂ‘l‘.mmhﬁmh—l.bmwlm“—g
Famidity, o, whon isetaling fhe WOA. 108,

11 CONNECTING ONE TRANSDUCER

C&unhﬂu-hm-lﬂl*mommmm.u-n—nh
= e hibwing fipee

\ 32 CONNECTING MUL CTION BOX

haainum 4 tamsducens having 1500 bridge retitnos o be rormected b persllel wicg & Jenishion bes
(Frcitatinn wémge - $Y)

7=
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* Sot all e required sertings ad coneect the gower cable. And then, e ON e power swixh W
© Bamaraly vemnant & puwer apply, Weondbonss, sidirnster, ots. 45 e Merveions! besed
Or, it may couse 90 ondy mafinciion bet demags 10 e WGA-1008.
* The WGA-1008 splifies and lucrenies O inpat of micre eloorc sigaal by & 1900 1 #4600
times 80 chuahs the outpat of 10V or 4 10 mA.
Thursfors, snall exssanal selos wrs ilos seglided by a 1006 w0 3000 tine
¥ E b viavoidebly wed b envicameon wits vorcs roen romes, ey metes © Ge
folowing bemy as conmmemmorore agahs scis vher tarsduers 5% coreocted.
DUse & ahcddod impuc cable o5 short s pomibie.
U0 e barwt oo mod peeser Eime wre comuing o sormaged s poedlel, smn condeis pips
arigenat

CHAFTER 4 OPERATING PROCEDURE

Sl wURY o oy cv—ged Ao B OH)
Rt e,
!

ol = i ol e b,
- - I\
Vs s

Aot

ks vmadl S——

| S iraadadant Lot P S —

o, D e e B e e g ey

el R AL Ak B o e s

N I

Mhmﬂhc&m!: ]

(i e W B R

(Y e — '

Nt b

i - & CAl enlbow

ALl Y '-—G‘*Im-‘,d

el il T T R ——

o b2 (M bt alfnne R I

oy b e e [ bms de e v (et e

= m——e i

Lttt fa I S p— Grn Fpmalth w vave sbens
i . s it s i by g . o g g
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&1 POWER SUPPLY

-m-au-mu-mumaumummaump—m

-Mhm:m“mmw—mmummmmm
30 mimmtes 1o stable the WOA-1008.

4-2 INITIAL BALANCE ADJUSTMENT

+ Conmect 2 dighal voltmeser 1o the voltage octyet rmisal (Ve & V=)
-%hmnhuwm[-ﬁ——“m
* Tum clockwise e [S] (semsitivity) adjuster to the spmon,
* For the types with soto-belance fasction

Tura wp the (BAL] switch lover two tines witthn 0.5 second.

Adjest the [7F) (ZERO fine) adjuster 0 have 9 digitsl volmeter indicate 0,000V,
* For the types with ruassa) balmnce fenctios

Adjst e [ZM) (ZERO eoarsc) adjusier axd [ZF) (ZERO flae) adister 1> have the digial
veltwster @ fioate B ACOV

* The atove desceibes grocedures for monkoning ad adimting the voliage outprat terminsl (V4
& V).
In addition, it con be sfsted uting tha cument o ot eevsien] (16 & §).
Carrent (4 10 20mA) iswwed from the currers cutpes terminal 1+ & 1.) inter locks with e
ﬁ“@nﬂlmlﬁhmwmmlwﬂh V)

® Actal Losd Aduarent
-w-u—ulumbhunh-.c“aﬂhmonnhm

tcemisal (V+ amd V-) and sdfast the [S] (sembivity) ifuster 1o have the cigital volraewr inficae the
desired value

(Example 1)
A-—Mnmﬁhu-ﬂﬂwb&ul“lm(lmum.‘h 1N

(10Qkgf) welghe Is booded and the vwpat is acjmsicd © 100V or 10.00V, e kndad woight can be
directly read ca e diginl indicator

When LN (102kgf) weight is baded acd ontput is adjested 16 1.0V, if 0.5V ousput Is obtaited, the
Ioaded wwipht chall be O TN (11 g,

-
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(Example 2)
Mﬁﬂmhqﬂ-&nlm{iﬂlﬂm#hw-ﬁ'mud
Drwt the weight bas coly 0.8 (81 6kgf). Thow  adjest e cesput volige? “

Sime IV curpat is required with AN (102hgf) metual waighe, Qe Gutput X (V) obisimed with 0. SKN
(31 6cgf) weight ahall by oxpoossed a5 follows.

03 X 08x3§

1 3 1

M-&-am(zlmwuimmum-m4m.mﬁm
““‘m“bm—hﬁ“.m y = may "

@ Bwk-in Calibration Value Adjstment

* Confirm oo weight i loaded 10 the transducer

* Conmect » dgital vohwmur 1o e voluge ovpe womisel (Ve & V) While pressing ®¢ [CAL] swich
n the front pesel, acdjust the [S] (rensitivity) adjusier 10 have e digital vokmcter indkane D desired
vahe

(Exampie)
Assume thie 8 load ooll having 1 OmV/V calibration veltegs and TKN (102kg?) rated capacity is wsed
10 cbtnin 5.00V of ouput when 0.5N (51kgh) actaal weight & loaded. However, the [calibratios
conllicimt 1] of the load eall ar this Seme i 0.500N 1RV

0¥ - 1

il Gbiain shuin vulpe by lusting 0.5 (3 1kgh) sl wagh by e Solioning expression.
OSKN + Q500N LV w0 999 (mV/V)

ﬂuiiwidhd-thNdhm-tmnsw.uwml
(Y) with calibenticn vokage xct 10 1 GnV/V om be obtunsd by Qe liowing sxpretson

0999 Side il x

$.00 0
Y
Thm.ﬁ-umwmnhlt\ml\h}hsmvhmh[cautm
swich,

*1) Calkbeatice coeflicient . A specified vabue of v staked in Trssducer | Sheet

Note |

* The atove describes procedures for mmca i g aod adjustog the volugr curpat omioal (Ve &
Vi
In sddizion, it cen be adjexred wiing current ourpex weminal (4 & 1)
m-nu«-:l-ajhu‘h-bmmm(hammmﬁm
ﬂﬂm@uﬂW)_uimhwiqwnu-’dMlv-).

«2.
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44 AUTO-BALANCE OPERATION

Autn haluncs fasctam i stivaind by e follgwisg oporatin.

* Operste the [BAL) (amio-belance ) switch on the froat panel

= Ehurdt botwotn AZ and COM wominals on the mrminal bossd.
Activem B sub-bolince fusction snd the voltage cutput (V¢ & V-) indicates OV Also, the cemest
output (1* & J-) ndeare dmA.
Even if the WGA-1 D powsr is ramed OFF, the state of the voluge snd curront cutput are mamtised
5 huve the same s before the power OFF.
In oréer 1 prevent malfanctico, the preferable timisgs for oporating e switch 8 wall 13 foc shansing he
termiagd bowrd are described in the following.

100mS or msore, within S00mS

— X
1Y or bess —— ——
(When vpmed betwesn
torysisals)
av
(When sust b vooe U . U N
Ermciaie) 50nS or more | $0mS or mews 50nS or more

J
Curreat { |SemA or bess
-
l'hwhmum_hmumdlﬂdhwu 3

Inner circuit between AZ and COM fermiaals of the terminsl board
(11 ,°
e
LW EREAARNN
e

<on o—w.—‘]’



CHAPTER 5. SPECIFICATIONS

£1 SPRCIFICATIONS

CONDITIONER

Nomber of Messwring Poiaty 1

- Smm———

: Compeets maximum & wwadinvers bo parsliel
Ihmmnhhlw
+ Consmsts maximuer 2 wramadacers i paniid

RAridps Faocer 10V DC & 5V DC (Changeoves)
(Exnciution Voltage)
Input Cadle OSmm’ x 4 conducior shicided cabie  Length - WD 20m
lapwt Form Ingue balsacw difference
Impoe Rasironce 1441 o mive
il Adjatecrt ZERO 1 Awo-balace AlImYY \
Course snd fine sdpisiary ] SmVAN
(lmasad babance
only)
-
\ L ot b =
: trxes
)1 %0 14 (Adjusted with [S] smestiviey suster )
Auto-balanos Resicheal Voage Witkin £35mV (Voltage owpet tecmival)
v
Sylons O s ML s
mhnhumhsnnbﬂo\')
Noa-Lineacisy #0.02% Fs
Cadtration Value 923, 40, 5, & +10mVYY (Chngeover)
 , m“hm-izmum it obtened with 10V LomV/V
asd 1
3 oulpat @mckvity
ZERO Stabibey Within 40 MV/CT
Seasaiviey Subilty Within 20 01%/C
F Charsoteristic: 1 100, & 500Hz
> ud ! R e i)
Infleance frrew Croductad ZERD vagistion . Within £2.03m V7Y (With 10Vim)
Interferesce & Radiation Fisld

-zr-

13



SPECIFICATIONS IN COMMON

Operating Tempemture Risge 00T

Opersting Hamidity Rasgs 20 10 8% RH (Mo <ondersing)

Case Sructure Case s ivsulaned from sigasl COM in disect curment state.

Input'ovtewt Teemunal 11-Pin resin termiad) (WD) (Amrsngsd in frest)

Supply Vohage &

Comsimgticn Curren 10w JOV DC 200mA or hess
10OV & 110V AC 210%  3UmA or ks
200V £ 220V AC 810%  40mA or less
(Conformieg 10 comamen’ needs)

Dimemicas AYW) x SO(H) x 101(D)am

Weight 450z cc lom

Applicable Specifisstion: EMC gmadond : ENSO08-2-94 Grouwp | Class A

ENS6082-2-95
Saffety standard : [EC§1010-1-98
Degree of poilation 2, lnstal wrios categery T
-
52 BLOCK DIAGRAM _

o) ¢ B

QL RN TET N
wirroa m‘

¥ ANE FILT

y
b d LORELEORITY WD l

AP WMIZE FILTER

ny

Hole : 11 shouicd be noted that AUTO-BAL CIRCUIT may sct be mcunind o8 some hypes
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2 NI USB-6009

afue e b B e DN D e
USER GUIDE

USB-6008/6009

This user guide describes how to use the National Instrumeats
USB-6008/6009 data acquisition (DAQ) devices

Contents

Introdoction. M\ L L L L L e S
Safety Guidelines ... )
Software .. . |
Logging Applu.\lu\n A3
Self Test .. L
Hmhnﬂ' o8
Setting Up deum: v
10 Coanector......... -8
Signal Descriptions s Vo, TN W .. 10
Analog lnpul(_m:unr\ S ]
MUJ\ a2 11

;\,"I) Coaverter ...
Al FIFO ..

Analog lnput Modes ...
Coanecting Duffcrmual \ uing; Srgmb - .
Connecting Refercnce Single-Ended Vr-lugc \rgmls RS 1

T T, geemeeateniu. LA R "

Analog ()Llpul (‘m.uﬂ.ry il e St I e e . 14
DACs. ) . 14

Connecting J\mlog ()ulpul l n.m

Minimizing Glitches on the ()urm ‘n;.n.)] 15
Digital YO .. . e lel.T V .

Digital l.'U(.munr) NI Lo e T L 13

Source/Sink ln.fnrmmm ) I . Ay & A
O Protection ...

l'u\\\.‘f On \l.'ll."s ——-viemm (- VRSN 4V A
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Setting Up Hardware

Complete the following steps 1o set up the hardware:

1. Install combicon screw terminal blocks by inserting them into the
combicon jacks.

& Note The USB-6008/6009 kit ships with signal labels. You can apply the signal labels to
the screw terminal blocks for casy signal identification.

2. Refer to Table 1 and Figure 5 for label orientation and affix the
provided signal labels to the screw terminal blocks. Until the signal
labels are applied. you can insert the screw terminal blocks into cither
of the combicon jacks. Refer to Figure 5 for more information about
signal label onentation.

4 Signal Ladels
Figure 5. Signal Label Application Diagram

& Note Once you label the screw terminal blocks, you must only insert them into the
matching combicon jack, as indicated by the overlay label on the USB-6008/6009 device.

3. Connect the wiring to the appropriate screw terminals,

USB-60086005 (Ber Guide

~

© Nadorm! instuments Copordbn



1/0 Connector

i

The USB-6008/6009 ships with one detachable screw terminal block for
analog signals and oac detachable screw terminal block for digital signals.
These terminal blocks provide 16 connections that use 16 AWG to

28 AWG wire. 1

Table 1 lists the analog terminal assignments, and Table 2 lists the digital
terminal assignments.

Table 1. Analog Terminal Assignments

Signal, Signal,
Module Terminal Single-Ended Mode Differential Mode
1 GND GND
2 AlD Al O+
3 Al4 Al D-
™ 4 GND GND
- 5 ALl Al 1+
~N
i 6 AlS All-
- 7 GND GND
“ =
o 8 Al2 Al 2+
-4
o 9 Al6 Al2-
- 10 GND GND
e
~ n Al3 Al 3+
~N
= 12 Al7 Al3-
-
. (]
= 13 GND GND
P 14 AOO ADO
- 15 AO | A0 1
16 GND GND
USE CODSB003 User Quige 8 ni_com



© Katorm! inst rumeats Coordbn

Module Terminal Signal
17 P00
18 POl
19 P02
20 P03
= »
- 21 o4
=1
é g 22 PO.S
= @ 23 P06
N ]
= 24 Po.7
] [y
L =] 25 PLO
L =)
| 2% PL.]
(] oS}
® E 27 P12
28 P13
L o)
t] v 29 PF10
t1
b= 30 +25V
+ = 31 +5V
32 GND
) USE-60086009 (Eer Guide
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Signal Descriptions

Table 3 describes the signals available on the O coanectors.

Table 3. Signal Descriptions

Signal Name

Reference

Direction

Description

Ground—The reference point for the
single-ended Al measurements, bias
current return point for differential mode
measurements, AO voltages. digital
signals at the 1O coanector, +5 VDC
supply. and the +2.5 VDC reference.

Al <0.7>

Varies

Analog Input Channels 8 to 7—For
single-ended measurements. cach signal is
an amalog input voltage channel. For
differential measurements, A10 and Al 4
are the positive and negative inputs of
differential analog input channel 0. The
following signal pasrs also form
differeatial input chanpels:

<Al 1, Al 5>, <Al 2, Al 6>, and

<Al 3, Al 7>,

GND

Analog Channel 0 Output—Supplies the
voltage output of AO channel 0.

A0

GND

i i

Analog Channel 1 Output-—Supplics the
voitage output of AO channel 1.

Pl.<0.3>
PO.<D..7>

GND

i

or Output

Digital 10 Signals—You can
individually configure each signal as an
input or cutput.

+25V

GND

+2.5 V External Reference—Provides a
reference for wrap-back testing,

+5V

GND

+5 ¥ Power Source—Provides +5 V
power up to 200 mA.

PO

GND

RIS

PF10—This pin is configurable as cither a
digital tngger or an event counter input.

USE 60066009 User Qide
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3 BUNOSLADS

TOSHIBA

INDUSTRIAL INVERTER EBS806a1 4

TOSVERT VF-S7 SERIES

INSTRUCTION MANUAL

AFETY PRECAL

GENERAL PRECAUTIONS

N

»

EXTERNAL VIEW AND COMPONENT NAMES

CONNECTION OF MAIN CUITS (POWER SUPPLY AND MOTOR)

CONTROL CIRCUIT TERMINAL FUNCTION LIST

PARAMETER SETTING 14
Semng the Acceleration and Decalaration Tme 17
Incréasny the Toraue 17
Setting the Ervironmental Funciions, 18
Sefting he Stanting ang Swpping Methods 20
Setting e Frequency Cormand Methad 0
Connecling and Calbraling Metgrs 21
Redating to e Delault Values 2
Setrg the Motor Protectizn Characlerintics 2
Seting Extonced Parameters 23
Sﬂﬁ for Pararneters Differeny from Defaut Values b«
* Oparaton with Bult-in Potontiometer snd AUN and STOP Keys 25
« Oparasion with Buit-in Potentiomeder and Extemal Start Signal 2
* Safting the Frequency using External (Voltage/Current) Signal and

Operating uaing an Fxiernal Stad Sgnal 2%
+ Seting e Frequency Lsing Two Exiernal (VollageCurrert) Signals

and Operatng using 80 Exiemal Staa Sigral 27
+ Selecing Preset Frequencies, and Operaing using an Extema

Start Signad 28

PROTECTIVE FUNCTIONS 30

EXTERNAL DIMENSIONS 6

MANTENANCE AND INSPECTION 49
CE COMPLIANCE 5
[ NOTICE |

! 1 Make sute Tia! This ingtruct on Manual is deliverad 10 the ond user of
the ewverier und
2 Raad this manuai belore inglallng or oporating the riverter urd and slose @ in
a sals placa for reference

C 10SA Coporation 1897

Al QP e

80



E6580691

EXTERNAL VIEW AND COMPONENT NAMES

Whea lit, ||RUN When || CHARGE lamp: This
X;”.,-'.'.ﬁuu.. umma Lamp indicases that

—.—_......_._.1

L | MON
theﬁl:l"umnun I
“-.. - Whenlit

Commurication port cover
R the cover when

remose pane! o1 commues-
casion opeion (RS-232C,
R$485) cabile 1 coomected.

l Bm&m H %mﬁ i!uunmwl l ENT (enter) key
[ MON (monitar) ke
Terminal Slock caver- \ @;] Control tu-mndlluki

;l\emdﬁtr:u l"l
P = |,s's| e
| operation to prevent o
==} = 4l
7 ‘
[Tnmmal block cover et srew J
-I___a
Front view F U

Side view



E6580691
SETTING T

HE ACCELERATION AND DECELERATION Tir

Thire wre two methods of seiting e acceleration and deceleration tame: Astomatic semting of the acotierstion snd deorlers-
Bon bme by the imvener, ind mensal weiting

® A & aad decel lime seting
To select K and decel time settmg. sel the AV vadve 16 T,

(] sonr ‘ N

Wher mmomatic acteieration sad deceleraton ime setting is selected, the accelennion sad decelensuion ume i always |

wariod accordag 1o the losd J I ohe regeres 8 g ined sconlerstion wnd decelerston ime, vae |
| the manmal accrirration and deceleration tme seting fusclion
L — = e

@ Masual accelenntion snd decelerntion Lime setting
Set the AN value 10 “T" Then, set the AT and 1 values 10 e desired scoelerstion lime and decelerstion e,

rmpectively
Mavimam frequescy

FH

The rmotce iaique Can be increased by reng the mverter cutpat voliage
There are 1wo meshods of rassing the ostput vollage, sulomatic vollage rassing by the mvener and manual vollage rmsing

S NOTICE

1f the outpat voltage of ihe mvener s increased excexsvely, U mverier mby Hop dat 10 OVERCUITENS OF, [k the wors! Case
the i vener andior motor may be damaged

e YT

@ Aomaint Wrgee hoOs! ki improvief e sperd socuracy
Set the M2 value 10 "1 The borque it acsomanically mcreased. To incresss the tonque and improve the speed accuracy,
set the AP value to "7, I opersiion is net siable when AU 15 301 10 2 or ", wat A 1o "1, and the Operation will
becoine stibic

@ Incressang mverier oatput vollage maraally
Set the M2 valer 10 "0 and iscrease the ob value. Use 2 valoe between J and § for & sormal motor
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E6580691

Parsmeier Description When R s setio T | When R s et 10 "7

M frequency: /N | Mavmnem outpat freq of the inverier 50 Mz O He
Upper limit frequency: L' Upper limit frequency of the inverier SO0H2 60 H:z
Base frequeacy: ol Rated frequescy of the motor SO H: 60 H
Frequency & VIATL inpwt | Qutpet fregeency when a 10 V voluge SOHz2 O He
point 2 FIOY dis mpul |
Frequency ot VB wgut | Ostpat frequency when 3 10V voluge i S0H: 6O H:
point 2: FoU command i aputl
Ao restart S0V Operation restarts according 10 the mouor 1 Inttsstaneous power Same i left

| speed avtomatically Il F-CC 1 ON when e | fplare restart conrol o

| power is recovered from intlanianesus powet | cffective

Jilnln.
Regorersuon power ride ;hnlufmmupu-cfmhn.lm 1. Instantancous power Same as et
throagh control F302 molor speed 19 redeced automaically 1 fwlece non-s10p control

| contimue OPEraon. ‘htﬂmin
Source volage comg iw;_ d 56 that 1 cespet | 1: Soures voluge Swemo as lef
noa FX00 voltage does mot lower when the source comgensalon s effec.

| yoluage drops. e
Pacsrs of scoelerscion and| An § pattern & wsed 10 acoeleraie and | 1. patiern S a5 Jefe

L s ! decelerase the moiar spocd. \ |

@ Manual mvenier environmenl sefting

[s] yonr

Set tve man i freqaoncy 10 850 Ha if the mosor i 2 gesaral-parposs maiar not designed for inveries-dnves ligh- speed

operaton

Set A 10 07, then et e

pacamerers individually

19
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E65B0691

Conmect the cables 10 the motor aad power sourts

Turn e boil-aa » fully Awise
Tern om the power.

007 in displayed ca the display wmet

Press the n) Rey.

Tern the baki-in p cowise gradually,
The RUN lamp poes on. The motor stans and i rousos
incresses pracually

The operstion frequency is displayed on the display umit.
To siop the matar, press the ey

The motor speed decreases accondng 10 the deceieration pasern.
The RUN lamp poes ont

Conaect the cables 10 the wator and power source
(See "CONNECTING OF THE MAIN CIRCUTTS *)
Conaect 3 sar/siop switch betwoen ihe control sermi.
ral F and CC (for foresed reeation) or besween R and mun
CC {for reverse rocauon)  (Soe "CONNECTING THE
CONTROL WIRES )

T the bt poucatometer fully counterchoukwrme
Trn on the power

Set the paramerers LN 1070 and Fl 10 ° 7, (See
“Semung ihe Saarung and Swpping Methods® aed
“Sening 1he Frequency Command Method® )

00 iy devplayed on the duplay vniL

Turs on the forward or reverse swch

Tuen the basli-es poleatometer ¢lockwise gradeally
The RUN lamp goes on The motor saars and i
rocution speed increaes gradeally

The cperation frequency 1 displayed on the display
et

To stop operation, tuen off the forwand o revens

s

switch )

The monor speed decroases scoonding 1o the decelers- fﬂTlt”—“Hl pl}

tion gaiiern Ll
Forwad  Bror sese

Tee RUN lamp goes o Nevorss

23
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L6580691

PROTECTIVE FUNCTIONS (TRIPS INFORMATION

Duplay Description Countermeasures
00! O dunng sccek 5.8 the scceh Game (ALY

z o decrease the 1orque boowt level (b))
oce Overcurrert duning decel L5 the decel e (af0)

oe3 Orvercurrest dunsg coastant-
wpoed ren

OCA Phase short crreum

i

I Reduoe the vanunce of the load conditaons.

L. The mas circent is abaormal. Ask your agent 1o repair the inverier

oL Load-end shon circun (oetput

T The insulatson of the main output Circust o motor 1s shmormal

|
. P &
| oP2 !Ommiugc duning deceleration

[ 073 |oweriap

sermasal check ) trip during 2. Check the wiring and imsulstion,
wan up 3 I7) and 2 v mocmal, the elements of te mais cirowic may be defec-
tve Ask your apent 1o repasr the invener.
0PI Overvolape durag scceleragion | 1. Check the power voluge.
2 Check if the power in lurmed on and off frequently
3. Check whether or aot excessive curmest flows maanuaccusly through

& load

1. Iscrease the deceleration time (L),

1, Check the power voluge

7 Ovech if the power is lurned o and off frequeatly

) Check wharther or not excesuve current flows stantasccusly through
aload

e —

2 Chexch the powes wpply condition and input wiring.

Olr Braking resisecr oves losd wip

| 1 Incitase e deceleralion Lme (#60).

The VA ctaracensics or weque boosi level are not proper. Check
whethes of act & 30 H2 rated motor rend on the 60 Hz base frequency

‘Umolm 1. The imput voltage o 160 low
_— +— -
! 42:@50\1!1‘3” 1 The load is excessve. Redute it
f2
oLe Mator overioad tp Increase o decreace the 1orgue hoost kevel

3 Imcresse the inverier rating

On Orverhent tnp

Creck whethei or not the ambeen! lemperstare iy 100 high [ the
ambient lemperaiure is 100 bagh, remove e seal from the 1op cover.

13 Emergescy sop

Operanon s10pi On the panel Cun ag AUIOMADE o remote aperation

EOFF | Checimg emergency sicp
i sclepiance ditplay

operalion.
key rwace. To

1 Operauon stopi on @ panel during aviomat or
Si0p operation m an emerpency by presting the |
cancel an comergency 909, press sy acher key

FEP) | EEPROM faeh

Turn off the power, thom tsm il On agms
If the EEPROM doey mex recover from ihe eror, sk your apent o
repan the mverter

()

k)
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E6580691

- Descrios Countermeasures
Etn Atomatic luning error 1. Check the Torgue wp pararmeiers.

EPHD | Output phase loss 1. Output phase loss occur. Check the winmg between the i vener and
motor,

Err,) | Froguescy setting signal ervor | 1. The point | aad point 2 frequency setling siguals parameter are 100
close 1o each other. Reset these signals 50 that points | and 2 are spart
from each other.

Err.@ | RAM fonk 1. Ask your agent to repair the iavener,

Err.3 EIOMM 1 Ask your agent 10 repaic the inverter.

frr'f 1CPUI--& 1. Ask your agent 10 repair the inverter

Ere.S | Commusatation intemgeca | | Check the communication device, wiring, etc

T e
EEYP | Imverver typeform emvor ! Hise PCB replaced, set standard setiing mode selecucn (2 9) 3 6 to
f Clear the ervor.
L Szall prevenion sl I Iecrease O sccelerstion lime (R0
2. lacrease o decrease the orgue boost bevel.
P Overvoliage alaem |1 Imcresse the deceleration s (SO
Overiced alarm 11, The load is expessive. Reduce it
2 lecrease the invener rating.
HI Set value slarwe (Ervor mestage | [ An mcameet st vale if found whe reading or wntag daa.
Lo and dala are desplayed twice Check the set velues, thea reset the intocrest valse.
each aleernanely )

.

POVE, EVF, £+ and alarms are displayed only. Inverier does vet wip.
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SPECIFICATIONS

————

E6580691

Opcrati on spes Boatrons

L Descripn omg
Jepat volage Cias Smgle phase 200V Theee phase 200V These phase 400V
Agplicaie mesor (*W) 02 [ o4 [os [ s [ 22 [ [ss (s n s
Tyre VFSTS (14 -200V inger) (VIS (0 200V inpet) IVFST (1e 400V impt)
| 20V wopust 00F | W0oer | 007P | Wise | QAN | - - - - -
Form 3 ¢ 200V npur - 2004F | 007P | 2015P | XQXP | 2007P | 20830 | 20750 | 2n0e | 21508
3 9400V ingur - - ADOTPL | 4013PL | AOTIFL | A03TPL | @OSSPL | @OTSPL| 41 10PL | 41 %0PL
Rased capaoity (kVA) o6 1.2 1.6 30 | 40 &3 95 [}] 19 B
Rowed | | 9200V ingr L3 20 | a0 f s [ | - | - - - -
cumere | 3200V inpur - | 40 13 | w0 e | 28 BN | & | e
[A) | 3@4mV ingus - = il At | 50 3 | 1 1 3 | ne
1 020V inps | Single 200 1o 2V ac & |05 S0MO0HE a5%
P 3V g | Three phase 200 1 230Vac  10%-S0E0H: 25%
oMV | Theoe phase 190 10 460V a: 2 108300006 3%**
EMI ncise fines { EMI roise fier 5 inatalbec 1n 3640V ingus arvt
| Control metod Mllml'luumi
demm:mm Miwwhmmmhmlmmmmwwhom
e rain! veilage i 100 (Ousgun over the ingut voliage s dasabled )
. Oatput Tregaercy rarge 103 10 139 ba: Sei 80 0.5 1o 80 Me by defuit. Masimam frequency i sdpstabie betwsen 30 asd 120 He
! fwmmhlmemmmﬂnlw.mhlu“hnqdmm
B T Prequercy sccuracy Gptal settitg. =0 018 of the Fasimn ol rqeency or s (4 <10 10 + 3005
- Aralog witing 20 3% of 1be matimum cuyen frguency o loss (23 £10°C)
g Veliage frrauency charsc. | [Commiant Vil mode, vardibie svgue MOGE. OLSOFEES VOCIOr CORIO) Mods. IAMI: LOrQet Dosi! mode,
| bemiacs mwmnmmxnmmq—umum;
s. mwm] '1|mm1
F [Fregeercy sanng wpnl 18 pOlaLo eI O Cve Srosl pamel. exsemal posenmormener {1k 3 10 kibeansbie ressace comen
1 00 10 VDC (nper impedance. V1A « 3033 K1), VIB = 30 K5, 4 10 X0 mA (g Impedasce
il jL‘!}lﬁl v opuioeal cdaracenc M'mhmhl«w
| P comirnd mwmﬂps
(Swnuplrequency | Adpuiabie betwaen 0 3 ant 10 He
FWM caerier freguency meﬂﬂ TYUH {Oefwl 13 WHa) ”
ALcoiersics & Seceieeasgn 01 0 WL scondy sccelenton Lme | 883 2 abk. 31 mna 57 IONSeCeieTTne panems
per .
bog rem 100 ren from pared w it KOG moce selecion Trrmanal bisck speraion put e wih parsmess

Preset 5peed cotrr o0 lsumm,-:smmmcmm:—mm«nljm.iﬁmn
CC

| S

Retry npermcs TRetnes are evabied ws tmey (se2 with e sty checking Ohe main Crowt
i Af e promecTive fencieon i activaied
Wrak eng - | Easerna’ y comenied hading reqives

[Opeyeal)
DC ipaetion bk g qu Treqeency (0 9 mai. froqueacy]. bk g vl 40 10 1008, Mmﬁ

" Jepas sermina] Carcrions Pcvmkmmmw preset ipeed select itpel Synali reset ipul Lgra. e
]
Cuitpat iermisrel fuscisims | Lia-Apeed GEACCH o0 S0Pl 3 GII. 3600 Teachod oitp 1ignal, oF

or) : oy 4 — .
Faatt ugnal | ie conmas owipsl (250 Vil 30 Va0= 1 A sesative oad, 2X0Vac, 30 Vioc= 1.3 A Indecave hoed
H el 4
[ Crarpuat fae fraguercy TAtalog cutpet (1 ma ac fall mie anmeses or 1.5 Vac, | MA ful scale DC smmerer of recidying AC
| EMTHT or amrRaLEt volmeer, 13995 current sus, | mA DC. 75 Vide full scale)
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E6580691

ey Omecripeions
gt veduge class Sirgle phase 200V/Theee phase 200V Thime phase 00V
Applicatie moear (4 W) 02 [ o4 [am | s [ 22 T v TssJoas [ s
Tre VFS7S (14 <200V inguet) VFS? (39 - 200V irges) /VFST (39 400¥ impust)
1 300V inget e | e | xor | s | poomy - | « ] - -
Form 3 9200V gt - 2004 | 20007 | J015P | 2032 | 2037P | 20550 | 2075P | 1n00P | 21500
1 $ 400V gt - - A00TPL | ADISPL | 4022PL | 40)TPL | 40SSPL! @07SPL| 4110PL | 4150PL

Promcret fanciing

Sall prevenon, cenert |imit, overcerere, turju: thon-Crtw, overvoltage. overolage by,
gnm ericad by € chermal selyy, darng waning. overcsmes on
i when and

ternal
charsciensich

Measeres agums imaiancs | AU CTIAR WND Megeremiiion power ride-hrogh conial

[ Siordard macor s Coosuan torges VT metor seiocibie, ovecieed g asd verlosd wal checuable

i
==

| Servace envirosmet

Toors ARdude 61 It Tan | 000 Maers, AT RCL e EXPOUS 10 SI7eTt Sarl g, COMONIVE O
explothve 221 or vager Vitesten 5.9 o4 (0.6 G) o less (ot 1010 55 He)
[0 8T (3T witheut upper scal), VI

Ambiert wreperinre & L e (3 condenas.on
ek og Doemvadity

Prosecyee menad UBMOM

Coohap Seit conling | Fomed s conlieg

Note® These valians are when PAM carrier frequescy s 4hHe Wien PWM cavler equency b 170Ma. mved cument of VFSY.21500 and
VST 1307, are SEA [23k VA) and 29 JALLEVAL
**)Power souror of VFST.21100, 2)50€ i theat phase 200 10 220Vl = 10%-30H2 = 3%, 200 w 230Ves = 10R-00M] = 3%

35
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4 @suULNg

m KYOWA MADE IN JAPAN

STRAIN GAGES

KFG-5-120-Cl~-11 GAGE FACTOR (24°C. 0% 1
TEMPERATURE ComPensanonFor ~ STEERL ADOPTABLE THERMAL EXPANSION 11. 7 PPM/T
GAGE LENGTH 5 mm  TRANSVERSE SENSITIVITY (247C,50%AH) 0.40 .
GAGE RESISTANCE (24'C,50%AH) 120.2%E W2 U TEMPERATURE COEFFICIENT OF GAGE FACTOR e e QUANTITY
LOT Ma. Y3185S | wo GOTA | K11 appucABLE Gace cement  CC-33 A, PC-6 10

TEMPERATURE COEFFICIENT OF GAGE FACTOR
[0.84+0.5%/100deg]
THERMAL OUTPUT (t app App..\:ent bt:aln‘

£ app=-0. ‘29>(H&+0 2&!10)&1—0 48‘:& 1()XT

SO 44X LOXT+0. 05X 10X T Cpm/ml &
tolerance : *0.85 [(um/m)/°C] L3
l’.iq’iﬂ-ﬂ_ﬁ
FI6e-0021 WIS MW o £3-5-1 e
TEL:0424-B8-1111{Aft) FAX:0424-51-3258 SRR BT ipTaLE
Open the package as ilustrated

KYOWA ELECTRONIC INSTRUMENTS COQ., LTD.

3-8-1, Chotugacks, Choly, Tokyo. 1920021, Japen
Phone 0424-88-T11  Fax:0424-81-3258 A7 —-VOBREBLBREECR AL,

See the back of package for installation of Kyowa gages.
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5 UALAawUIS

table 1 - Constant coefficient of friction p for open bearings

Bearing type Coefficient
of friction p

Deep groove ball bearings 0.0015

Angular contact ball bearings

— single row 0.,0020

— double row 0,0024

— four-point contact 0,0024

Self-aligning ball bearings 0.0010

Cylindrical roller bearings

~ with a cage, when F3=0 0.0011

= full complement, when F3~0 0,0020

Needle roller bearings with a cage 0,0020

Tapered roller bearings 0.0018

Spherical roller bearings 0,0018

CARB toroidal roller bearings with a cage 0.0016

Thrust ball bearings 0.0013

Cylindrical roller thrust bearings 0,0050

Needle roller thrust bearings 0,0050





