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Abstract

This thesis presents the study and experimental about
the effect of vibration in power transmission system that supported
by ball bearing. The DC. motor is wused to drive the eccentric
shaft to rotate with varying load. Vibration is measured by
accelerometer ,then the output signals is sent to oscilloscope ,or
through RMS circuit to recorder which plot the output signals
for analysis. Gap-sensor is used to measure deflection of shaft
in horizontal and vertical direction. Output signals from gap-sensor
are transmitted to oscilloscope and recorder for recording. The
experimental results show that signals vibration tend to increase
with increasing speed and load. The maximum value of signals
vibration: is at, resonance point. And deflection of shait decrease

when load increase with constant speed.
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Vi (U e = sG) wuilanai$iasll v wasTAih 9 My

W r o= o0s suiseiianuigy 6 ety w FwsuaunsnsLaou

p 1
i Lsdinsomarin seussgegudnainaidded

ag = ag t  agg (2~-25)

tila ag fuminandenegn s ues agss tHumnuisewas ¢ du

o

WSty s inpamde L Sumna@uiudtennseuay 6 AU s (W51E W eed uREinsw

15



Ch ag TufemeSAiluaeNamsautd (radial and tangential direction) CRETAL

ag = [(F-rd?) - ewlcos(wt-8))i + [(ro+218) - ewlsin(wt-€)1j (2-26)
sﬁaqawnu54ﬁa:auagiugwaw t519zdun@iniluse viscous damping NIz

nil s aunsvaenisLedoufignuiituiieniesailuas feneduid du

-kr -cr = m[.r. - rgl - ewzcos(wt -6)]
—cré = n[ré + 2ré - ewdsin(wt -8 )]
Sesnsnsodat@mls fu

T+ cr/m+ (k/m -0 2)r = ewlcos(wt -8) (2-27)

r8 + (cr/m + Zf)é ewlsin(wt - 0) (2-28)
wWwns@ina 9 weenisiuisgesiafdunisieuuaduietd  ameadnnsuds
uBnM s LARBUANTEAUIBNULEN  (self-excited) Deusenszdudenaiifianisiadou
d‘ g' A ar  @s o &’ ﬁ o g o ﬁ
fignenuesienmstefauiivasfidiuias  Hiduyswsumsiide  r uaz & Ypnaszidu
WUy 2 DOF  2ENN1sfimaiumsiwizsuuy steady-state synchronous feo =

widg O =r =r = 0 Oywiaznasidu 1 DOF

Synchronous whirl

#MSUNITIWIBNULY  synchronous  AMLEIIMMSLWIEN L

Aua s S mmsme v Besidaniiiasiiaz i

HRzIINNNSBUNLNSALSTIEI
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6=Wt—¢
o Humidsening e use ¢ S fudnesfifeudnciugy  2-10

N B =r=r=0 &MT 2-27 ude 2-28 anguLfu

{(k/m - W )r = ewzcosp' (2-29)
crr/m = ewzsin¢ ’

L DIRDNANN SIS HUAE I

< 2w
[A)
tan$ = ——= = Lx = (2-30)
R
m w"
Wil vy =/ k/m tiuean$inod wee L = c/c,, A
A nfmwageepdugl  2-11
.%—wz i
COs ¢ = (2-31)

URSUNURS AN SUSNUBNENNTS 2-29 [ 1HduN158D E]'N‘Uﬁgﬂ

mew? e(;‘:)z (2-32)

RS ‘/(k_mwz)2+(cw)2 e \/F_(%)zz_*_[z{g:]l!

5U 2-11 WAANENNLVALNTDN L 2R L ADS
.
nEnnsA 9 Heowamfismsviuwiieegud e = se v
[} 1
wnmssda r o= os agifwpuvs F  SeBupgivuSinaussy  damping uazdns?

fua§a W/ Wy (o Srmmsmpund Boaivaui §23ngd wy =/ k/m



iR A5 TR WA N s Tuds L TNy @il IoulvuBNNTS resonance
] b 73

BeduuRgeazgnn muaiay  damping 1MW gY 2-12 usasszuufisznavineanuas
v ouloreesin S 9 i 3 uwy ﬁﬁ?ﬂnl§?§d W W

n

yegudnanenadun Wiz iiunga o uazqRgUENANIASINAY s wyuBYINT

15 ////\ /-
S . 5//,
N\ 0

w << W, w = Wwp w>> Wy

o

fiu 6 1Huwnauseil e

s 2-12 udessevume WA $aene 9 i 3 uwy

SN Lneledy HINSEIMEUNS LW BN synchronous adpfiv
Rotating Unbalance stwz%q 2 uuy usenseduliiAenisnuesd iy new?

pENTIsHME W Rotating Unbalance AW lidNRRfag UL naNyBwNg
Bidgugndvineiin  m uﬁiutéaqnwstﬁ%54§ﬁawuiﬁau@aénﬁwuﬂiﬂﬂu:a%qwuﬂ n WAL

-1
]

e
sepeifoegud e U 2-6 91 Wil IEIAE Y r/e uni MX/me

NISAMNINAY Torque

MSHIAT  Torque AIWANNIS  Band-type cluthes and brakes 8H73

LRIz IdRNGY 2-13
Havaaus et samuludipnimas M anyueeeastt  (drun) 1IWSIRY Py

[<4 1 ]

adpanitusvuditenvasyein Py nwuelmuasdBwiRuEEd vava il d

M Iswilvyasamieduead a2 1di
WA IHDBIULSINNS TR (UNY y)

£ Fy = 0

18
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§U 2-13 UAANKSYFANIY Brake band

(P + dP)sin d®/2 + P sin d6/2 - dN = 0 (2-33)
dv = Pd®
HRSINUDIUSIAHEVMUIUBY  (UDH x)
2 Fy-= 0
(P + dP)cos d6/2 - P cos de&/2 - fdN = 0
= AW (2-34)

UNUATEDY dN IINANNIS 2-33 aNluduns 2-34 u¥dufitnse 3180

.4
f{)de
f@

v
ANTLRE NN SANTNANRUS DB Y Py Ule Py ANENNIS

[
j dp/P
23
In Pl/Pz

uasd SO UL NUEDA (Torque) “Wangunis

T = (P - Py) D/2 (2-36)



aunsdirAIudude L fou

| 7 ] ]
wannIshuguua L e3peflaierr uiude s 10uld | seismic unit MWy 2-
14 ffeenwdidl nsede e wleenuisegninannniselpuildiing
UDNIAUYIUABY (suspended mass) NUMBUeilUs9y (case)
) a t o~ 3 ﬂ! 1
mMsiaznuewgdnssuuny Lasasfiaiit s1018udun15n15 L ASau1aNIR o
e L ]
mx = ~c{x - y) - kix =y) (2-37)
el x use v 15un1509A08Y seismic mass URe TATNUDNIT(body)
ar : 8 t ar as  dar v g . N
"Ry TeredaeAgnintapdinusivunuinedetos (inertial reference)

Winsudaduindueena o fumsusilussyiu

2w/~ A9 (2-38)

uasFNnAN S L efpufluaiasvuawiindu y = Y sin wt 3z 18duns

mz + cz + kz = mw? Y sin mt (2-39)
S SHeDRUINNIS 2219 TRpuM x URe mew? fH z UAT  mwlY

WRIAL  UAEAIN 2 = Zsin(wt - @) L9192

© \2
7= msz - Y(w_n) (2__40)
\/(k - mc..)z)2 + (a..>)2 \/[] a (w%)?r N [szﬂ]z
tHae
o Bu
tan¢=k_mw2= 3 I (2-41)
-(5)

NNguM sz L inEimns N easiitenuandgitadnsdiuend w/ i

20



lae

Y 2-14 udRTINI S Mg Iua< L aSaein am e fau

Seismometer

Lﬁqunsdﬁﬂaﬂuﬁﬁssuﬁwﬁﬁﬁ Andnsdiuvny W/w, AN uae
mavieduing 2 g Y Terllenfelivd ue o deevagiufivasfinisususs
giims L adauitiundaniutasepai

ﬁaiﬁzU%ﬂunaqqﬂnsiﬁﬁﬂﬁﬁauu191ﬂ¢ ovan 2z = v msiadouii
§Mduas seismic mass #R9IMFUBLIAYBINISHUEE ToufiasTa

msiadouiduing 2 avguuasivBuisedwininteonsnandinats: fuul
ufiniafoufiiny  coil Wwmvusfiussy ey 2-15 (wszusadufiad el Sudadon
fiudasimsfindinnudinin - output vaaqUnsﬁﬁazLﬁuﬁﬂdauﬁuaawus%)uaqiﬁsqﬁﬁu
aziflon  gunsiitudifendn velometer gunsdvtafunnianisssimBseing
1 - 5 H, wedmuuRiceet 10 - 2000 H, 81N (sensitivity)

BYWIIN 20 nV/em/s @ 350 mV/cm/s iMsvdngedeagfivseine 0.5 cm. peak

to peak

21
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LHJ z G

U 2-15 udeN3UUSeNDY velometer
NISIMSTIRUREAIINL S9BIINTIHIINAIASI99UA213L 5218 integrator

%30 differentiator %qaﬂﬂuqunsﬁuan5ww1m

Accelerometer
' ' ' L) 2 ;
Wi flaaufisssunBuavgunsdgeniinisdude foullifndu  gunsdas i u

firvanalnuLsei e

INFNNNT 2-40 NS LNBAUSENDY

(2]

g 1l we, g asd

2

+ [2;%]2

Z = WY/ wf = AN/ w2 (2-42)

23 [} ()
a2 Liudedaufivenn sesaems afouiifias Yadwfusenay 1/w, 2

BuRian1siug IRy 2-16



1.05
1.04 - -
//£=.0 /
[
I3 1ol ~g// — N
&S00 =T \{$=0-65
S I I e e N \
oy .
3 0 .98 2N NE=0.70 \ *
| 4 N \ \ \
> o Ne=075'\ \ |
‘ N TN TNTIN
0.95 g \
0 0.l 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
W
wp

51 2-16 ANERAvAIATaNAALSeivANABl § (Bunsifined
#msuA e 9 gURsudae L fiuh Afeesdfaiouuasdi epsaanu
159 (accelerometer) WUU undamped QnaNARE piNlsfiem dén = 0.7

[~y é % o ar z
Remadiifen 0 < w/my < 0,20  ddRevatelfaundy 0.01 % v

punsdifiernifisssunnd 100 B, ssfffeifewsgd o - 20 H, uazid

Z
a L7 [ & o
fiavanelipasnnaw lifiasanili
fepdanusilvansuoviiifuogiuiagiu - uvy  seismic mass Wiy
msdudz L ouflilaniida UReM TN UUDUAYS DR e SABdLAsULNY (strain
o ¢
gage) tHwwunvasuied
euauifuaswdngnitidlinadenuiseiitomiienatigs  wlngnBeiany
tBEdUsERs i LiTafimenanfamisDavaraendn U 2-17 tHusuudasfiieadau
1 Qa 3 g & ar
teenfipil  enwfisssuefvasilimasuvuiigenn  d@pussana 50,000 B, Telia

AaLsegefie 3000 B, wvwevaediufninn Aofliduiugudnatuasaaagess

A1 em.  @ASONULIINTEUNN (shock) BN 10,000 g.

25



Mass .. Prezoelectric ¢
-

TR, crystol ‘

Lo ™ i

3V 2-17 udasiliaadaan senuundn

AT BB ABSUUURENDNN IR MBNYBNUSEININ  (picocoulombs

pC = 10712 coulombs) A9 g %3DUULNDUYBIUSIAWIHI (millivolts = mV
= 1073 ) dp g Lﬁaqawnuiqﬁu1wﬁ1ﬂﬂa1uﬁhﬁﬁéﬁﬂvi:qiwﬁwmwuaunws E =
Q/C énnwstﬁuﬂsza (capacitance ) naewﬁnuaséwnwsLﬁuvszaﬁﬁanuwuﬁaqszygaw
Wine  Teefivivmnsrid mudi rodenu S auuundn A 25 pc/g  dpAINsLiivuse
3 500 pF  AMANMST E = Q/C 3zl 25/500 = 0.050V/g = 50 mV/g #WM3u
AL UL NDUDBSU SR IHAN ﬁwﬁtﬁafﬂawuLéqgnéaﬁhinaﬁﬁtﬁaéunugmmwnwﬂiﬂn
ﬂwuwnqawyﬁmmwmﬁﬂdwnnsLﬁuusza 300 pF USAWININ  output 3INNIS  open
circuit 3zamavtiu
50 x  500/(500 + 300) =31.3 mV/g

n1$gw1ﬁﬂvBQ5mw1mLﬂuﬁawuwsnﬁﬁntﬁﬂqiﬁiﬂuﬂﬁ charge amplifier

%qnﬁﬂﬁﬁwnwsLﬁUUizanaqawnﬁmmwmiﬂﬂwa

24
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Q-

unn 3

MSA MRS SHE N

L
n1sfrdNgunsdneang

0SCILLCSCCPL xxY I'LOTER

¢ | |
l
035-LLUSCOPE & CIRCUIT
AUPLISTER PCB ECVWER UNIT
LOAD
COUPLING ACCELIEROMETZR
GLP | 3ENSCR
'

SHANY

DC.MCTCR

U 3-1 udaenmsadeuazagunsds Rolnonisneans
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;3
1. ARAN  bearings vwRLMWOUguINA MBI 6 o, 1Ay

£ !

houseing Y99 7AH houseing 3sBradfivdiugiuuawuriugunsinaans
v
2. U uNALEEIUEUEna1NINe 6 om. 1INV bearings Tnwf
) 1 | %
v dgudfungusnaiseas bearing  tHadipefiua i dumpfiazi edufiu

bearings LHNRINMTWIdgufaemshats  Aesnaunauinier tifienanesan
LﬁﬂﬂﬁﬂﬂﬁiunicunnLﬁaqguﬁ

3. fuanpmadutiede  po waLaasL iy ienad coupling
BINABTEWIINLRRITUUNUIS 1MDS (rotor) UDNNDLADY LﬁaﬁULWQWﬂﬁwgu

4. Baudsdefowaedl pe uatead (RovFTeeanuS2saunaaun L aadiay
¥ tachometer

5. #0  gap-sensor tINNuuNuie TALIFIEELNUDNUANE gap-sensor
#3DIWSU (probe)H NIAIINLHAYTLING 1.5 nm. LﬁﬂiﬂﬁgmﬁmmﬂinﬁﬂvaqLwawﬁqﬂu

o z

U5 FULAELINEN

6. AaEEAYYNNIIN  gap-sensor WEN  amplifier uazﬂ%uﬁmwwm
output IMN amplifier vin oscilloscope %32 plotter

7. 8 accelerometer (M houseing 184 bearing WLiUHUY
w1 dpF AW IUEN PCB power unit

8. ApdudQYYIWIIN PCB power unit UHNIWEN oscilloscope IR B
WATEIY 2935 RMS WEN. plotter Snmwiy

9. tuaisiwarfuaseiafvinuifenntasd 4 pulley tiivudedes

ApRuEWIUENe TeaUse (R AU SR IEIEULABYN Torque

MsANneANNEsT s 8nngel

LWRIEUALLRH] E = 193 GN.m~2

e = 4,5 mnm.

1 73
MINYEN L HATINS U 277.45 gram

Lurnuguing g 6 .



AduysAndludgums 2-2 « Judail

= O

12

48 x 193 x 109 x 7 x (0.006)4

PEe)
M- e C<
" 43EI
kll = 48 EI =
f_.’)
= 9935.27
y =
"» " ku1/m

n

b (0.29)3

1807 rpm.

N.m~1

mewz/(kll - mwz)

= 9935.27 / 0.27745

189.23 r'a.d/s"1

MSANMNAY deflection umngsil

IINANNTUNUS YD deflection :

y

LHUAN

e

me w2 /(kyq - mwz)

m = 277.45 g.

e = 4.5 mm.

kqq= 9935.27 N.m~1

§INISOMIAT deflection TAUART  NO LOAD IEHafNA1ISIS

aL52501 | deflection AuL5298Y | deflection
(RPM) (mm) {(RPM) (nm)
500 0.37 1800 oo
800 1.09 2000 46.6
1000 5.57 2200 25.15
1200 8.89 2500 16.23
1500 20.16 2700 13.59

27



DEFLECTION (sumin.)

28

RELATION BETWEEN DEFLECTION AND SPEED
166 T !
[\ I
80 [\
| / \
n / !
ou M '/ \
i
70 - /
/
G0 — /
/
50 - / \
/ & |
n / \¥
40 / \
! i N\,
30 - / AN
[ \i\
20 //é \\\\YL }
e T4
10 Wi !
/B,// ‘
0 4 { 1 1 ] + { } ] !
500 800 1000 1200 1500 1800 2000 2200 2500 2700



mMsaEnAI IR huas g aiiat¥3n recorder

05T ENsaed IR I RRS Y INEdnE  RANGE L Budnens T
3 v i iudn full scale 250 sinn. doemmutunsuiell

1. feiind RANGE Widraawcia 2 v

205U CAL.v/ON ‘Wilauwils oN ursDegnde VERNI 1fatuinnnfl

] . 1 7
msiafiou 33,3809 (1 BB iy 2.5 L) Agesiunisamnadieil
[ 7] (]
FULL SCALE = RANGE VALUE x 50 ﬂa¢/ﬁaqﬁiﬁtﬂamq CAL.V/ON Uil ON

calibration voltage Fuud s et feitdn  Tuasanieunedn
AWy 19931 9189d18213191871Y 2 V calibration voltage 3vilgn 1 v

Hérarhafea arthradnn iefowty 33.3 $a9 full scale s
mpfu 3 x1vuda 3y

p3uil 3-1 vsznay

co o0 0O

E Calibration voltage
Sog amplitude
Vel -0
o ==
. E 50 Divisions
¥ Tt el
T A ™. 33.3 Divisions
w o
— ©
—_—
=}
e
000 © O

b % (%%
5U 3-1 ugaemseeAIAN e Tapas W

M5 InseAuusIMIni vassanan 51 LiEéN

auqaiwxswﬁqﬁw RANGE "W 2 v Sygnafifenadfannmiadawiul Suseus

ma 90 tae  iiladeaind CAL.V/ON wileumie on vinmifimisiedan 40 tas.

29



- L
calibration voltage aznanuifusSeniivvasdrauifectdds 1 v
msipervuaedpyonfu 2,25  hosemsiPeeiouuae  calibration voltage
17 1
( 90 BB / 40 B24) evuuszAudyalidfe 2.25 v

pansiedruassy 3-2 Usenay

Signal level = Range value x 50 B9 x Signal deflection

divisions

0 0000 OO

Signal deflection

90 Divisions : .
Calibration voltage
deflection

40 Divisions

© 00000

sU 3-2 uaﬂqnwsiﬁﬁwmwmﬁiﬂﬂswué1

nsamesusefy P, 1fiu Torgue

INGAT aunsil 2-36

T = (Py - Py) D/2

tau
T = Wiaudda (N-mm)
P1,Py = WSNANIUEIEWIYN (N)
D = tdwiugudnaieues Pulley

uazAMTIUSYBY Py U Py SMNS 2-35

30



Py/Py = ef¢

Taufl
¢
f = duyseindautduaniusewidiowuty pulley
@ = yuild 1w ududEny pulley
Y . ¥
MWUNISNARDIEN IHA Al
f = 0.30
$ = 3 /2 15l
D = 61.35 ¥,

UIUHANENNTS 2-35 AYAUFNMS 2-36
WA s

(P, ef? -2, ) D2

=3
I

Py (eff - 1) D/2

UM INARBIUNUAT Py fiaz i) T §Q§

Pp = 0.2 N : T = 19.08  N-mm
R e 0.40N 0 3 T = 38,17 N-mn
Pop = 0.6 N ‘ T = 57.26 ~ N-mm
P, = 0.8 N . T = ° 76.34  N-mm
P, = 1.0 N ., T = 95.43 N-mn

MSUURNAENINE output(V) 199 gap-sensor L Busene  Tev vy (om)

gap-sensor  #TOUTUERAS UL BenfuSudraspuEuR TNy
1 output Widpeadatfuaudaenisvasfifon
;7
WNsneapeilifseuz109  gap-sensor WINAMNLWAT 1.5 mm. aid

Gt ué’
AN IuS Al



-4

10V

0 1.5 mm,

S8Rz BUAYEN gap-sensor §IHAINNIANWIN N,
SYI% output 10 V (MAUSeEEYdd 1.5 mm.
1REW
displacement = Vg x 0.15 mn.

vila Vo ABA1189 output AseE (V)

32



unil 4

MINARNLUINRININARDY

1. 80 accelerometer 3fl® 303A 1y mounting uaduuéq Lﬁaiﬂ
Rotational vibration %ﬁﬂuuuiizﬁﬂua:uuagq W8T Axial vibration

2. L%BNN?U&@WWmﬁaizﬂiﬁﬁ accelerometer fly PCB power unit

3. Output 3N PCB power unit aztﬁuﬁwwwm Actual vibration %Q
#5089t oscilloscope  W3DB1RRERIULUANRYIAINAN Actual vibration
1Wiflu RMS vibration TPBRNMINIS RMS uFeaadyyn RMS vibration  CWEN
recorder

4. Gap-sensor HIAA1 deflection BANIMAT  TAEIARCLMINSEHY
UAsLIAa WANSUBLMINAINIWAIYSEIN® 1.5 mo.

5. APE@BARYINAIN gap-sensor I amplifier Lﬁavnwnﬁwwwmuﬁaﬁa
Ly recorder WA oscilloscope

6. fwinssudnsalfutun L aosiaedan 1 LRunssudintu Say 9 sund
3z 1051 25 0uvRNB L Aa iR M

7. MIMSLUAIUAY torque Tuvany 2 @ Lﬁa@wauaq torque fildanis
fugie L founas N 5U9ATD9 L

g. mitmniBnsudio 6 uaslo 7 wdiudsudran $asauvogaLend
WYRIE 9 @)

9. ﬂﬁnwsnﬂaanuazv§uaunszﬁqiﬁﬁmwwmﬁgnﬁaq

10. WAUa9  torque FMided mmsiudeuainu §150uvavan L Ras
iy a9 adwdaiila granae 1w §aspuiildan sduds  fonuas  van ApgHaTI
awntﬂéaq plotter

11. 3ﬁlnﬁwaﬁ1§a1n oscilloscope 8z NS plot Rﬁﬂutﬁéﬂﬁ

recorder fﬁauﬁmaﬁiﬁuw%zasw:ﬁﬁa1ﬂ



NRANSNARAN udAAINFRUS SEr g signal vibration BN
accelerometer (mV) ’meszé’u(x) fiv torque (N-mm)

flaue§2s0y 500 REM ANt ASaNTulnKG (plotter) RANGE 20 mV CAL 40 a9

5O

~r
= = I R -
<
4 e T mm 4 e
= :
SR S i P UL R Gy |
-
I b
+
- - o A )y IR Y T B P ol o b LY O WO U Y
41 14 v ded 4 S Sy j(_ :
i - |~ ]~ W 40 A D 44
- ~ I -1 4 L
g 4 —-f L Wi te T g =
Iy = | =P i TN I U S0 S S 6 B
L 4
i
DU ! pu i) Lol Balt ~ R o o 0 O O O A
~ a1 peps 2 = ]
)
L4 o t L, 14 - |~ - -
v ki
3 - P N g A - bt el -
- o~ e[| 1 I Y I %
("). N I I frd P 4 . - -
b | L) s 4 4 44 Lod- 4

20 [t

DIVISICI
i

\
-1+ A ﬁglt =" |
i 4 s V.. Y L =% <4 -
d 1oy e ofcr] pn
10 et H- T
N LT N BEg NN .
~t 4ttt o L o P S S 8 .
IS E 0 Wy o Y OO T S DR ) | St
o i el aad ol e B S 'L. - bt pg—t—i
471 ]y ] SRESENE - e ] T L
il | Andn g apanban
{
l )

T

ol

19.08 38417 57.26 7645k 95.43

-

TORQUE
( I\J"mm (] )



WAN1INAREN uRANAMITNNUE SE Y signal  vibration 1B
accelerometer (mV) ﬂmmszﬁu(x) fiu torque (N-mm)

flermi§asau 800 REM 3 nAdaeluineg (plotter) RANGE 20 mV CAL 40 B0

50 [TTTT] . T T T AT -
40 T T H
4 L. L M
i A At 4
I N i 0 e I l—r—-—- -+ —]T-—
T ENENEN |
@ 30 HHAH T A
o * TR T
— Bk NV d
w
[am] |-l W VAVIAY (RN 74 L
> RN ’b-r ~1
— L L -1 A - O 50 D )
A 20 ‘I_——_ | ! .%. 1 !
] T T
N TTHE W}] i
Dl g et R S
M T aieran
L +H HH A
10 PPLE
o LL A A L e FHE

TORQUE .
(Ne=mum. )



NRNISNARDY uiAeA RIS sendN signal vibration DN
accelerometer (mV) MWiWISzAU(x) iV torque (N-mm)

fa1ui8990u 1000 RPM 3 niASaTufinea (plotter) RANGE 20 mV CAL 40 384

50 e

! A0 o R p R HEb
[ B Tr ] 1
' . - -
‘ 11 4
f {4 H
4O
b N /3 T EERENE
L L
(e } 1

| bl = PENNE RN
[#>) ! A | ) (] 7, 8 1
u A J
73 w{-. o A
— 30t § s v Ao RERARREN
(€3] e il . 4.1
— I\ I | | Lo o Iy 4.4 fod
"-
- i lm). | . ||
+- A4l
o 1 IO

o
(®]
T
i
]
T T
1
L=
o
i 2
i
]
: I
=
'?
T
1
|
1]
o
i
|
J
.4
1

10 ANEREE T ﬁ-:ﬁ- 2}
RERENEN RIS YT T
[t =t -t -+ - 4
0 % T t A | T

19.08  38.17  57.26  76.34  95.43

TORQUE
(N-mm, )
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ARITRRYIERRN

accelerometer (mV)

flaui§15a1r 1200 REM

g
[

-t
-t

DIVISIC

50

40

30

10

UERNAINTIRUS e signal vibration UaN
1uuu15zﬁb(x) fiu torque (N-mm)

AMNiaTaiuinee (plotter) RANGE 20 mV CAL 40 fa

i N oLl ] o] .
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NANSNARDN uaANA NS SR signal vibration  UBN
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WANSNARDY WAANANTNNUS eI signal vibration U@
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NANSNARDY uaANANTIRUS sEn T signal  vibration &N
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Ly

WANITNARDY  UHANAHHUNUSeWInN signal vibration 184 gap-sensor
(V) uumsefy  (x) NU torque (N-mm)
#n1sL52580  500RPY. 310 oscilloscope RANGE 0.1 V/division /

1.0 ms/division

19.08 N-mia,

AV = 1.50 V,

_38.1? Nemn,
AV = 1.5 V,

57.26 K-mn,
AV = 1.452 V.

76434 N-mm,
AV = 1.40 V,
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NAMISNARDY  UAENAMF@INUSTEWIN signal vibration 1B gap-sensor
(V) MUY (x) M torque (N-mm)
flani§asoy 800 RPMIOND oscilloscope RANGE 0.1 V/division

1.0 ms/division

19,08 H-mm.
AV = 1.64 v,

38017 l‘I‘mm'
AV = 1.70 V.

57.26 N-mm.

76.34 N-mm,
AV = 1.48 V.

95.435 Nemm,
AV = 1.40 V
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HANITNAREN  UAANATINUSSENIN signal vibration 18N gap-sensor
(V) Tuszhy (x) fit torque (N-mm)
#ranu§asay 1000 RPM 3N oscilloscope RANGE 0.1 V/division

1.0 ms/division

19.08 Nenr,

AV = 1,72 V.,

28,17 Kemzs,
AV = 1092 V.

57.26 X-nm,

AV = 1.76 ¥,

76,24 Nernr,
AV = 1,52 V.

G5.43 H-nx,
AV = 1.58 V,




47

HANISHARDY  UAANAINANTUSSEWINN  signal vibration 18N gap-sensor
(V) uiuscey (x) iy torque {N-mm)
#iawi§i90u 1200 RPN 370 oscilloscope RANGE 0.1 V/division

1.0 ms/division

AV = 1,90 V.,

33,17 N-mm,

AV = 1.88 V.

57.26 N-mm,

AV = 1.82 V,

34 Newm,

= l.42 V,




MANSIARBY  WAANAdINUS5e1IN signal vibration BN gap-sensor
(V) T ALY (x) Ny torque (N-mm)
#awmiSasoy 1500 RPM 3N oscilloscope RANGE 0.1 V/division

1.0 ms/division

AV = 2.8z V.

o

38,17 WN-mm.
AV = 2.34 Y,

57.26 N-mm.
AV = 2.76 V,

76,34 N-mm,

AV =2.16 V,

65,43 Hemm.
Av = 2058 V,




NANISNAREN  UAANAINNAINUSSEWINY  signal vibration VBN gap-sensor
v .

(V) wuEs (y) NY torque (N-mm)

feut§5250Y 500 RPM 3N oscilloscope RANGE 0.1 V/division

1.0 ms/division

19,00 Hemm,.

AV = 1.’/.‘0 -\7.

- - O N B e -3

38,17 d-mm,
AV = 1,38 V.

57.26 N-mm.,
AV = 1.44 V.

76,34y A-wm,

> iE = TTIT, AV = 1.2 W




WAMSNeRY  udeNA MU S 5Ewine signal vibration U8 gap-sensor
v . '

(V) “BatuIas (y) v torque (N-mm)

flau§isey 800 RPM 31N oscilloscope RANGE 0.1 V/division

‘1.0 mg/division

19.05 H-nmm.

i
‘i AV = 1.60 V.
!
|

38.17 W-mm,

57.26 N-mm,
AV =1.72 V.
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NAMIINARDY  UERNAINEHINUGSEWIN signal vibration UBY  gap-sensor
'Y

(V) TUIeN (y) U torque (N-mm)

#211315258Y 1000 RAM 30 oscilloscope RANGE 0.1 V/division

1.0 ms/division

.
i 19.08 N-mn,

AV = 1.78 V.

38,17 Nemnm,
AV = 2.04 V,

57.26 N-um,
AV = 1.78 V,

21



HANISNARDY  UAANAINAIUSS2HIN signal vibration 189 - gap-sensor
1 9
(V) ey (y) NYU torque (N-mm)

#am$isey 1200 RPM 30 oscilloscope RANGE 0.1 V/division

1.0 ms/division

38,17 MN-mn,
AV = 1.80 V

57.26 N-mm,.
AV = 1.74 V.

G5.45 N-mm.
AV = 1.3z V

52



NAMITNEADN  UEANAIENMIS3EWIIN signal vibration VBN  gap-sensor

2

g \
(V) TUuIES {y)}) MY torque {(N-mm)

fiau15258Y 1500 RPM 2N oscilloscope RANGE 0.1 V/division

1.0 ms/division

19,08 N-mm,

AV

1

2.70 V,

™%t iy
] ’, 1\’—111111.

2.52 V,

57.26

[

¥ =i,

= 2.16 V,

76,30 N-mm,

>
H

2.04 V,

95,4% W-um,

AV.=.1.98 V.

23



RITIUAANKANIINARDNTYDY Signal vibration (mV) 3N accelerometer W

WISEAY MU torque uAzAINLEITBUANY 9 (10 mv Hdfuuidh 1 g)

TORQUE

N-mm | 19.08 | 38.17 | 57.26 76.34 | 95.43

ANL 52

5B (rpm)
500 2.75 3.37 3.13 3.20 3.63
800 3,75 3.82 | 4.83 4,75 4.25
1000 4.13 5,00 5,13 4.75 4.25

1200 5.00 5.25 5.25 5.50 5.75

1500 6.37 6.75 6.85 7.00 7.75




AITINUARNNRNISNARDNYDY Signal vibration (mV) 30N accelerometer 4

: 7
WA U torque URA21HLETOUAN 9 ( 10 mv fdiflBuidh 1 g)

TORQUE

N-pm | 19.08 | 38.17 57.26 | 76.34 | 95.43

AuLSD

SDU (Ypw)
500 6.93 6.93 6.87 7.12 7.10
800 7.52 7.60 7.57 7.62 7.68
1000 7.73 7.94 7.73 7.75 8.13
1200 8.10 8.11 7.81 8§.13 8.37

1500 8.50 8.07 8.06 8.13 8.57




AT IUEANNANISNARBN M SUURNAIANYNIN  output: AV(V) tHuszas i o vulminse

A : d (mm)
TORQUE 19.08 38.17 57.26 76.34 95.43
(N-mm)
AL57
AV IS |av | & |av ] 6 lav] & |av] &
BU(rpm)
500 1.50[0.225[1.50(0.225(1.4210.213}1.40/0.210{1.26|0.189
800 1.64(0.246(1.70]0.255/1.58/0.237|1.48/0.222{1.40!0.210
1000 1.72{0.258]1.92/0.294|1.76/0.264]1.52/0.228|1.58|0.237
1200 1.90(0.235(1.88|0.270[1.82|0.273{1.42/0.213!1.50]0.225
1500 2.82{0.423/2.34/0.351|2.76/0.414|2.16/0.324|2.38/0.357




' v
ATINUEANNANTNARDIM SUURNAEGYNE output : AV(V) tHussrst Buvi vl dis

:§ (mm)
TORQUE 19.08 38.17 57,26 76.34 95,43
(N-mm)
ANLS
vi & |AV]| 4
53 (rpm) Av | S |Av | S AV | & [A

500 1.50}0.225{1.38{0.207{1.44(0.216/1.22{0.186!1.32]/0.198
800 1.6010.240}1.78/0.267|1.72/0.2581.4410.216/1.78!0.267
1000 1.78/0.267(2.04{0.306{1.78(0.267]1.44|0.216/1.64]0.246
1200 1.70]0.2551.800.270(1.74|0.261 1.42/0.213(1.82/0.273
1500 2.70/0.405{2.52{0.378{2.16{0.324|2.04/0.306/1.9810.297
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DEFLECTICH (mm.) .

OUTFUT SIGHAL (V)

044 99 !
984 DO 19.08 N-mm.| l
0.42- = + 35,17 NX-unm. /¢
274 O 57.26 ?\j—rﬂm.l //
0.4 FAN 7b.5’ﬂ~ N-mm, /
264 X 95.4% N-nmm. ' //
038 95 - ) /
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0.34 Y,
/. /// Vit
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DEFLXCTICN (mm.)
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L 042

CUTPUT SIGHAL (V)
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°IuNAL VleélIO” (m
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2300 1900 1500 1300 800
SPEED (RPM)

RCTATICNAL VIBRATICN AND SPEED(RPM) AT 15.08 N-nmm,

SIGRNAL VIBRATICH (mV)
= b._-".r. i L

7

— = 1 ~Range-10-juVi |—-
3'75 i R ) , —

2300 2006 1800 1500 1200 1000 520
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ROTATIONAL VIBRATIGN 4ND SPEED(RPM) AT 38.17 h-mm,
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MBWUIN N,

GAP-SENSOR AEC - 5505
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2 t
GAP-SENSOR i fugunsdiascozmsuiauuytidasdndafiviuiafiasnnmsia

iﬂﬂawﬁﬂﬁﬁnnwsnBQﬂwsgmtﬁﬂLﬁaqawnnszuaiwﬁwiwaauﬁﬁawuﬁgq (high freguency

© e 4 s ar %4 2{1
eddy current loss) uazlﬂﬂ@ﬁﬂiiﬂlWNWSNﬁﬁSUﬂWS?ﬂﬂﬂiﬂ?ﬂﬂﬁﬂ?ﬁ static URe

dynamic

nanpuaz Wiwn i egeds

f2u1s=npY

1. fuUasdyyn (convertor)

2. 13U (Probe

3. d@&winsy (Pr

fioyaame

RANGE F19§
OUTPUT
RANGE #2741l
LINEARITY

pumpiiuas iy

aompileR At AfDu

UHANINY Y

NT3HAN 9

AEG-5505
) PU-05

obe cable) PU-03

0 - 2.0 mm,
5 V (5 nV/ m)
DC 20 kH, - 2
PEWEN £0.5
convertor
probe

convertor
probe

*i2 vpc, 40

: =10 °

% 1Y
avigunsdiiipiideiiioiwuns iy wseainsoussgndfennduan
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QUARTZ ACCELEROMETER
Series 302A
PIEZOTRONICS
with built-in microelectronics & 10 mV/g sensitivity
303A 27Dia. —8/32 Hex
Measure shock and vibration in applications requiring small size, ng Tt o o ?’de;als %
N H o/ B rmi
low mass or very high frequency response. ]H. - i / < ¢
48
-2 | . :
Series 303A Quartz Accelerometers function to transfer = Py - _;[1‘05
shock and vibratory motion into high-level, low-impedance (100 Supplied with attached ‘-‘1——/ g Ty
ohm) voltage signals compatible with readout, recording or 10" ribbon wire terminating £ 5.40Tha.

analyzing instruments. These tiny sensitive (10 mV//q) sensors
operate reliably over wide amplitude and frequency ranges
under adverse environmental conditions.

They are structured with permanently polarized compres-
sion-mode quartz elements and a microeiectronic amplifier
noused in a lightweight metal case. Three different ¢ase and
connector configurations give you a choice in mounting and
cabling. The built-in electronics operate over a coaxial or two-
conductor cable; one lead conducts both signal and power,
Solder terminal versions are normally supplied with a ribbon
wire cable (10 ft. long; Model 007B10) attached. Model 303A02
requires Model 002G coaxial cable with'aMicro 5-44 connector
on one end.

Test results of the behavior of the Model 303A are presented
below. Note especially the sharp cleansignals free of cable roise
and the exceptionally high frequency response. Because of the
low mass, Series 303A sensors measure motion of many light
structures without appreciably changing the structure or behay-
ior of the test object during the measuring transaction.

Frequency Response (mounted)

frequency — 50K

in 10-32 Micro connector integral Mig. Stud

TYPICAL SYSTEM: Model GK303A Accelerometer Kit

Cable
Ribbon Cable 002C03
o 007810
7 | / v _1 ]
P N i :
¢ L = e, Wy, I </._:
N o i A i L SE
N ! |
% i }

Acceleremeter Power Unit
3024 480006

Readout
mot included)

Nate Coaxial shieided far Model 303A02 only
202G 10,10t lony, '8-44 thd plugto10 32 thd plug
002G X' specity length "X feet

303A02 27D, 5+ 08 Tho.
Coaxial
H ' _@./_ Connector
iy 61 M —— 9,32 Hex
. { i 5-40Thd.
= 'Y === .— integral
= 1‘2 F:_:-" Mt Stud
.27 Dia.
303A03 27Dia e 9/32 Hex
-~ Myp.) — Soider
ir[', — /0 Terminals (2)
ik { } ;
§ 48 i
“h 7 , )
7 ;T
i i i -.
Supreeytia Raceu > Adhesive Mount | - ——-05{Tvp)
10" ribbon wire terminating — = 1(Typ.)
in.10-32 Micro connector ]
SPECIFICATIONS: Model No. 303A & 303A03
Range (for £5 output) g *500
Resolution a 0.01
Sensitivity (nominat) mVig 10
Resonant Freauency (mounted) kHz 70
Frequency Range (£5%) Hz 1 to 10000
Discharge Time Constant sec 1
Linearity 9% 1
Output Impedance ohm 100
Output Bias (nominal) v 11
Cverioad Recovery micr osec 10
Transverse Sensitivity (max.) “% 5
Strain Sensitivity g/uiniin 0.05
Temperature Coefficient %I'F 0.03
Temperature Range
(operational to +250°F) F -401tc -200
Vibration a 1000
Shock fprotected) 9 2000
Size thex. x height) n 0.28 » 0.48
Weight (approx. ) am 2
Connector ‘soider terminals) 2
Case Material 5.5
Seal 2pOXY
Excitation Voitage o -181024
Excitation Current {constant) mA 21020

Notes:

Model 302A02 has a 5-44 micro-connector, Other specifications are the
same. .

Options include 0B0A15 adhesive mounting base, 080A16 three-axis
mountingadaptor (10-32 thread) and triaxial Model 202A06.

PC3 PIEZOTRONICS, INC. 3425 WALDEN AVENUE DEPEW. NEW YORK 14043-2455 TELEPHONE 716-584-0001 TWX 710-263-1371



ACCESSORIES

For PCB Quartz Accelerometers
PIEZOTRONICS

Adaptors, studs and insulators to facilitate the installation
and operation of PCB motion sensing accelerometers.

Models

Description For use with series:

ADHESIVE MOUNTING BASE (hard coat aluminum also
isolates from ground) List of adhesive choices available.

080A 0.5 hex x 0.187 thk, 10-32 thd

080A04 0.37 hex x 0.200 thk, 10-32 thd for 305A03, AO4 & AQ5

080A12 0.75 hex x 0.200 thk, 10-32 thd

080A13 0.75 hex x 0.200 thk, %-28 thd

080A14 0:31 hex x0.32 thk, 10-32 thd for 305A & A02

080A15 0.31 hex x 0.125 thk, 5-40 thd

080A19 0.75hex x0.375 thk, accepts 10-32 stud each side
(provides electrical isolationwith stud mount)

080A24 Mounting Wax* (samples available)

0BOAO5 080A27
0B0OAO7

080A21

MAGNETIC MOUNTING BASE

080A05 1.0diax0.75 thk, accepts V4-28 stud

080A07  1.0dia x0.75 thk, 10-32 thd (43 gram mass) upper
frequency limit on good surface: 3000 Hz with 302A:
1000Hz with 308B

0BOA21 for 392C Seismic Accelerometer

080A27 Ultra high magnetic attraction base integral 10-32 thread

0B0A30 Miniature high magnetic attraction for 303A & A02

s/
£

080B10
080A11

080OA16

TRI-AXIAL MOUNTING ADAPTOR (SS block)

080B10  0.87 cube, 10-32 thd each surface

080A11 '1.25cube

080A16 0.37 cube

RTV BOOT™ {for thermal & mechanical protection)

085A01 0.9diax 1.32 long

085A02 0.64 dia x 1.1 long

0B5A03. for 308B04 Accelerometer

085A05 for 308B03, 308814 & 308B15 Accelerometer

085A14 for Series 303A side connector version

085A15 for 303A02 top connector accelerometer

PROBE TIP (adapts sensor with 10-32 stud to hand-held probe)

080A09 0.375diax4.0 long, 10-32 thd
(use with RTV boot on Accelerometer)

#
ﬁ&\\ el R

081A08

=30

081B05
081B20

081A21

MOUNTING STUDS*

081805 10-321010-32 thd, 0.275 Ig (with shoulder)

0B1A08 10-32to 1/4-28 threads x 0.3 long

081B20 1/4-28 to 1/4-28 (with shoulder)

081A21 0.75 hex x 0.200 thk, Isolation Stud 10-32/10-32

sig/pwr

Y
&

SOLDER CONNECTOR ADAPTOR

O70A09 = Converts micro 10-32 connectors to two pin solder
terminals; withstands shocks to 100000g,
assembles into 007 series ribbon-wire cables

*One appropriate accessory supplied with each accelerometer ordered.

PCBPIEZOTRONICS, INC. 3425 WALDEN AVENUE DEPEW. NEW YORK 14043-2495 TELEPHONE 716-684-0001 TWX. 710-263-1371



2-WIRE, LOW IMPEDANCE, VOLTAGE.MODE
INTEGRATED-CIRCUIT
PIEZOELECTRIC SYSTEMS

transducers with built-in amplifiers

measure dynamic phenomena: pressure, force and motion
involve quartz transducers with built-in unity-gain amplifiers
improve resolution and signal-to-noise ratio

supply a high level (5V), low impedance (

100£2) analog signal

drive long coaxial or two-wire cables
lower per channel cost

L3

Sim

PIEZOTRONICS

faulty operation

. :C, 1
>_ 5 l “M"”  — Self-Test Meter Monitor
{5 ! indicates normai or
ULATOR “C" — AC-Mode Coupling Capacitor
r 1 “D" — Battery or Re

and Source E|

gulator (+18 to 24 VDC)
ement (C C Diode)

/ — Optional gain or filtering

| g N
e -

TAPE RECORDER
OSCILLOGRAPH

X-Y RECORDER
ANALOG METER (4874
DIGITAL METER

VIBR. MONITOR

(381A, 487A05)
INTEGRATOR
COMPARATOR, ALARM
SELECTOR SWITCH
PEAK METER (451A)
SPECTRUM ANALYZER
MULTIPLEXER
MINI-COMPUTER
TRANSIENT RECORDER
DATA ACQUISITION SYS
DIGITIZER

VCO

o

-
i

(002A Coaxial)

Dynamic Pressure
Frequency Tailored
Series 113A20

|
1 CALIBRATOR
|
PRESSURE £k
FORCE . =
MOTION i
TRANSDUCER
(with built-in amplifier)
VERSIONS L 22
¥ G4
SHOCK-TUBE 4
BLAST % 4
HYDRAULIC
SOUND
INDUSTRIAL
SPARK PLUG 4

HELIUM-BLEED
PRESSURE RATE
DIFFERENTIAL
WATER-COOLED
CRYOGENIC
CONFORMAL
“UEL INJECTION
 ELEMETRY
METRIC

TENSION
COMPRESSION
IMPACT
INDUSTRIAL OEM
PRESS
CRYOGENIC
HIGH-RANGE
METRIC

SHOCK. VIBRATION
IGH-TEMPERATURE
\COUSTIC EMISSION
RI-AXIAL
NDUSTRIAL OEM
IGH-SENSITIVITY
OW-NOISE
ELEMETRY
RYOGENIC
NDERWATER

PCa PIEZOTRONICS, INC.

et

£
5
!l
|
=

3425 WALDEN AVENUE DEPEW. NEW YORK 14043-2485

Ballistic Pressure
Integral Diaphragm
Ceramic Coated
Series 108A

Dynamic Force
Ultra-rigid
Series 208A

F e R

-
THLGS

Force Rings & Links
Series 201A

Accelerometers
Resonance Suppressed oy
Series 302A 5

Accelerometers
High-Shock
Series 305A

POWER-UNIT OSCILLOSCOPE
(Basic) CABLE (Regular or Storage)
{002A03 MICRO)
(012A02 BNC)

BATTERY POWER UNITS

Model 4808, Unity-Gain
Model480D06, Gain X 1 . X10, X100
Model2480A08, Integrating

Model 488B, Battery Charger Option

LINE POWER UNITS

Model 482A, Single Channe|
Mode(482A10, Gain X1.X10, X20
Mode! 482404, 4 channel

Model 4848, Dual Time Constant
Model 4944, Adj Gain .1t0 100

‘ViULTI-CHANNEL. RACK
CONFIGURATION
Model 4838, 12 Channel, Unity-Gain
Model 483B02. 6 Cha nnel, Unity-Gain
Model 483A07. 12 Channel,

Ad; Gain 0 10 100
Modei 483A08. 6 Channel,

Ad; Gain 010 100

MULTI-CHANNEL VOLTAGE AMPLIFIER
Viodel 494AC6 6 Channe,

Rack Configuration. Gain Adj 0 10

100. Test Signal Insertion,

Plug-in Filters

TELEMETRY or Field Power.Unit
and Amplifier
Model 495RB

TELEPHONE 716-6B4-0001 Twx 710-263-1371



TYPICAL CIRCUIT CONNECTIONS

el W o 1
<\ L[J \} ]
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ICP Sensor

For powering transducers with buili-in, attached
or in-lhine amplifiers and coupling them to readout
nstruments. Models with battery or line power,

with or without gamn, in single and multichannel
configurations are avinlable. Fortelemetry
applications see separate data sheet on Model 4958

Power on Amphitying Unit

LINE or EXT DC, UNITY GAIN LINE POWER (8)

ADJUSTABLE GAIN

Readoun

{

LINE POWER®)  {,
4 Channel

BATTERY (1
(internal)

BATTERY w' GAIN (1)
(mternal)

LINE POWER @)
AC MODE

LINE POWER )

LINE POWER, 6 CHANNEL
ADJUSTABLE GAIN
INTERNAL CAL SIGNAL

id

i

T i
483A,12Ch
483A02, 6. Ch

B
Uuu‘)ﬁ%;

- e e

3d30  3NN3AY NI TuMm SeveE "INI 'SOINOHLOZ3Id 83d

L XPAL L000-v89-9i¢ INOH-E3713; SEv2-Er0Ori ¥HOA MIN W

-£92-0t

LE

LINE or EXT DC, ADJUSTABLE GAIN

Notes (1) D¢ couphng

dccommaodates Yo 13V

(2) With ones meqobnn load mnpedane o

[RIN
thr

i 34

AR

sl e con gy OO e o

I PO T T S T P

P

Foavithy e i el koot

and 4 516 6V tansducer bias levels

(6) Use higher excit
(7) 105 10 126V 10
(H) How Ty,

Aton current 1o dove long mput cables

1o dO0 ),

whapitea o coline b e

For 2200 aption ahd precly

At hugh b,
b bl

[ .) ., .‘ : L ’
- Ry
] QR R
4 * e e & ¢
% & - ok
3 A L'I
y 483A07,12 Ch : 494A06
4808 480D06 482A04 483A08. 6. Ch 494A
Model Numbers
See optional models below specilications | 9808 480D06 4827 482704 483A 483A07 4848 494 494706 Y
A Fixed Constant Currenm Supply 0 o N O
B Adjustable CC Supply Lo =< (—@—( ' an i >= <1 > {F&-% k"] > {¢ Bﬁ] < | > I [ﬁ{‘l] < )
C AC Made: ofe ot . -I* >3 Bt [‘>‘< L.. o I ot o
D DC M . % % &g 7 o o
E Self lest Mot Monitor qﬂ) & M M) (M) (M) | (M) a7§ M) T (M\) l 2 E
F Bufter Amphifier 7 B [Rl 5 Q” ’R} N [ I [Rl 5 . 1 ‘ g | IR} 5 I [R' B o m
G Adjustable Gon T - = : r I (B} ? i S %] o X
FUNCTIONS | -- A.C.E A.CEG B.CE 8,C.E B.C.E [B.C.EFG B.C.D.EF B.C.E.F.G B.CEF.G S 2 @
?{umducev Excitation voe | 27 21 24 24 24 24 24 24 24 o (7,' )
Excitation Cugreng mA |2 2 210 20" 240 20 ° 210 20" 21020™ 2 10 20" 210 20 S AL R N 1 i .%
\_lglluqu (_iijfu ) ity 110, I(lﬂr unity ity unity 010100 unily 0110100 01 lo H]ﬂ = ({e) =
[E(}ufplmgj Capacitor Jut 10 22 10 10 10 buttered output 10(AC Made)™ haltered output Im!‘l(_n!_-!l output o _12
Frequency Response' i 9% He 05 1o 500 000 15 10100 000 05 to 500 000 0510 500 000 U5 10 500 p0O 2510 100 000 0C 10 200 000 2510 100 000 2510 180 000 E
Ql!l[}lll Su_!n.ll IS 'V 10 LRIV ] 10 10 10 10 10 10 10 ()
Dulpul Current mA | ] 1 3 J 3 5 10 Y0 50
Output lpedance ohm <100 100 < <100 100 < 5h0 <50 2 max 2 mix
: 2 A Oy PV ot amm? A A I BRI A Rl °
Norse (pk 1o k) mV | 020 0220 200 0.30 030 0.35 060 060 060 060 m 1
N
Powe: Required V/He/A | thiee (160 byt three (40 hr)'* 115760/ 1251 115760/ 125! 115/60/ 25" 115/60/ 25 115760/ 251 115/60/ 257 115760/ 50t o
i Fomee: 9V iatteries 9V hattenes : (0r24.28V 08) | (o 20 15y Dy i ‘ 3 H
!’qv_vc_l Connector ext DC jack ext DC jack 3 wire, 6 cord 3 wire, 6% cord Jwhe, 8' cord 3 wire, 8 cord 3wie, 6’ cond 3 wire, 8° cord 3wie, 8 cord g
'ﬁ.’ln;(_lucul Conneetor coax 110 32 thd 1032 thd 1032 thd 10-32:thd 1su BNC 1so BNC 10 32 thd HN(; BNL 8 =
_lenml Connector COax 10 32 tha 1032 thd BNE BNC 150 BNC 150 BNG BNC BN I!NC &
Sl{c(wxhnlj m | 29x4x14 29x4x15 175 x4xh 4 175x4x55 19x17x7 19x17x7 179x4x5% fo))fl(lﬁ lilx.‘)leZ
Weight Ih | I 2 2 45 6 2 4 14
Oplid-ma_l M?gels: With BNC Conn 480802 480009'% 482A06 482A05 483A02(6 Ch) 483A08(6 Cn) 484806
Opliqnal Models: With Gain 480006 482A10 484810 194A21
Other Featurey wien 480A08" 483803 483A17 -1 1848072
Filtered | T
(see specibic data sheer) nteyrating 483805 ' 3 4g3a1g " " cero clamp
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a27RE L BEANISIA

a3 Fipans

t381 Sampling
t2a1303fDyR
FIULIRT
wumtAD§

N de

$wsin

SEHENSATIEDY

pomgiafeu

piAtaie

¢ o

pUNSHL N fu

(i Lcp 1we 0.3 1 5 wan

5 fi 100,000 RPM (AHurudsvipuude 1 %u)
1 RPM ®apAT2NNISIA

*1 RPM (5 fiv 5000 RPM)

10,05 % (tiia1fn 5000 REM)

1 Fudl (1fladacfiv 60 RPM)

: dppfiga 10 Find
. Warandaidnog
S TWIA 1.5 V AA 4 3% (UUY heavy duty)

D USENNM 160 mA(VAENINISIA)

Y5230 20 mA (tianeysit3ung MEMORY)

s sununtensed? 250 nsu

50 Dy 150 i, w3D 2 DN 6 i (Fsmegege
¢

300 i, %¥p 12 shiupgiuuassuniu)

0 "¢y 50 “c

2y

170 x 72 x 37 81, (6.7 x 2.8 x 1.5 i2)

. neetd ad oy 19y

.

tddetioundsen? 600 s, 1 B

g3l NI BNNOBUAEMBINEDENARE 1 Ldu

'
A4

s7az L BreduAny 9 upLasaeEsnh

1. inddsfouas  wmsafaouaiear nuenaUssing 12w, Seasid

] 4 _ LI [} o B
suiinioudgsaved  wnswomuidaudaflivzasuminumpifasnis Taanu Sa5auth
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NaWKIN 9,
RECORDER

_@CHI Input connector
® CH2 Input connector

F/@CHS Input connector
\

L) -

Do ©Dvo0 po ©g-en oo ©0-en

]

I3

7 VA p4
{0 CH1 Preamplifier -+ J /
4@ CH2 Preamplifier /

& CH3 Preamplifier

o
o
o

/-@ Pen lift lever

=

E‘:,'.

33 Top cover

® Paper feeder

== 3 stopp switch
i v
/ / / [ @ Recording paper
® Recording pen =1 feeder start
' Lo e switch
~0
]
: =8 ® :
@® Recording panel = Recording paper
S feeder speed
L 3 selection switch
1T » ™4
2 _~ ;ii o, \@ Power lamp
% Recording paper clamp @ Manual paper feeder dial @®-Power switch

Fig. 1-1 Photo of top view

AEA O n A N

@ Fuse holder
|
@ P
© @ AC Socket
@ Remote control p— l
connector ' 7 o—> \ o @® GND Terminal

U L

=~
/@ POC On/off switch \@ CH2 Input connector

CH2 Input connector

® CH3 Input connector

3V 1 udANEIuUSENOUIBN RECORDER



H2UAUANM TN NY

17 @nfwdndn adida (ox) iedaq RECORDER nwu

2/ vRafln  a=Baidloatngd on

3/ @ndidanaa $2umsiounseany van 14 széy @B
15,30,60,150,300,600,1200 mn/H %30 nm/M

1/ @ndiSamstibunseany

5/ dinduganistiounszay

6/ @uwlununyinm 1%91u@uﬁ1nnn%ua<Lﬁanﬁﬂwsﬁuﬁn

7,8,9/ 2o input UsEnDUAILIN +,- URENSI26

10,11,12/ #Wipve e 9878 input uéazﬁaqﬂﬁagﬁszﬁﬁuiﬁﬁuﬁﬁaqnws

13/ e fisefunnnuasgidias 131 agns

14/ vhnn udstBuddng 9 matos # ues @9 uaztIuansaady

15/ wistuiin A Sowsos iugasuunssansiufin

16/ fafunszme  fasfunseansonfdussrinenstiuin  Faedaanly
Liua L o sudin

17/ gndeflaunssansfipile  AiRensearuatumivifanis

18/ @2dans1ad

19/ WL Rng

20/ fae @R die 100 v R 2 4

Wifps 200 v ¥l 1 A
21/ ##8 Remote control ¥dadymiamuusniunisaivgumsiiounszais

22/ &nd poc Wislefinnsatnu poc (Pen offset compensator)

Plug-in Unit
g . L 7 L] [ ,'b
dusllvesedygne  input  aguseAuipen1SIAY amplifier MM
utepant Sumapsiedioiu 1y vie H,3fe 1,108 z,388 KL,v0 KD uéfind

3 [] [} o
wnaneapeitiurda 2 model SR 6221 Builswaz L Buat Aeafivdiualugunisny



il
Channel# Indiacator

32UBN  channel MasmNsiai@iapdain  panel #ifudt Buafiuvnm

)
<

weivdl Sudhvanas | 8ow foudramyaiide unit 1911

mV/V

Viuadnd cufpunissudnifu ov wsa v

Range

FAndidfataans adouvnsnnm (pen deflection) ﬁﬁuﬁuﬁﬁuﬁmwwm
Bun s aeiuding wv/v (HofPu017 (sensitivities) Wag b
1mV ~ 500V /250 mm.

ON /CAL.V

e Indufaumte  oN S8 input ﬁgn%aa:gnﬂ%uiﬂtﬁuuiqﬁu

7
of ar

aafeati e applifier uReswMFNISLARDuBRSINNNIRAT L TuaSuwilesaete range

v
[

Aoty

VERNI

2
=]

daumguinudgaiiaz fuiisdvanuty Susinsovsuansiaidageds

Lﬁﬂﬁizﬂi1ﬁﬂ?ﬂﬁﬁﬂ(range)é1ﬁ ﬂtﬁaﬁgudauﬁIUﬂquqwauqa(%uﬂﬂﬂquwnlﬁuuwﬁnw)
aartaae fwtumailde 13 ien RANGE uazaind mv/v

ANMISeWINNAIN (Intermediate sensitivities) awuwsngngo
teumsiafawiasnm  laatnd  car.v gn%&ivﬁ ON (fMpdattu  Hivnm
LA3BWIY 80 mm. MWD = ATy x 80/125)

POSITION

\funsfeqagud (zero setting) iy udiememan S vanm
redauwtulufiene +  wastfamprivtiiamenu Snnfn vnnazedauivu
Peme -

MEAS/OFF

tDuadnd Rondugne  input tﬁaﬂ%nﬁgnﬁdiﬂﬁ MEAS Ynmiasnanmsuufin



[ 7}
o~ s

§yg1e input tilDAIU OFF Aygnoasgndassnsiid
FILTER
FAndindde foeannunded s in Pevethsniudgga  input (HpAN iUl

[N 73 [}
oN ihwaciiafp Aeifoe -20 dB 13D -40 dB #D  50H, ilpAlf oFF

§ye input oAUl amplifier Jewllilmsnsosdygia  HandTafanata
2
g9 9 1 impedance 18N output Nnnundedygegenn  zfaBssnniufie w

2/
[=}

nsiifiagdy filter Wi on

N8Rz NN

Tumpuns ¥
1. As2aFBUNEuTaz L Dat ASag
- as1aEiatewi s eI eI Auwseduiinne a1y
oL adaatifing Sudnii i
- #Indifounseasdpeagaumiy stop
- AlenENUINNFaN DL e TN
- Featind MEAS/OFF Uflauwie OFF
2. ABns AV
3. Dedindieday
fasind o (power supply) TWieumi ox tiacdadindudad

(NAINNRDA WAz AN AnEI g

4

o

4. AN
g ¥ s € o
FNA1 range WHIHUSTUIWIADENTYYE input
v q
5. ENA3AguUl
1% [} [}
aavnniiinusileidaensiaesgugniie POSITION
6. NAWILINNIRNIN
b 73
RaNAWIENENUINM DL U UImNNe uasAUINNasUUNSsAEuin

1 1)
7. #NAIUL gﬂumsﬂaunwmﬁ
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Lﬁanﬁawus%uiunwsﬁaunszﬂwuﬂﬁsuuw:auﬁqaﬁﬁﬁwmwmﬁazﬁuﬁn
1ﬂﬂnﬂa3wﬁﬂu1ﬂﬂuwﬁqLﬁalﬁanﬁaﬁulgaﬁtwuwzau
8. 18umsiauasufin
wananmeuls 1 - 7 ufr nedind sTART Jaunszenstuin  uas
Hasind MEAS/0FF WAl MEAS udziSamsin
9. MSUSLAIAIITL
ﬂ%tﬁaﬁaqnwséﬁéﬂﬁiwuiaﬁﬁqnaﬂqnaqﬁﬁh
owind car twfeumie on Qumauﬁzﬁawquiﬂﬂuﬂﬂanmwugﬁuuwﬁ
o nmasdie dusspemne 125 o,

wyugnde  VERNI  ufienanawe Sanfnazaanis L asusasuinn

vlaneaiBeendnn  aesidiunsedauastinmas Susn e fudasidiuantina

fomsan

o Y

b ] i
1. ELuAUBIRgIe  input MIAIANTLSHETRRAYGR uAzdDE
s 2\ 4
9 LhuduLSas 2
2. fsswiemsie  AeiBoaieund  wEaunnniadauiuieuaudnuae
[] L7
fumilevpsnseenstiufin G9aind  MEAS/OFF  UENA WIS OFF uazas s Ay

input ua:?@wwm input
M351#91% RECORDER ¥ila z (g3ufl 2 Us=nau)

1. feaind MEAS/OFF “Wiwumia oFF

2. viyugnieauas  BIAS Lﬁau%ﬁmﬁuﬁﬁqﬁaqvwnnwiﬁagﬂuﬁﬁﬂ -300% -
+300% ¥dN full scale

3. weinditia uaz ov/v (faLdanfians Teitoems

4. Fafind caL.v/on i on WRZVHUYN VERNI 1 HBUSuSuuAan

L1

L Hawgumnafenienaut Saufng puiRgARmaY  uae il uiie
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(8%
e Binafm Siwligeas  fudu fpetueafianene Juauge  deaaas
E 9 y '
gnaamdilae Uiiaing raxce
¥ . ¥ g .
5. ANAINT CAL.V/ON Wilawmie CAL.V uacivding MEAS/OFF lufle"

Uiy MEAS t#DLSudunisia

Input sensitivity
switch

| Bias setting
50 20 10 MEAS. . control

/ |
"~ VERN lnput signal
mV/V RANGE < /CAL. v@ POSITION OFF  Z N\ on/off switch -

Switch 2
Calibration voltage
on/off switch Amphtude adjustment

$U 2 UdAY RECORDER i@ Z
firumsIvs=fvasdoyo input | LSaBunSTafhenisusuaing

RANGE 1Uﬂuﬁﬁwwqw1uzﬁnuwﬁnwau4ﬂ uazéaﬂwyuﬂwutﬁuuwﬁnﬁﬁa:ﬁﬂtﬁaﬁwﬁﬁﬂﬁ,
QUTRPRH]

ms 1 veRNT 1 Fousuduuaan

nws%@éwﬂawulaﬁiﬂawnnsngaIﬁiﬂﬂﬁiqaﬁnainﬁ RANGE / 18w 3 V ¥
WAASHA full seale’ 250 mm. HENNIR WA UADIEGT

1. eadnd RANGE Wwilawa 2 av

2. fadind CAL. V70N luffaumis  oN ua=fin VERNI Randiuannn
valiout fusseme 333 B89 (division) tii0 1 a1y 2.5 om. fagas
fieans

Full scale = @ffid x 50 Bav/amautasflavsy carL.v/ox wion

930 3 Usznau

ez

nmsiu Blas
Wwmsiauseuiin  1le  E,L  @ensoudusiuieuasianm cfarid S

130% 2% full scale TAUNSHYUYN POSITION



95

drunsiivassin  z  #NsoUsuiiedde -300 %~ +300% 1DY full

scale ﬁmam’tugﬂ 4

00 00 00

Calibration voltage
amplitude

50 Divisions
~._33.3 Divisions'

IFull scale: 250mm
100 Divisions

000 0O

;% 12
51 3 uamemsavAANhiiaeiagRsandind RANGE "Wl

3 Full scale -
e | 250mm (100 Divisions) .
2 130% (E- L) :
-300% +300% (2) +300%

SU 4 UARYMSLRNTEu DN luEle E,L ude 2

faptna Sudygedegull 5 [sgniuinaeluedog

100 mV l_ ____________ |
W\/\/\/\/\/‘:.——F Varying component
50mV bem e e e — -
DC Voltage
0

sU 5 uaﬂqguﬁmwwmﬁa:gnﬁuﬁn

2
o a

ﬁwgiwﬂﬁﬁﬁﬂ E,L mstufinuaz@siineta i 100 mv. n1stufinazs i

HRBBRNINAYUT 6



100mV o5 *
=]
DC Voltage S| WAV
superimposed on | .
the input signal '5;
&9
O\l o 60 ©0 0 00

51 6 udnsnail &AL ASoerie E,L
ok edperin 2 ﬁwﬁﬁagn%ﬁlaw1?ﬁ 200 mV. A998 input LNl
i nnmefalymeiunnvasnssansdufin L9IFRNUSUY  BIAS Y
anﬁﬁﬂtﬁﬂﬂﬁ$ﬁ§ﬂgwmiwnszuaﬁsq (DC  component) §0%buﬁhaguu5ww1m input
unethintamzadaud Sud s cuden (varying component)va¢ﬁmm1mﬁqguﬁ 7
fdoemsYadypnoiamefad Sauvann et svaenseasiulin Ao

Aty 100 wv. fasiddwsiauiuiitdaniaSavfie &, L

== - ol ] . bl |
oo 600 00 0 |

h

Full scale: 20mV

Cancelled portion .

——t v

sy 7 udasaitidaniadassie 2
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2935 RMS
20K
—MW
10K
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10K lﬁOK 20K
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O AR
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FUAANINAT RMS
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