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ABSTRACT

The tension lifter of cam chain in 4-stroke motorcycle engine obtains both the tensile force
and compressive force due to the flap of cam chain. Both tensile and compress loads are called the
fluctuating load.  After some mileages, the fatigue occurred in spiral spring which affected to the
tension of cam chain, abnormal noise, and engine damage.

In this study, the tension lifters of cam chain, which has already been used between 0 to
30,000 kilometers, were tested by cam chain tester and vibration tester. The results show that the
distance between 0 - 5,000 kilometer, has the best compressive resistance time which is 20.16
second of the testing time. The testing was done continuously, the compressive resistance had
reduced to 12.67 second at 30,000 kilometer. It dropped down to 58% when compared to 0
kilometer. The Ansys program gave the analysis result where the maximum stress occurred on
the spiral spring, then the absorber was attached. ~After 120 minutes of the testing time, the results
shown the strain decreased to 0.005 micro strain compared to the part without absorber.

This procedure decreases the strain occurred on spiral spring that caused by fatigue.
Also, it increases the compressive resistance of the tension lifter and the engine noise has

consequently reduced after applied the absorber.

Keywords: Fluctuating Load , Spiral Spring.
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SATTRTRR T YUIAQIA(mm) X Y A B

Hard drawn wire 0.50 - 16.00 0.190 0.340 1780 | 560
(ASTM A227)

Music wire 0.10 - 6.30 0.154 0.154 2150 | 565
(ASTM A228)

Oil tempered wire 0.50 - 16.00 0.190 0.340 1855 560
(ASTM A229)

Valve spring steel 1.50 - 6.25 0.100 0.150 1730 515
(ASTM 230)

Cr-V steel 0.50 - 12.50 0.166 0.150 1976 515
(ASTM 231)

Cr-Si steel 0.80 - 12.00 0.107 0.150 1965 515
(ASTM A401)

Stainless steel 0.20 - 12.50 0.140 0.170 1840 | 360
(ASTM A313)
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2.15 MUSuanuadauuualSava (Spiral Spring Type)
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STRAIN GAUGE USERS’ GUIDE

EETIEARDHEEER
Special Reference in This Book

SEECEDI B LEOZELEELORALTVET.

Guide to careful attention to saity operation.

BURLEDERZERLTVET,

Guide to special technique on operation.

ERICALTEEER BRI OVWTEBELTVET,

Guide to further explanation for convenience.
P

TMLUY &7~ 12— F—-XHF RUCHNSICETA8MWShEll. SE8 LB EENIITRUET.
T 'E%ﬁ%af \Abcm ;Eé";ia‘.bb<t+7‘if*§‘$§§£‘r=x;(&:%Eumr‘:bf:"*r:

HLTRFE ,C:t%é ETRICZENBIET, H5UHTTHRFEAR L,
t 1o change without prior notice.
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TML Strain Gauges

{(TMLU T &5—2)
1954 ENRIELLE . ENASRRFREHRERENTFIA—HELTUVT T —T 2R DICBSLDFVIF LA
SERELTEVWELE, ZTOLOELLNOESOST, BICEAIEO—XEESZ. EFHESLNIVD4,0005
ICHBEIERVEEFEIL. STHELAD—XIIZH@EHILSHBALTEIET, TMLUTHF—JRER. &
B BB BREESTO—SLAG50E [EFSICHAZHESWIEZETASIC. NAS 942, OIMLENERER
BIIEDWEEEDERTEREL. FENSHEEZSIIRVJEATSIET,

{TMLUO T &F5 - 2—HF—-XHAK)

TMLUOT &5 —JRBELREICEHE. BB OBEEEEELISIZTH. 20075 —JREFRHIVRE
HBELEILI->THEHMEICERYF G THEEELET, UT 45 —JRRENRYOHR. EFEE. ¥F—UTES
EXRBUEGERL. ELDIMFUBIEICE) SBEDBVWUTHEENTEET T, LALEHI S, ZOEFICRRS
NETHBHHEAOUTEZF—JSORITHIZ, BETCHFEETCTHATSUETOT. U 5 —JVIIRIEBER
EPELLET, IDITMLUT &5 —T 2 —F—XHAKIRUOTEEEDITOLEIC. UTHT—TJDRBIRHHE -
B 88 O-F TETCOBEIFEEELL DRMICToTWEREEHICBELSL:, ZOITMLOTH#5—Y
A—HF—XHAK|BUOTERERETONANTVIICIFHBOAEALEISEDEE S 75 HHOTESIUEH
BEICSVWT . EECFHOATVWBEEER LIV T A5~V ORBEOSEETEDTHIET, UTHF—TJDE
TR EENBOHME. K. & BELEICIY. BESBREGVETH. ZOITMLOT&5—Y 2—HF—-X7
AR]EZERICTMLUT &5 -T2 BEVESN, , :

<<TML Strain Gauges — Background>>

Since it was founded in 1954, Tokyo Sokki Kenkyujo Co., Ltd.(TML) has established itself as specialized
manufacturer of stress measurement instruments. The TML original products cover the full range of strain
gauges as well as many associated products. Throughout its 40-year history TML has striven to meet the
needs of its customers, providing as many as 4,000 models to choose from, the largest product range in the
industry. TML strain gauges are built using an integrated system of development, production, testing and
inspection. This integrated system ensures that our products are subjected to the full range of tests required
by international standards such as NAS842 and OIML. In line with our policy of "Building Products You Can
Trust”, strict product quality control applies to every TML strain gauge.

<<TML Strain Gauge Users' Guide>>

The wide range of TML strain gauges cater to almost all measurement conditions, and all TML strain gauges
function by being attached to the specimen either by adhesive bonding or resistance welding. Accurate
measurements can only be obtained as long as the specimen material, operational temperature and strain
gauge dimensions are selected correctly and the strain gauge is correctly installed. However, because even
the latest strain gauges are typically bonded to the specimen by hand, the strain gauge must be installed by
an experienced technician. The TML Strain Gauge Users' Guide is designed to allow engineers who have
limited experience with strain gauges to use them correctly and effectively, and covers each step from
selecting the correct strain gauge through to attaching the gauge to the specimen, connecting the lead wires,
and applying coatings. This Users' Guide was compiled for use as an on-site handbook for using TML strain
gauges, and its explanations stress the actual tasks involved in using the strain gauge, whether you are using
the gauge in your factory or out in the field. Strain gauges can be installed on a specimen in many different
ways depending on the shape and dimensions of the specimen, the material it is. made of, and the
environment in which the measurements are taken. Always refer to this TML Strain Gauge Users' Guide
before using a TML strain gauge. -
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1. OFHATOENEDTH S —J DEfE

Measurement Using Strain Gauges

Strain Gauge Purposes and Criteria for Selection

1.1 UFHREDEE
VT SEEICRERIDDENIBIET,
QU T HICLITEMEEAIWES,
QU TEHISEHERAN. TDHATARIThERBVWLIBEEDNNR
SEEAVEWES

U7 at:Z@LT%E@%EE’EFﬁ?gQ‘DL‘.ﬁ]‘)f:b"%c

U7 HBIEICREENEIUVERNESIED Ff DBNETH,
THI—TRENLBELL) BAEEEROIIR y(iﬁwbh'c
WET,

1.2 UFHIS—J OEE

U3 a5—JRBLOFIEEERATVIHNN. —FTREREIH3C
LHERTYT.

BE. v—fﬁi ES. RREEECHLT—ENEBRF I HIETO
T. 55U OBRERBEOHTUTHI—JE2ESUENBUET,
Movasr—-JyoiEk

OIEEAMETHE. TR/ KRENRADGTRELELSE,
OISFEEEEE(TE. BANLFENI TES,
OFERCETEN R BANDSBETILICIBETE S,

OZ S DEEFEIE. Eﬁﬁﬂﬁﬁ"?i‘i%,

CLANERRAEDNT. F—RUENES,
@vTasr—soEm

O EFZFLIIUTEEZZIPT L,
OFHKIE, WBELENBL BK -BIESLUBRENFEIVLE,
ORHNIBWNIF Iy IEET 3.

1.1 Strain Gauge Purposes
Strain gauges are generally used for one of three reasons:

@ To ascertain the amount of deformation caused by strain.

@ To ascertain the stress caused by strain and the degree of
safety of a material or of a structural element that uses that
material.

@ To indirectly ascertain various physical
converting them to strain.

There are a number of ways of measuring strain mechanically and
electrically, but the vast majority of stress measurement is carried
out using strain gauges due to their superior measurement
characteristics.

quantities by

1.2 Selecting a Strain Gauge

Strain gauges are provided with many convenient features, but they
also have limitations.

Each strain gauge has its limitations in terms of temperature,
fatigue, the amount of sirain, and the measurement environment
These limitations must be examined before a strain gauge is used.

(1) Strain Gauge Features
© Simple construction with a small mass and volume so as not fc

interfere with the stresses on the specimen.

@ Short distances between measuring points for localizec
evaluation.

© Good frequency response for tracking rapid fluctuations ir
stress.

® Simultaneous measurement of muitiple points and remote
measurement.

@ Electrical output for easy data processing.

(2) Strain Gauge Shortcomings
© Susceptibility to temperature variations.
© Low resistance to moisture and humidity, necessitating
waterproofing or other protective measures.
© Need for skilled technicians.

WLWET,

gauge effectively withip the usage limitations.

TML will appraise all client staff of the current strain gauge technical

QU FBI—UDME R
Strain Gauge Characteristics
LHTRI-—FOERIERDV TS5 —IORFKEESHS L. EEEEATOVRNLVTAHES LT

standards, and will briefly explain how to use the strain
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2. UTHT—Y UJEE?:?%E

Strain Gauge Principles and Structure

2.1 UFH&lE

HRUCSRA (FERESED) FMDIETE, TRCHGT 3667 o
HEABIRELET, ZOBACRFILAIBRV T4 (ERUTS)
FEEL RELOFHELFAL (FARL—4LICEHBLET,
IDEEDLEALDEIREVTHESVET,

2.1 What is Strain?

When a material is stretched (or compressed), the force used
generates a corresponding siress ¢ inside the material. This stress
in turn generates a proportional tensile strain (or compressive
strain) which deforms the material by L=+ AL (or L—L ), where L
is the original length of the material.

When this occurs, the strain is the ratio of AL to L .

1 Ay
Pe | [} = P
Al 7 .
FE " L € : Strain
L. #HOBHOEZX L : Initial material length
AL S APICEBT{LS !A N i) AL : Deformation caused by external force P
P:4h 172 L 2 P : External force
" 4L AL
<SFIT > wes E = v Fig. 1.1 ZRELF S <Equation 1.1> -+ € =T

Tensile Strain

(BIEE11) RZ100mMmOBEFANEZFTOImMmERLAEZD
U5H( € )RR11»5
_ 4L od
T L 100
ExYET,
UF S X102 R HITLETOT EDEN LSIZ1000X 10-50F
% (72121000 X 10-5%°1000 . m/m) THEL =7, E&#FIE100071
J00FaELYES,

= 0.001 = 1000X10-5

22 UTHIS—IDFEE

VT AT - JERUMI L RENRD (U TRBELHT) 0T
RELETE, 5 -UN-REEELTERBICO T EDIET,
MBR. COVFHIENTETILEEL T, WBLA ERELS
WET,

vis >
K‘_—'&—

IDEEDV T HEERTEOBEIEIR12043 IHIEWET,
. o aL = 4R/R
L K
E:XRDBBIVTH
R:¥5—TiE#H
AR VT HEREZ0ERT{(LE
KiF=CZ2(F—INys5—JI288)

(Example 1.1) When external force is applied to a material
100mm in length causing a deformation of
0.1mm, equation 1.1 gives the strain (&) as

follows:
aL 0.1

€ =——=———=0.001 = 1000X10-5
L 100

Because the standard format for expressing strain values is 1X10-5,
the above result is given as 1000X10-5 (or 1000 um/m). This is
referred to as a 1000-microstrain.

2.2 Strain Gauge Principles

When strain is generated in the material being measured (referred
to hereafter as the ‘'test specimen’) and a strain gauge is attached,
the strain is relayed via the gauge base to the resistance wire or foil
in the gauge. This strain changes the dimensions of the wire or foil,
which causes a corresponding change in the resistance. Equation
1.2 shows the relationship between the strain and the variation in
resistance.

X < ¢ JR/R
<Equation 1.2>-++ € = L =K—

€ : Strain measured
R : Gauge resistance
IR : Resistance change due to strain
K : Gauge factor (shown on gauge package)
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2.3 U TFHIT—IDIEE

V§&5—TR. F—INX—ZAQOLICRFROBRAESE TSIy
FUUMIUEREETRAL. SIZELE(F—JU—-FR) &fF34ED
DT,

CNEERZEOEEILERESETEELTEELSET.

#B7°—2-Wire Gauge

4#—<&-Gauge Length
#F1ELET -End Loop

l Lo-l-= 1 —3+—TMLY—7-TML Logo
]

:5—%—:
| Pk St

/
o~ i ;
/ JUK-Grid

== F—?'J—F-Gauge Lead

7 —I~N—X-Gauge Base

IZRF] - Adhesive

FHAKT—7-Measurement Axis

2.3 Strain Gauge Struciure

A strain gauge consists of a gauge base, onto which a resistance wire
laid out in a grid or a photographically etched metallic resistance foil is
bonded. Gauge leads are then attached to the resistance wire or
foil.The strain gauge is attached to the surface of the test specimen
using a special bonding adhesive.

45— +Foil Gauge

44— %-Gauge Length

-\- #—57-Gauge Tab

4’)‘/1“'@{@

i77/\‘—74)',1.\-Cov=-:r Film

F=I1)—K-Gauge Lead

N

Fig. 12 UTa5—Jnifis
Structure of a Strain Gauge

@ F—IN—2X
T-UREBBOMRERS. BEBREOUVTHET-USERAESE
TAIEELERMEROREERLTHA T,

05— &K
VT T—Un5r—CREB0OKRETT, HNELZTOREINE
&T9,

® JUyK

. TV REBTEATCFETIRS T

® 5F—JU—F
TV REBREEES U T NS5 R HENABVEEBTT,

@ FELET
B -0 F—URBBOFRVELBA T,

@ Fi{rK<—4
TUsRDROICERGShAEBROBOY—7TT,

@ H/\=T1IL L
T-UVREBRERB|TILHD. BOITAIALTT,
er—457 '
B —JIIs0WT F—IU—F BRI 300 BF R E-TW
3385 T,
o EEA
VBT —UEERBAEEL. UTFaE5—UX—INEELET,

@ Gauge Base (Matrix)
The gaugs base maintains the shape of the sensitive elements in the
gauge, and relays the sirain in the test specimen to the sensitive
elements. The gauge base also functions as an electrical insulator.

© Gauge Length
The gauge length is the length of a sensitive element in the
strain gauge, and is the distance between end loops.

@ Grid
The grid is that part of the strain gauge's sensitive element thal
produces the change in resistance.

@ Gauge Leads
The gauge leads are fine conducting wires that are connected tc
the gauge's sensitive element or gauge tabs.

@ End Loops g
On a foil gauge, the end loops are the loops formed in the gric
where the sensitive element loops back in the opposite direction.

€ Measurement Axis
The measurement axis is an axis running through the center of the
grid (indicated by locating arrow markers).

& Cover Film (Encapsulation)
The cover film is a thin film used to protect the sensitive element.

@ Cauge Tab
On a foil gauge, the gauge tabs are the areas where the
sensitive element widens to allow gauge leads to be attached.

& Adhesive
Adhesive is used to bond the strain gauge to the test specimen anc
to relay the strain to the gauge base.

(33
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TMLUT#HI—IDIEDT L4FHE

THIL Strain Gauge Manufacturing Process and Characieristics

1. TMLEU TS —UORETE

Manufacturing Process for TML Foil Strain Gauges

i ﬁﬁnﬁﬁﬁ F—Ussst

Research and Development Gauge Design :

i: ESRETRE Y S > e e Rl S S i S St s e e s

¢ (1r—Uns—vomEt ; 3.A~—ZHEiEDRS 5.5 — U SRERE 08E

g Gauge Grid Des:gn 3 Gauge Base Resin Formulation P'nd.cmuAb,icr&anGaySasﬁwB:-r

i (2.0% revzooBuE 45— R— R DEE € BAEHUEEFE(TCR) OE=E

3 Photomask Production ‘ Gauge Base (Matrix) Production Acﬁstmvmoﬁa'npaa*ufﬂ Coemerudﬂess!a:u

5 S L S — I T~ e e & =~ 3 —_c R e e e \\_rs’ - B agwa grsy ey >

7.7% bIyvFUITIE
Photographlc Etchmg Process

8.5 —IMIRGE
Inspectlon of Grid Conﬁguranon )

~
9.F—JU— RDES :
Bondmg of Gauge Leads

A

\:

10.57°— JiEMSEEE :
Adjustment for Gauge Resnstance K

B = T ey ey e

A A

N AN-T 1 VLOEE

Cover Film Lamination

e --V.‘ S

124t EIF

Finishing

ettt e o

LN oo s

13. 145845185
Performance Characteristics Testmg

—

14 20RE
Visual and Microscopic Inspections

15,95 - 175 h
Packaging and Shipping )

v

LN

CATE T A U st S GO AU TT OB A0 AN (=N 2B
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2. UFHIABRDOHAN

Strain Measurement Methods

VT &5 —IHFUTHEZUTEAT{ET3RER(F—JIERI200.
VTHE1000X10-50FT &, G.F. 200D S T. 0.240)EH T/
L EBEDFRAE—HETCHBER(IDEATILERAETINORE
HBTY. I UTEIF—JlR. RA—bARTUTEE(ITIY
yUEREER)EBVWG ERTEEEECERLTIUVTHEAEET
WwWEd,

TUyPEICUVTEF—CERDESICEHZIAZK, AAHEICEEEZM

ABEVT AT —TDEATILICEFLT, HARCEEI BELET,

VT HHAREDREIZ

The size of the resistance change when strain is exerted on a strair
gauge is extremely small (0.24 Q for a gauge resistance of 120,
strain of 1000X10-% and a gauge factor of 2.00), and this change
cannot easily be measured with any real precision by a norma
tester. Usually, strain gauges use a Wheatstone bridge circui
(referred to hereaiter simply as a bridge circuit or bridge) to conver
the resistance change to a voltage output for strain measurement.
Figure 3.1 shows how the strain gauge is built into a bridge circuit
Voltage applied on the input side produces a proportional resistance
change which in turn generates voltage on the output side.

The following equation shows the relationship between strain anc

output voltage:

o
Ae

<Equation 3.1>
R:Rs—R:R«

1e=—— """ __@in
: (R:+R:)(Rs+R9)

4€ = OQutput voltage
€in = Input (exciting) voltage

<=#3.1>
: R:R:—R:R. ”
4A8=——7—06©6——¢€in
. (Rs+R:)(Rs+R) =

de=HABE ==
ein= AHEE - /[\

Ri= #—iEmiE j = .

R:~R.= EEERANE = !
EENET, : Fig. 31 %4 — kXM TY 9T

Wheatstone bridge
2

R=R=R=R:i=R&T3E. UCTHF-JICVTEHIMH-T
T EIT—T DEARIRTARICEY

- ein-4R
e > =TTy
AR <K< REFETHIE Bl A ie' &
<H33>---d40=—1 S SN2

4R 4
cEvET, 3

DT EABRTH, TUvTEBDOERFA—TEVESIE, TODERE
ECEBHABENELET, LEI ST OTHHFELEEAZTED
5. COPVHTFEEBEEELSIVEDDNF LXOBEICEVET,
. LHDESADMEDCHRNERERLTLDFS—JIEREELR
UTEKTH. BEDEREHNI SLTNIEERIERVUISET, HLED
FeBWMET{ELAELETE

<:3.4>
4o 8in (AFL 4R: | 4Rs AR.)
4 R: R: R: R.
gin-K
== a (Ei—E+E3—ED)

ZZIZR:=R:=R:=R.

TED5. EROBRYSSEAT{L(CTH)EE A, HBifEs
UET. 0T SURAT/FEERY £5EENFMESY . HAZA
THAEERWDBESRENENELAVET, COFEEIFSIE(EAHE

R: = Gauge resistance
R: to R. = Fixed resistance values

Where R = R:. = R: = Rs = R, the strain gauge resistance
when strain is applied varies to R + 4 R.

& ein- 4R
<Equation 3.2> ++- 4= —""—"7
4R+24R
If we assume 4 R<<R, then:
= ein- 4R ein-K
<Equation 3.3> - - de= = =3
4R 4

If the resistance at each arm of the bridge is not the same when th
strain is zero, the difference in resistance generates an outptL
voltage. Accordingly, the voltage obtained from the above equatio
is the output voltage generated by the applied strain minus thi
initial voltage imbalance.
Even if the resistances between A and D and between D and C i
Figure 3.1 are not necessarily equal to the gauge resistance, th
above equations hold as long as the two resistance values are equa
It we assume that all values change on each side of the circui
then:

<Equation 3.4>

Je__ein(_m‘ JR: . dRs JR.)
4 R: R: R: P
ein-K
e (Ei—EHE5—E)

Here, R: = R: = R:= R..

Consequently, differences arise between adjacent resistanc
changss (strains) in Figure 3.1, and the difference across the tw
sides is the sum of these. As a rssuit, if adjacent resistanc

13
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7 DEDE,. FLEELDEEELA. HAOFEBARIEAYTIIEST changes have opposing polarity, the difference across the sides
£=7, becomes the sum of the absolute values. Likewise, if resistance
ENLE-LUTHEAESRE. TRESTIOBIIRLTGERN, changes on opposite sides of the bridge have opposing polarity, the

- Table 3.1 ERFEEZTDIEE

difference across the sides is the difference between the absolute
values. The skilful combination of these principles allows you to
eliminate any unnecessary elements and to maximize the output.
Use the table below as a guide to selecting the best strain
measurement method for the measurement purpose.

Connection Methods and Their Characteristics

g8/ E : RIS T T

Connection Method 58 e BAA I i - Characterisiics .
iy =-J2 sk IDFER RICVTETF - R R e REEEEATIUyEREIERLST. UFET5—YNELEELEVST. &
Quarter bridge 2-wire system

||there is no temperature change, or when the effects of temperature change can be ignored, as in dynamic

CEERRT—VEBEV 3B PRSI ELES, RN ECE CEET RSt S TE3 B ANFETTE,
In this method, the bridge circuit is mads up of a strain gauge as R: and fixed resistances for R, B and R.. This is the
simplest way to use a strain gauge, and is the method used for self-temperature compensated strain gauges or when

measurement.

1 F—JETU—FEN BLES P, BUWW—FREEET318843. U—FIROERBIEELET. B%. Y-FEOLISZ, &
REEFREOXZVEEEEELETOT U-FROERERNEKTLEAT(ES RSB TR, BEADDBEEVET,
SO RO RIS EAT LN EHE R DI SRR EF S hheT,
—fﬁmmhﬁlﬁ?liﬁéiﬁiéhaﬁliﬁKT’Te )

In this method, the resistance values for the lead wires change if the lead wire is long or is particularly fine. Because
lead wire cores are normally made of copper wire, which has a large thermal cosfficient of resistance, the change in
resistance cannot be ignored, however small the resistancs, as it adds to the thermal output.

The three wire system is used to avoid an unexpected efiects of resistance changs caused by the lead wire temperature.
This is measurement method most often recommended for strain measurement.

25 —~TE
Half bridge

COHBERVT &5 -2l TN 2D ERERTT Uy CEBEEERLET,
This method uses a bridge circuit made up of two strain gauges and fixed resistances on the other two sides of the circuit.

TIT4T-F3-& RETIFATT—T ReEFI—HF—JEF1N, U a5 —JEU—FENEEEREFIHES
Active-dummy method | T3,
=Y In this method, R. is the active gauge and R: is a dummy gauge. This is used to compensate

‘_/_; for the strain gauge and lead wire temperature.

2T T4T & SRR S ERREL. BIFR S EREL. Hﬂh&ké%m')&dbfcb‘!i‘%@ﬁi??'a
Two active method This method eliminatss the tansile component and is used to measure just the bending stress
or when a large output is required.

:mﬁimgﬂh7®4mtavfﬁf—ﬁ%ﬂméﬁi?Jﬁ>z§;—#¢h»7ﬂicﬁbh$fﬂ:—ﬁwmﬁﬁi
TREBShLEESRTT,

In this method, strain gauges are connected on zll four sidas of the bridge. Tﬁis is used in transducers and to measure
torque, but has limitations in ordinary strain measurament.

Tokyo Sokki Kenkyujo : ' 14
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3. UTFHIF—IDEEEER
Strain Gauge Types and Selection

VFaF—JRBRICEBLIELAISICERBREOHE. EFER. 7'—

SFEEEFELGERL. ELENFTETE BEORVUT &F

EOFIEET 7.

LALEY S, EEICEBEREGEEE,S.

F=RBZRHBNVET,

@ NEE{LRUSERENEF B HETHEVAWY. WRHHVINBEE
z184,

@ BEES—JEEVWAVLY, BREOH BN BEEEETHIES,

@ +HEOA—F 1T ETNIRKEN BN SDIIEERCEINT
EEVIBE,

EE BEINRILICVAVAEFIHFIHTIVWET,

BUVWESYDBBIHF TELZW

~HREPAERAEOTLLSHBEETV. BYLVTEI—VER -

WWTLESEL,

As stated in the introduction, accurate strain measurement is only

possible if you select the correct gauge for the test specimer

materials, operating environment and gauge dimensions, and ther

install the gauge correctly.

Even so, there are many instances where actual measurement

does not proceed as anticipated due to the measuremen’

conditions. :

The specimen itself can impose a variety of limitations, for example:

© When you want to use a heat-curing adhesive but heating the
test specimen is problematic.

@ When you want to use a weldable gauge but the test specimer
material is difficult to weld. N

© When the amount of coating required to waterproof the gauge
causes structural problems with gauge functioning.

You should thoroughly examine the test specimen and the

measurement environment before you select the appropriate strait

gauge.

QU TFHIT—IDER A
Strain Gauge Selection
VT —JNBROBELHEEHZOTIEDETISELEE L,
Refer to the TML catalog also when you select a strain gauge. 4

3.1 UFHF—JDESE
MLOFH S — SR EEENSLIUBIE NS, 20/EBASS —

3.1 Strain Gauge Types

The range of TML strain gauges includes over 20 gauge series

TOY—X TIBRLTVWETH. IZIZ4DICKFIEh =T, each with differing purposes and features, which can be classifie
into 4 broad groups. i
NUOFTEF-—JOHE (1) Strain Gauge Classification
Table 3.2 VT &5 —TNEE
Strain Gauge Classification
48 VT aF— S OEF
Classification Strain Gauge Type
EEEE EE2. BE. S8, 882
Testing Temperature Low temperature, normal temperature, high temperature, super-high temperature
EREOHHE 2B, A2 9Y—b FH. FSXFv . EEH. H5XEE
Material Metal, concrete, wood, plastic, composite material, glass, eic.
%?ﬁ,‘ﬁi% Bigik (KUT&). BHER. RBSH. KL r&EH, S8, bLIEE
Special Uses Large elongation, siress concentration, residual stress, bolt axial, magnetic field, torque, etc.
THRENEES B, AT ISLEE

Transducer Use High resistance, diaphragm, etc.
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R VTEF—SOxES
VT TF— DAEEOEREF R ZD5UET,

® F—T~i&
UT T —C 2BMIFUBERPHEICLN, OF&F5—J0ixss
DERERT =T,
L UT SRS —URIEBRBILS VBT OIES  BiE0OAHOD
—TACTHFRETTDTC. A—F(>TAN-ZHEELT. VFH
T DREIERDET .

94t

05— %

TURB.UTETS-JOUTHBEIOESTT,
REMRIIGCUT. BRIV T AR —SENS VU T4
T=U% FHEL AU T ABEICR S — S EDRVWUTES—TUF
BULET,

HTMLU T &5~V 0.2~120mmD 5 —J E5BELTLET,

-Table33 F— TR EBEEHE

Gauge Lengths and Gauge Applications

(2) Strain Gauge Size

The second criteria for strain gauge selection is the size of the
gauge.

€ Gauge Size

The location of gauge installation and the material on which it is
installed impose restrictions on the strain gauge size.

Also, because lead wires have to be connected to the
connecting terminal and a coating applied to protect the gauge
from moisture, the space required for the coating must also be
considered when you determine the gauge size.

® Gauge Length
The gauge length is the length of the sensitive element in the
gauge. You should use different gauge lengths depending on the
specimen. Gauges with short gauge lengths are used to
measure localized strain, while gauges with long gauge lengths
can be used to measure averaged stress over a larger area.

# TML strain gauges range in length from 0.2mm to.120mm.

7 — T & - Gauge Length |

- BIEXIR - Gauge Application

1]
0.2 ~1mm '
0.2mm to 1Tmm

EFLHDEE

For stress concentration measurement

2 ~6mm
2mm to 6mm

2EO—FZUTHAE
For metal and general use

10 ~ 20mm
10mm to 20mm

TR K. FRPEED—HUTHEE
For mortar, wood, FRP, efc.

30mm to 120mm

30 ~120mm 7Y —-brO—BUTHEE

For concrete

|

@F—~IRMDEBR

ST—vis

Y

Selecting the Gauge Length

THHREZHEOBE T, U B e CEsL BN IEL LSS LETT,

FZIL, A TV—rR A BB (B - BEE) ErSIBRINETOT. ATV DOFER L HEDFREICIE, BRI
EOEEEEDOTF - EFf EDhTVET,

For a heterogensous material, a gauge length is required that can average out the irregular stresses in the material.

For example, because concrete is composed of ceament and an aggregate (gravel or sand, etc.), the length of the gauge
used is three times tha diametar of the gravel pisces so as to give an averaged evaluation of the concrete.

Gauge Widih
f—ﬁmf)"lﬁl;'c"’f—“/'q%@%‘%\,v}l'fj(FLK91’7’) BHIET,

T AEEET, BORBEOB IS — S EORN DT H S — S ERRL TS, T

train gauges with the same gauge length are also available in a narrower width (FLK-type). iy Glaug/e Width
k\{ Select narrow strain gauges for thin specimens such as cylindrical pipes, eic. /J
Tokyo Sokki Kenkyujo 16
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RIUT&HF - OFR (3) Strain Gauge Shape

TMLO T35 —TJRBEICEBOMREBELTVWET. B

BICH oS — TR EBRLTLES L,

TML also supplies strain gauges in different patterns for a range

of applications. Select the appropriate gauge patierns for your

application.
Table3.4 UT &7 — I DASER
Strain Gauge Patterns
F—UEFE 157 2ET 2ETF 3EF 3EF 5RF= |
No. of Gauge Elements 1 2 2 3 3 - YD 1
7= : ==
Gauge Patterns E % ﬁé % |
>, i \
it ﬁ%
L OIFFR g 70X 03 oy b Oty b 53 _ v
TML Nomenclature Single element | 2-element Rosette | 2-element Rosette | 3-clement Rosette | 3-element Rosette | 5-element Single-axis
TUYFER = HER SEE EEE SEE =
| Grid Layout == Stacked Type Plane Type Stacked Type Plane Type —

@ UoTHTF—JDEREERER

LHTRBHD. F—UE0OEERE BEFJY-7. BEFYTH

TEDGFENSEREEBBERHTVET,

TF-UREBEBOMERPHIR, F—IX—-XOHHEZELH->TER

EESBEIfrEEVET.

Table 3.5 TMLU T &5 — U EEEESE
Operational Temperature Range for TML Strain Gauges

(4) Strain Gauge Operational Temperature Range

TML determines the Operationai temperature range of its strair

gauges on the basis of characteristics such as the therma

output, thermal coefficient of gauge factor, thermal creep anc

thermal drift of the strain gauge. The operational temperature
ranges of strain gauges differ depending on the material anc
grid configuration of the sensitive element and the material ussec

in the gauge base.

N=1 AN — 2 2
Temperature Range yp Material : g
—198C~=FE EER Ni-Cr&= IRZVIHEE CF
—196°C to Room Temp. Low temperature Ni-Cr alloy Epoxy resin CF series
_ —20~80C %28 CuNig2 IR*HEHE F
e —20C 080T Normal temperature Cu-Ni alioy Epoxy resin F series
—20~2007C FEER Cu-Nig£ FY A X FigEE QF
—20Ct0200C High temperature Cu-Ni alloy Polyimide resin QF series
—20~300C =ER Ni-Cr&= KU A I FiEEE ZF
—20C to 300°C High temperature Ni-Cr alloy Polyimide resin ZF series
E2~650TC BEE PtWE% — AWH
Room Temp. 10 650°C | Super-high temperature Pt-W alloy —_— AWH series

(5) ECEEHBT—Y

23 TIZIREARERH3. 5. 8. 11,
HIIEEL, BECERRET —VERBLTIVWET, 2X0%

EREZSIZILECERRRS -V EERLTGES L,

b

H. BENTHEBELTI. 17. BX10-5CADUVT&F—T
TR BIIINFhSF—INX-XEEFILTVET,

17, 23. 50, 70X 10-5CD

(5) Self-Temperature Compensated Strain Gauges

TML supplies self-temperature compensated strain gauges ic
use with materials with a coefficient of linear thermal expansio

of 3,5,8, 11,17, 23, 50 or 70X10-8/°C. Refer to the table ¢

physical properties at the end of this guide when you arn

selecting a self-iemperature compensated strain gauge.

The three most commonly found material coefficients of linez
thermal expansion are 11, 17 and 23X 10-6/'C, and TML sek
temperature compensated strain gauges for these propertia
are identified using gauge base (matrix) colors of red, brow

and green respectively.
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@ECEEH#EBI—JEBREN
Seli-Temperature Compensated Strain Gauge and Thermal Qutput
SCEEREET—VEEVELTH, BEDITEETI AR ST E BHEAHFKRELL LY. BMEFEBOEEFVEICE
HET,. (63BN S5FE2. HHAESE)
Even when a self-temperature compensated strain gauge is used, a sufiiciently large temperature change will produce thermal
output large enough to necessitate measurement correction. (See “2. Thermal Output® in Chapter [5] (P.63).)

QRHFLHENISS
For Special Material
IHRLOHAICE L - ECEERRy — UL 8ETLETT, HUHERIFEICTHEAFEE L,
TML can also manufacture custom self-temperature compensated strain gauges for a desired material. Contact your TML

S

representatives for details.

\

3.2 Selecting the Strain Gauge

Use the table below as a guide to selecting a strain gauge for

3.2 UFHTF—IDEIR
—~BHE VT RS- COBRELTORELLLCTVET,

Table 3.6 U &4 — U DBIREE
Strain Gauge Selection Criteria

ordinary strain measurement.

Test specimen material

Self-temperature

compensated sirain gauge

HIRE(E | BIREE BRAGE
Criterion ltem Selected Selection Method
EE | F=2y—x HBREETEET S — UL U—IEBRLET.
sting temperature Gauge series Select a gauge series capable of functioning at the testing temperature.
HREOHE SCEEREYy - HREOHRIIS - ECEEBRS—VHERLET.

Select the appropriate self-temperature compensated strain gauge for the specimen
material.

UTasusnE
Strain distribution, etc.

TF=UR&EF-THE
| Gauge length and width

VT & 3B MEEEPSHEE I E S —UTEEERLET,
Select the appropriate gauge size for the measurement purpose based on the strain
distribution and material, etc.

AEE®

Measurement purpose

F— TRk
Gauge patiern

E&E(#®), y02(28), OE vk (38), Ehs—3 BABROAXNS. UTa5
— VBB EUT S-S OBREERLET,

Select the strain gauge pattern and instaliation location based on whether a single-
element, 2-element rosetie, 3-slement rosette, stress concentration (S-element) or
stress analysis strain gauge is required.

EEmiEsE
Type of test

| BIEAX
!

Measurement method

BUT&. BUTAH. 15—T218%, 1 F—V3 @A EREMNREENISHEESRE
ROET,

Determine measuring method such as the static strain, dynamic strain, quarter-
bridge with two wire, or quarter-bridge with three wire system depending on -the
object being measured and the purpose.

Tokyo Sokki Kenkyujo
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ANOMTIY U
Digital Strainmeter

TML

1Y odel TC-31K

=Y RESEARCH EQUIPMENT CO.,LTD.
uIEnSAsy saddiud $1a

nontl Road, Tamben Banmai. Ampher Muang PATUMTHANI 12000 THAILAND
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TC-31K

s . -
- natx Power tiiailiatA3ae 117g Monitor Mode
- naUu 4/Disp Form %
- natx F1 tiadas Coefficient
- ¢ Coefficient etasms Hudatay 4 win
-~ na Shift iaadUAsENTIS + WAL -
- na ENT Wiatufindiiasaslumihsansswasaias wiana DEL tiasndBnmsaaen
msdesnnundanadoy (Decimal Point Setting) :
- 910 Monitor Mode
- nay 4/Disp Form
- nalu F2 adsinnundnnadoy
- nA@aY 0-6 Wamvuandnnaiioy
- N@ENT tﬁaﬁ'uﬁhmﬁefﬂ%’adwﬁmmwéwaqm‘%m w3ana DEL iiounidinmssedn
MsSauennIns¥a (Unit Setting) :
- 920 Monitor Mode
- n@uy 4/Disp Form
- natu F3 iansmisyaemsin
- NARY 00-35 MBMUUAINEYBIMTIA MuMTININES
- n@ ENT Wiatufindiiss Hasluntheanudwannaias ¥3ane DEL tasnidnmsaad
Nimper s ENumber S & Uit i
00 09
01 mm | 10 N 19 mA 28 Tor
02 cm 11 KN 20 A 29 space
03 m 12 MN 21 Q 30 Nm
04 % 13 Kg/mm 22 MQ 31 g8z
05 °F 14 KPa 23 Hz 32 KQ
06 Deg 15 MPz 2¢ | G 33 pis”
07 gf 18 Kgm 25 % 34 kg/cm
08 Kgf 17 mV 26 rpm 35 HPa
mm‘v'm'j Capacity uar Sens, :

N Monitor Mode
nm]u 4/Disp Form
4 &
naUn Shift (HBAAT Cap. AL Sens.
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Cap. € NAGILaY 6 naNIaAIM Cap.

. -~ A . 3 a~r - - ﬂ' ax. »
Point € NAAIEY 0-6 (WOMYUANUIUNANNATEN ¥3Dna F1/F2 LHBRA/ MUY
nannatigy
Unit € NAAIEY 00-35 (iafvuaniheaimsia wana F1/F2 wiaanyihouns
ma

o o 4 &,
Sens. € NAANGY 4 ¥ENLHDMNIA Sens.

o o oo o dEme ' . - - &
.9 ENT whatufindnastisdlunihgenudwauniss viana DEL (fasndnnsessn

o T |

10 Monitor Mode

~ = v o ' v =y
- nmf!u 0/Simp-Meas (WBEUNUTENIY Simple Measure Mode 1ar Mode NNSI0NADY

MVUAMIAN q doauas

20 ~ 26 Thermocouple 1.000 1 °c 0.1 %
40 RTD 1.000 4 °c 0.1 °C
30 Voltage 240 mV 1.000 3 mV 0.001 mV
32 Voltage 24 V 1.000 4 \ 0.0001 V
34 Voltage Auto 1.000 = . *
mstiufindaya :
- 21N Monitor Mode
- natly 2/M-WR fiahgmstiufindaya sxunngunuavgeradiayainiaaziins
Uuiin
- naty ENT Wiawdoundaufiasimatiufindaya
- naii ENT 8nass diamuuabivufindayasslumneasgayasdayaiunngag wiana
winsugarasdayainasmstuiin duduas 4 win wdine ENT wiamndasnsiios
Wasudvinemugauastaya Wnemnuegauasayaiidaams Muday 4 win ud
n@ Shift '
- natu ENT Sna% tadudumsiufindays
- natu DEL Wisvmssnidnmstufindays
- naty 2/M-WR Snafuiinnannn Mode mitufindoya
MINUIBHY

210 Monitor Mode

natla 1/M-RD tiiadhgmssiudoya ssUngmnuEugueayaiiMasiimssty
naUx ENT Wiaswayaningauatdayaiiunng

nata ENT Bnads tiaweuludedayagadaly

natllu ENT 3nads (flesudayannyaasdayafiunng
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- v ' & e -~ v '
naaemInu (Wuaay 4 an uanaUy ENT

o tiliwennydndayenngatayadrduiiiunhadugamefinsuinld Unng
12A7M “NO DATA” vumiag
MTSUUANEDDNMNNNUIIANININ
- 21N Monitor Mode
- nalu 2/M-WR Wahgmatufintaya
- nau ENT tﬁ'am‘s‘nuws’auﬁ’a:mmsﬁuﬁnﬁaga
- fvuavinswugayesayaldily “0000” udnatly ENT Fayaimienuaazgnaufia
winnimualiivfindayassfininuay “0000”
M3AMIFAUM TN
- 210 Monitor Mode
- netju 3/CHECK tfiaitg Mode msnmagaumavney
- natjy F1 tflaa3d@y Insulation wazn@ija DEL Wiadugamsasasay
w38 .
- nejy F2 (#lan$7950u Resistance uazn@u DEL tﬁaﬁvuaﬂmsmﬂaau
MIANIEYE :

01389 Timer :

N Monitor Mode
; 4
natjy SHIFT mauhgi Menu

- - a~ v
natju F1 isuhgmsinnsyvidaya
v

v & = - . .
18gnastiusas (fiaiion Field Adaemsimuad
J - J J
fgnasthe/am finidendfideems
N ety F1 s ldiaiaamannuumiiee

7 o d - . P
 MasmsRuinvald aanmeniasfinvina 1na F2 fiavnsfin

fdasmsundnmsAsy Iinads DEL

N Monitor Mode
L J .
naty SHIFT a1ng Menu
N F3 1#a1d1g Timer Mode
& 2 o
nALaY 0 HaawnRmluaia
) = 4
o 15y F1 uaz F2 fiaidau Cursor
vy e . o - v
o Tluanazlumsdmuaiui uaza fidsams
g o . = v o
¢ nayx ENT iavnmsuldgundasiuiuazom
' - - - v oo
¢ nayu DEL tasaidnmsudsuwdanuivaznm
o deasmsBu Help Winalu F3
4 2, 2
NOLWRY 1 (WA Interval Time

v hsig o -
e diu F1, F2, gnasBiu uazas tiaiadau Cursor

e lxfusnavlumsimuae Interval Time
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Start dn@tfas SHIFT Tuwaisdi Cursor agfidiumiis Repeat Field 2uifiumsuldoy
Timer Mode H1uuUY Real Time Start

o dinatlu SHIFT luueefl Cursor agfidumis Hour %30 Minute Field astdums
(Wasu Timer Mode TiTiuuuy Just Time Start

o navy ENT tefugemsmvund

U J = . ’
e n@yu DEL (tWasn@nmsiivuadl

-o  d@asnsau Help Ivinalx F3
- nawy 2 WABGUTY Timer
o lfiugnasifiand Slesp Mode 1Tlu YES w3a NO
° nmlu ENT Wiadudy Timer
o naty DEL (faunidn Timer Start Mode
-  NALRY 3 Lﬁaéuqm Timer

e nayu ENT Lﬂanqm Timer

» J -
e naiu DEL 1#asnidn Timer Stop Mode
Y
msAnviiaya :
= 9N Monitor Mode
I ) - v
- nalu SHIFT 2 A5 udna F1 tRauhg Mode msfinyitaya

v
g

Yoo e P o - L P
- TAudnsuisfimuavinaauyadayaidasmsGuauiu
- naUx ENT (faGufiu
- PN <
- natju DEL Wadaimsugamsinyviziam

& . .
MTFEANIFYNINIUYNTEUN
P
nua 5 du

Memory cascade function

i
1
2. Burn out check function
3. Internal reference compensation
4. Auto power off

5

Data out function

- 10 Monitor Mode
- nays SHIFT 2 A3 udnatln F3 taung Mode msadimahanuadszuy

- Tiugnastausas Tumsidau Cursor
- ldlugnasthesam lumsidan YES/No
- nau ENT (aimuadae
- natu DEL Hasnidnmsasen
1150961 Communication Parameter :
- 910 Monitor Mode
- navu SHIFT 2 A% udnatjy F2 (ia1thg Mode M3inuaA Communication

Parameter
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- lWYNgnATIE/U LUMSIaBN YES/No
U J . J '

- n@AN ENT fiafMuuasiean 1
) J - z U

- n@aYu DEL 1#aunianmsase
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DIGITAL pisrvrsiansoa

G31H A Handy Tool that Goes Anywher

STRAINMETER C"3.I H

TC-31KTYPE S238Cis an upgraded model accepting Flash memory
card. It succeeds the originality of former model such as fundamental
functions including splash proofing construction (IP-54 ) and easy
mounting connector. In addition to strain, dc voltage, thermocouple
and Pt-RTD measurements, it can be used as a digital multi-meter for
measurement of resistance and insulation resistance. Interval timer
with sleep function is also provided. Measurement data can be stored
using PC card (PCMCIA Type II, 8 - 128MByte) on the market.
Measured data can easily be processed and analyzed by application
software such as MS-Excel. Ten units of five-channel switching box
CSW-5A can be connected at maximum (for 50 channels) as same as
former model. Control and data transfer are also available by
connecting personal computer using exclusive connection cable.

N STRAINMETER

Design
Designed specifically for field measurement
9YCOMPACT AND LIGHTWEIGHT
Weighing only 850g, the unit fits perfectly in your hand
9YDURABLE
The moisture tight case protects the instrument with the 1P-34
proof class from incidental moisture encountered in the field.
and it is shock resistant as well. Connacior receptacles are
equipped with attached caps to keep moisture out
9 SUPERB PORTABILITY
Everything aboutits design and construction make it idzzl to transpuot
in the field. Lightweight, casy to grip and bartery powered.

Easy to Use

Convenience at your fingertips

B EASY TO READ DISPLAY

@ Liquid crystal display with backlight

The display screen shows not only the value measured, but auxiliary
information associated with programming of the instrument, like seasor
mode and scaling parameter to give you a constant visual reminder of
these important setting.
The backlightad display
means you can take
readings in the dark if

necessarny.

¥ Use of Flash memory card

A flash memory card (PCMCIA Type II ) whichis
acceptable by PC card drive equipped as astandard
specification for notebook computer can be used.
A card having capacity of 8 to 128MByic should
beused.

Note) SRAM card which is accepted by former
model of TC-31K cannot be used.

B QUICK MOUNT TERMINALS
These innovative connectors allow you to quickly and easily connect
--~nd disconnect different sensors - an essential feature for
\_ssasurement and checking in the field.

B FLEXIBLE POWER SUPPLY

9 LR6 batteries

Alkaline or rechargeable Ni-Cd batteries can power the TC-31K. The
unitcontinues to measure while youcharge the battery onan ACadaptor
{option). A built-in battery protects data from loss when you replace
the batteries. Rechargeable nickel-hydrogen battery on the marketcan

The input terminals oa the upperend featurce 2 finger-touch design (Patent
N0.3253202) that facilitates connecting leads; no screws or solder
needed. Leads with amow and banana plugs ¢an be inserted into the
terminals as well - 2 real time saver when more than one sensor necds

to be connected and read.
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also be used as power source. In this case. exclusive charger should be
used to recharge batteries.

€ Automatic power-off

Power is cut automatically after about 10 minutes of inactivity in ordes
to preserve the battery.



Anz time Flash memory card (PCMCIA TypeI) ucceEted

DIGITAL STRAINMETER

Functions

Superb functionality — In a league of its own

9 A wide range of measurable quantities
The TC-31K canread strain gauge and straingauge based ransducerinputs, DC
voitage, thermocouples and platinem resistance temperaure devices. Inaddition,
it can measure resistance, which is handy for trouble shooting strain gauge
installation The unit displayed with readings can be programmed. The outpat
from a device can be multiplied by 2 programmed constant before display in
order to transform it into the desired physical quantity.
@ Large capacity datamemory
Tl'tbuxk—mdmammymbeusedmamiaw of ways(seebelow)depending
ombc

1). Measwemem Using OnlytheTc-m K

DCVorspe Thermucougie FIRTD

'@~B> @@ @

Sessar made |
i v X it e | |t e S wxn
s ot [ [ (]
~ _—
a2 memary T ety Lo memcry | | O memary Tara memary
2000 & poc i X ma wsa 2000 &2
masegs rensngs reasiegs readiogs eadiogs

Thedata memory is partitioned into 20 blocks, 000 19, and eachblock canhave
itsown input parameters defined independenty. Thisallows youtoconnectand
switch betwoen sensors at up to 20 measuring points and to display and record
direct readings of physical quantities. Using the 20 data memory blocks as 2
continuous block, you can record up to 40,000 data readings. (In this case, you
can use only one coefficient, sensor mode and initial value).

2). Measurement Using the CSW-5A Switching Box

m.p = | oM =M

DDD

hrzﬁd‘a'm(m
O mamuaey Siocks loe chgernes
51515 canmet be e3aa.

o SF T s
CHR oMM OHe

G -Cin GH GiD GHM
_L- == S gnge
Cim Gis Gik Gig Cist =
3 S l (3 Tamsows
@ OC woltzge
5 @ Thermcenugie
3@ =em

The measurements canbe saved inthe comresponding data memory blocks. Each
blockiscapable of recording 2,000 data iterns. Twoor more CSW-5A switching
boxes are manually changeovered to switch for measurement, with a total of
2,000 measurement scans. The sensor mode, coefficient and initial value data
foruptoten CSW-5A switching boxes (50 points) canbe savedinthe TC-31Ks
memory and direct-reading measurements of physical quantities saved in the
dat2amemory. The saved data canthen be recorded directly onto a flash memory
czrd

¥ Data visualization and data transfer

Readings saved in the various memaory blocks can be accessed in four different
ways.

Forsmall data setsitmay be convenient to recall individual readings frommemosy
tothe screen display. Withafew k:)sunkcs.onccanm.asamplo(e-f&n
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ata versus time. A y card and printer {optiona) accessories) can be
connectediothe TC-31K. Finally, datacan be transferred viaan RS-232C cabie
(optional accessory) to 2 PC compatible microcomputer.

¢ Data storage using Flash memory card (PCMCIA Type I)
Dat2a measured end stored by TC- 3!kw1bcuzns:’crmdmapus<n.]axn;m.cr
ts:ngﬂzshngmvcad(PCMClAT\peH)uhchlsmsitk v
of personal computer’s OS. Flash memory card oa the market (8 - 128Mby1e)
canbeuszd.

Notz) SRAM card which is accepted by former model of TC-31K cannot be
used,

@Interval timer
Ywdm|hmtmbemm.mrmdd.avnngdtﬁ\tmpmmﬂmmm
conjunction with 2n auto-start function, the unit will activate, recoed 2 series of
readings according to the time sequence and then return to an
mactive state. An indicator light denotes that the instrument is in this “sleep
mods .

€ Computerinterface

The TC-31K can be connected to the serial port of your microcomputer for both
control of the unit and for downloading of data from the instrument's memory.
{Use the optional CR-5531 cable)

=
—.F el
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l = CRE 15m
Ta BS23C
== === o
Fl =8
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|' 23, J /12] [ o ——— -y
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l&a’."mm
sesiim e TU1NE enat mote
= hfer D RI-TI0 St ke et
S Sewcly B Pe e DO $-p comecr 32 e TT3MC

@ Automatic switching box CSW-5A

The single channel TC-31K can be upgradad to multi-channel if there
152 nzed to monitor more than one device without manually connecting
and disconnecting cach to the instrument prior to reading.

The 5 channel switching box allows zutomatic channel changing for
those channels. More than 5 channels can be accommodated by the
addition of up to 10 CSW-5A units, zlthough the instrumeat must be
maznuzlly connected tocach 5 channel unit before taking readings. The
CSW-5A-035isequipped with screw clip connactors forlead wires, and
7 pin connector plug receptacles are 2lso available as an option.

< External display unit EDU-11

This is 2n optional display unit used to moaitor the mezsured value indicatad on
TC-31K from a distant place. Data cable CR-4520 1s reguired for connecting
EDU-111t0TC-31K. Two or more units of EDU- 11 can be cascaded toone TC-
31K

Note) Physical unit is not displayed ca EDU-11.




DIGITAL STRAINMETER

Specifications
[Measurement Mode]
ltem 2 5 i DC Voltage Thermocouple PLRTD
Measurement- | Initial Initia! Direct Direst
Mode Direct Direct
: Measure Measure
o Yol Sy Bampr | 2240000 X 105 strainorless | 24V or less - -
Sampling Speed | Approx. 0.25 sec Approx. 0.25 sec Approx. 0.5 sec Approx. 0.25 sec
Notes ' IG3W (Quzrier beidpe 3-wire metiid): | Input impedance : Built-in RIC (extemal Applicable JIS C1604-1997
120, 240 or 3500 V240mV 300MQ or more | compensation also availablz) Pr100 Ry=100000
2G, 4G{Haif or Fell bridge method) - V24V IMQ Digital linearization RiaRe=1 385
12001010002 Coefficient sefting : Re : Resistance 2t 0C
Constant current full bridge: =(0.001~9.999 . 3
3500 =AY et R : Resistance at 100°C
Coefficient setting :
h £(0.001-9.599)

[Strain/DC Voltage Measurement Accuracy]

: Westementfange | Resoion | el o | TPy cottn Vadalon Tl Rge
Straln = 230000 X 107* strzin 1 X 107 strzin +0.08+1 0.0045 004
Full'bridge (4G) 240000 X 10 % strainl 2 X 107% surain =0.0842 0.0045 0.04
DC Voltage - =30mV 0.001mV +008+2 0.0045 0.04 =
V240mV range +240mV 0.002mV 0082 0.0045 0.04
DCVoltage 3V 0.lmV +0.05+2 0.0045 0.0¢
V24Vrange - 294V 02mV +0.08+2 0.0025 0.04
Allowzble input voltage V240mV range : 5V

V24V range : £35V

[Temperature Measurement Accuracy - Thermocouple and Pt-RTD]
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= =2 Range - Accuracy (%rdgsdig.) a1 23£3TC Resolution | Temperatare Coeffitient| Variation with Age
: e sl egien . Exizmnal RIC Internal RIC C *(%dg)/C = (%rdg) / year
K (CA) —200~—100C 0.1524+02 0.1524135 0.1 0.0086 0076
3 —100~+1370TC 0.034+0.1 0.034+038 03 0.0053 0.047
. (CC) —200~—100C 0.14 +02 0.18 415 0.1 0.0079 0.070
L Fi —100~+400C 0.095+0.1 0.095+09 0.1 0.0053 0.047 -
—200~—100C 0.183+0.1 0.143+13 0.1 00081 0072
o —100~+1200C 009 0. 009 +07 0.1 0.0051 0045
E (CRC) —200~—100C 0.13840.1 ! 0.138+1.4 0.1 0.0078 0.059
—100~+1000'C 0.092+0.1 { 00924038 0.1 0.0052 oo
S —10~+1760'C 0.086+04 | 0.086+1.1 02 0.0049 0043
+200~+400C 0.04 +10 i 004 +1.0 03 0.0023 0.020
B +400~+1760C 0.053+05 0.053+05 03 0.0030 0.026
R —10~+1760C 0084+02 0.0844+0.1 02 0.0047 0.0452
—200~—100C 0.161+03 0.161+1.7 02 0.0091 0.081
N —100~+1300C 0.092+0.1 0092408 04 0.0052 0.046
Pi-RTD —200~-+650C #{0.2% rdg+0.4 digit) 0.1
[Check Mode]
SEE s ~Insulation Resistznce | Resistance
Measering Range | 0~300M0 | 0~24x0
Accuracy +2%dg (0~10M0) | £O3%wdz+2dig)
+5%rdg (10~100M0) i
+20%dg (100~500M1) i
Resolution 0.1M0 | 0.10(0~2.2x0)
| 100Q2.4~243k0)
Szampling Speed | Approx. ! s=c | Approx. 0.25 sec
Notes Excitation voltage Approx. 2.9V | Excitation cument 1024




DIGITAL STRAINMETER

[Common specifications]

Number of channels 1 (TC-31K utself)
S (combined use with CSW-5A switchinz box)
Display 128X 64 dots with backlight LCD
Time
Settings Year, Moath, Day, Hoer, Mingte, Second
Tolerarnce E2sesinaday (23=370)
Intervai timer
Setings Measurement inzerval (upeo 99 hes. 39 mins. 59
s2<. In 1-sec. Increments) and measuremens
count specifiable
Operation Astomatic measerement based oa settings.

meztzrements 3nd times saved in memory
Also automatic shutdown (ON-OFF

switchable)

Data Memory
Capacity Max. 20000 data items -

Memory stant ENT key operation{mzaneal) or Inzerval timer

Auto power-off When the intemal batenies are being used, the

power supply is avtomatically off if no keys are
entered 2nd no signals are received through the -
RS-232 inserface for 10 minttes (ON-OFF
switchabls)

PC card drive Flash memory (PCMCIATYPE 0)
Functions Stering 2nd reading of intemal memory data
Capacity 8 ~128MByie®
Fie numbers 512
NOTE): SRAM cord which is cocepeed by former modsl of TC-31K conmot be wsed.

Enginesring units 35 kinds incloding » ¢ .mm, T, kN, MPs

RS-232C Interface Opecicoal cable CR-5531 shoeld be reqaired
Functions Receiving control signals and transmitting

measured datz
Baudrats 1200~9600

Vibration tolerance 29.4o5* (SOHz 0.6mmamp )

Shock survival 40ovs?

Drip-proof DIN [P-54 with connector cap tight

Operating temperature =10~+50C,85%RH or below

(No condensation)

Storage temperature —20—+60C

NOTE):

Operation is available in temperazure range of -20 to -10 C on the following
conditions.

@ Display becomes dim even though the contrast is odfuted.

@ Beszery pesforrance is exvremely lowered. AC power cdapeer should be ssed

Power supply

SAA-size alkaline Batteney(LRE) oo £ AA-
size Ni-Cd rechargeable batteries (KR-AA ). of
special AC adapter (CR-185)

Continuous cperation

Appeox. 10 hours eiing alkaline batteries for
Str2in measurement connected (0 3500 bridge
Appeox. 3 hours using Ni-Cd baneries for
strain meanurement connected o 3500 beidge

Dimensions

102W X 55H X 223D mm

Vieight

Approx. 850z

Accessories

Opentionmanesl ————————— 1
AA-size alkaline battery o ————— &
Stoulder strap ——- 1
Accessory box —— -—— 1

Sample Monitor Display

[Normal Mode]
Channel No.
Indicates Measure mode Date, Real time
| Spedﬁ;d coefficient / Specified sensor mode

¥—¥ »
£00[M] Y  08/20 12:00
=+1.000  S=16:4GAGE

+ 123 ,
A

[
Data monitored

[Multi Channel Mode]

Indicates channel being moaitored
Indicates Multi Channel mode

Date, Real time
i

£%5 08/20 12:00
= [M] 20+ 23.00cm
[M]21====aas kaf
[MIED st T
(M]23------- mV
[M]Ba e K
4

L
! Channel No. (D to 9)
Coanected switching box No.
Here, CSWW-3A No. 2 is connected.
(“0
box is connected.)
Indicates Mzasure mode

displayed when no switching
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SWITCHING BOX

The CSW-5Aisa 5 channelautomatic switching box
which allows multiple channelinputs. Each channel
can be programmed with it’s own scaling parameter,
sensor mode, etc. through the key pad of the TC-
31K. Up to 10 of these units can be used, giving a
total capability of 50 channels. In addition,
automatic measurement is possible using the
interval timer function of the TC-31K. The CSW-
5A-05 provides connector receptacles in addition
to the standard screw clips. These are handy for
use with strain gauge based transducers.

@ Switching boxes specially designed for the TC-31K

@ Can be used for strain gauge, strain gauge-type
transducer, DC voltage, thermocouple and platinum

CSW-5A CSW-5A-05 resistance-lemperalure device measurements

@Input connection by screw or soldering

@ Compact and light

@ CSW-5A-05 provides both terminals and simple,
one-push connectors

.Me%surementwnhs orless channels

2 SwitchingBox [e— &  © Digitat [ 4
S hene (S CSW-5A . Strainmeter [ ;
5 s - i TC-31K
?uain Gauge-Type ' T ] e /'
ransducer 3 e
7 ‘B © oo
{ 3: | DbC Voltage @ v i & O:DC’—A—/
"B © oD
Thermocouple ‘B 6 ce®)
: S s EEE)
! : o 0 o
| PtRTD
= @ @Up to 5 channels can be automatically measured using

the TC-31K interval timer.

Measurement with-up to 50 channels

L J—— S cowan Digital =4
7] PIEMLRLOR === : [ H Strainmeter [
. ! GoxNoo loomml TC-31K
Strain Gauge-Type ' el
Transducer H Noa [iEEB| i ——
Ll : No2 —— | TOo)
DC Voltage @ i : i D D B
: P H o0
i | GEe
| Thermocoupte @ i Boxted gl oD
£ i s B XD
- = :L _____________________ J: —_—
22 faf2 @ @|nitial values and coefficients can be programmed for up to 50 channels
3 : (10 CSW-5A switching boxes).

@Measurement is made every 5 channels by using CSW-5A.

69



%_
OPTION ACCESSORIES

OPTION

€ CR-185 AC Power Adapter forthe TC-31K € DPU-H245 Printer
Input: 220V AC Output: 7.5V DC, 480mA

Approval Ceniicats No-0357251
Design and manufacture of sirain
measuring equipment 2nd ransducers
No.2 and No.3 Production Divisions

Specifications subject to change without prior potice.

Tokyo Sokki Kenkyujo Ceo., Lid.

lml jp/e
8-2, Minami-Ohi 8-Chome, Shinagawa-Ku, Tokyo 14&8360 JAP
TEL: Tokyo 03-3763-5611 FAX: Tokyo 03-3763-5713 03152x
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Abstract

The fension ifter of cam chain obiains the both tensile and compressive force. Due to the flap of cam chain, both
analternating loadsare called the uctuaing oad. Afte some mileage, the fatigue occured n siral spring which afecs
10 the tension of cam chain reduction, abnormal noise, and engine damage occurred. Thi study isthe testing oftension ifte
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Furthermore, te teting gave the fatigue afects on compressiv resitance oftension lfer which i decreased proportion

to the distance.
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