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Wide range of applications and easy handling —
essential factors for choosing
Kyowa strain gages

Strain gages are designed to electrically detect “strain,” minute mechanical changes occurring in
response to applied force. They are used not only for machines and moving objects but also in
various fields including electrical equipment, civil engineering, building construction, chemicals
and medicine. Strain gages enable detection of imperceptible elongations or shrinkages
occurring in structures. Measurement of such elongations or shrinkages reveals the stress applied
to the structure. Stress is an important factor to confirm the strength and safety of structures.
Kyowa strain gages are available for measurement of varied types of strain, from static strain to
dynamic strain occurring at higher than 100 kHz and impact-initiated strain. Kyowa strain gages
also provide a wide range of applications and can conveniently be applied to structures of varied
materials and shapes.

In addition, strain gages are used as sensing elements for measuring load, pressure, acceleration,
displacement and torque. Thus, they are widely utilized not only in experiments and research but
also for industrial measurement and control. Over 70 years ago Kyowa produced the first strain
gages in Japan, and based on the abundant experience and technologies accumulated
throughout these years, the company now manufactures various kinds of high-performance
strain gages to cope with multiple application environments.

Fundamentals of Strain Gages

Metal changes its electrical resistance as it deforms.

Strain gages take advantage of this property.

Generally, when metal deforms due to external force, its specific electrical resistance changes.
The amount of electrical resistance is in inverse proportion to the cross-sectional area and is
proportional to the length. If a metal wire is pulled, the cross-section becomes smaller and the
length becomes longer, thereby making the resistance higher. If the wire is compressed, the
resistance becomes lower. Elongation or shrinkage proportionally changes the electrical
resistance of metal at a certain constant. By bonding the metal to the target structure, change
in the electrical resistance of the metal is measured, thereby enabling detection of elongation
or shrinkage, i.e. “strain” on the structure. The strain gage has fine wires or foil of such metal
fixed onto an insulator base of resin, etc.

Resistance changes of strain gages bonded to the target object are extracted
and amplified for stress measurement.

To obtain the internal stress of a structure, the external force-initiated minute elongation or
shrinkage (strain) on the surface of the target object is measured. The measured strain is
multiplied by Young's modulus to obtain the stress. For that purpose, the strain gage must
elongate or shrink in tandem with the measuring object under testing, and thus it should be
securely bonded using the dedicated adhesive. The resistance of a strain gage changes by
one-millionths. For precise measurement of such resistance change, a bridge circuit is formed
to convert the resistance change to voltage change. Usually, however, since the voltage is at a
uV level, it is amplified by 5000 to 10000 times to be readable on analog and digital indicators.

Electrically amplified voltage changes are read out on a measuring instrument.
Measured values are recorded and analyzed for multiple purposes.

The dedicated indicator enables direct reading of amplified voltages as strain quantity. Kyowa
strain amplifiers have their amplifier circuitry and digital indicator incorporated into one
package. It is difficult to read moving dynamic strain on indicators. Therefore, a recorder is
usually used to obtain ever-changing strain quantity. In addition to conventional chart recorders,
magnetic tape recorders and data loggers, Kyowa now has on the market a sensor interface
which enables a PC to directly receive data from strain gages via a bridge box, as well as a
memory recorder/analyzer equipped with high-speed A/D converter and large-capacity
memory for storage and analysis of dynamic strain data.
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B Strain Gage Model Name Coding System

M Model

(QResistance @Gage Pattern
®Applicable Linear Expansion Coefficient

@Gage Length

KFGS - 2 -120 - C1 -

@ Model

4

KFGS: General-purpose Foil Strain Gages
KFGT: Foil Strain Gages with a Temperature Sensor
KFR: Foil Strain Gages
KFWB: Waterproof Foil Strain Gages
KFWS: Small-sized Waterproof Foil Strain Gages
KCW: Weldable Waterproof Foil Strain Gages
KC: Wire Strain Gages
KM: Embedded Strain Gages
KMC: Concrete-embedded Strain Gages
KFRP: Foil Strain Gages for Composite Materials
KFRS Foil Strain Gages for Printed Boards
KFP: Foil Strain Gages for Plastics
KSPB: Semiconductor Strain Gages
KSN: Self-temperature-compensation Semiconductor Strain Gages
KSPH: High-output Semiconductor Strain Gages
KSPL: Ultra Linear Semiconductor Strain Gages
KHCX: Encapsulated Gages
KHCR: Encapsulated Gages
KHCV: Encapsulated Gages
KHCS: Encapsulated Gages
KHCM: Encapsulated Gages
KHC: Encapsulated Gages
KFU: High-temperature Foil Strain Gages
KH: High-temperature Foil Strain Gages
KFH: High-temperature Foil Strain Gages
KFL: Low-temperature Foil Strain Gages
KFEM: Ultrahigh-elongation Foil Strain Gages
KFEL: High-elongation Foil Strain Gages
KFN: Non-inductive Foil Strain Gages
KFS: Shielded Foil Strain Gages
KFV: Foil Strain Gage for Hydrogen Gas Environment
KFF: Foil Strain Gages for Bending Strain Measurement
KCH: Foil Strain Gages with a Protector
KMP: Embedded Gage
KV: Crack Gages

@ Gage Length |

:0.15 mm
:0.2 mm
:0.2mm
;0.3 mm
:0.5mm
:Tmm
1: 1 mm
1.5 mm
:2mm
2:2mm
3:3mm
4 mm
4 mm
5mm
6 mm
7 mm
9: 9 mm
10 mm
:20mm
130 mm
160 mm
70 mm
;80 mm
120 mm

*Suffix N indicates base
and grid widths are
narrow.

60: 60 Q
120: 120 Q
350:350 Q
500: 500 Q

1K: 1000 Q

2K: 2000 Q
10K: 10000 Q

@ Gage Pattern

: Uniaxial, leads at one end (KC gage)

: Uniaxial, leads at one end (Foil gage)

> Uniaxial 90°, leads at both ends

: Uniaxial 0°, leads at both ends

: Uniaxial, leads at one end (KFN gage)

: Uniaxial, 2-element, 1 mm thick (KFF gage)
: Uniaxial, 2-element, 2 mm thick (KFF gage)
> Uniaxial right 45°, for shearing strain, leads at one end
> Uniaxial left 45°, for shearing strain, leads at one end
: Uniaxial, leads at one end (For bolt axial tension)
: Biaxial 0/90°, leads at both ends

* Biaxial 0/90°, leads at both ends (For torque)
 Triaxial 0/45/90°, leads at both ends, plane arrangement
* Triaxial 0/120/240°, plane arrangement

: Quadraxial 0/30/90/150°, plane arrangement
. Uniaxial 5-element 90°

: Biaxial 0/90° stacked rosette, round base

- Triaxial 0/45/90° stacked rosette, round base
* Uniaxial 5-element 0°

: Biaxial 0/90° (KFN gage)

* Triaxial 0/45/90°, plane arrangement

: Triaxial 0/45/90°, plane arrangement
 Triaxial 0/90/135°, plane arrangement (For boring)
* Biaxial 0/90°, leads at one end (For torque)
: Biaxial 0/90°, plane arrangement

: Triaxial 0/45/90°, plane arrangement

: Biaxial 5-element 0/90°, stacked rosette

> Uniaxial, leads at both ends (Semiconductor gage)
* Uniaxial, leads at one end (Semiconductor gage)
 Uniaxial, leads at both ends with no base (Semiconductor gage)
: Uniaxial 2-element (Semiconductor gage)

: Biaxial 0/90° (Semiconductor gage)

: Uniaxial, leads at one end (KH-G4)

> Uniaxial active-dummy 2-element, Inconel (For KHC)
* Uniaxial active-dummy 2-element, SUS (For KHC)
. Uniaxial (For KCW)

* Uniaxial active-dummy 2-element (For KHCS)
* Uniaxial active-dummy 2-element (For KHCX)
* Uniaxial active-dummy 2-element (For KHCM)
> Uniaxial active-dummy 2-element (For KHCR)
. Uniaxial active 1-element (For KHCV)

. Uniaxial (For KM-30)

. Uniaxial (For KM-120)

. Uniaxial (For KMCQ)

* Uniaxial with T thermocouple (For KMC)

Uniaxial (For KFS)

To select the most suitable strain gages and related products, refer to page 18 and onward.



Kyowa can customize strain gages

according to measuring purposes.

@Length of Lead-wire Cable
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Lead-wire Cable
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Lead-wire Cable

11 L 1M 3 R

® Applicable Linear ® Type @® Wiring System @ Color Code
Expansion Coefficient
(x107%/°C)

Composite materials such as CFRP

C: Ml cable (for KHC,

C: Centimeter

2: 2-wire system

Color codes for lead-wire

Amber (1.1) KHCX, KHCR, e.9.30C=30cm 3: 3-wire system cables are available only for
Diamond (1.2) KHCS, KHCM and M: Meter Inthe case of vinyl-coated flat cables.
KHCV gages) eg.3M=3m encapsulated gage 2-wire system

3: Composite materials such as GFRP

Molybdenum (5.2)
Zirconium (5.4)
Kovar (5.9)

6: Composite materials such as GFRP

28 Tantalum (6.6)

9: Composite materials such as CFRP, GFRP

Titanium alloy (8.5)
Platinum (8.9)
Soda-lime glass (9.2)

1: Common steel (11.7)
SUS631 (10.3)

Nickel (13.3)
Printed circuit board (13.0)

6: Stainless steel SUS304 (16.2)
Beryllium steel (16.7)
Copper (16.7)

23:2014-T4 aluminum (23.4)

Brass (21.0)
Tin (23.0)
2024-T4 aluminum (23.2)

D: Glass-coated cable

to L-3 lead-wire cable)
G: Chloroprene-coated
3-wire cable
H: High/low temp.
3-wire cable (equiv.
to L-17 lead-wire cable)
:Vinyl-coated normal
temp. low-noise
3-wire cable (equiv.
to L-13 lead-wire cable)
:Vinyl-coated flat 2 or
3-wire cable (L-6, L-7,
L-9 or L-10)
N: Polyester-coated

—

—

Y: Vinyl-coated flat
2-wire cable
(for KM-30)

Number: Length of soft cable

(Vinyl-coated flat cables)

Silicon (2.3) of 3 Ni-clad copper V: With bridge adapter R: Red
Sulfur (2.7) wires F: With compression fitting W:White*
. . ) F: Fluoroplastic-coated FV: With both bridge adapter B: Black*
> %S?gﬁzf (rzast;erlals such as GFRP high/low temp. and compression fitting G: Green*
Lumber [Wood] (5.0) 3-wire cable (equiv. Y: Yellow*

*Custom-made
S: Multi-axial gages
(Standard)
* Biaxial (D16)
0° (1st axis): Red
90° (2nd axis): White
e Triaxial (D17)
0° (1st axis): Red
45° (3rd axis): Green
90° (2nd axis): White
3-wire system
(Vinyl-coated flat cables)
The insulator color is

SUS630 (10.6) copper wires white and the stripe
ﬁ?cslfellr—?nnof;t?c.ise)num steel (11.3) R:Mid-temp. 2 or 3-wire g?lg;(cjode isas follows.
Beryllium (11.5) - cable (L-11 or L-12) L: Blue*
Inconel X (12.1) W: Vinyl-coated flat B" Black*
3-wire cable G-' G?ecen*
13: Corrosion and heat-resistant alloys such as NCF (for KM-120) Y: Yellow*

*Custom-made
S:Multi-axial gages

(Standard)
e Biaxial (D16)

0° (1st axis): Red

90° (2nd axis): Yellow
e Triaxial (D17)

0° (1st axis): Red

45° (3rd axis): Blue

27: Magnesium alloy (27.0) 90° (2nd axis): Yellow

Composite material. GFRP (35.0)

65: Acrylic resin (65.0)
Polycarbonate (66.6)

Note: Combination of codes is limited and menu options cannot freely be selected.




BPrinciples of Strain Gages

Strain, Stress, and Poisson's Ratio

When tensile force P is applied to a material, it has stress o that
corresponds to the applied force. In proportion to the stress, the cross
section contracts and the length elongates by 4L from the length L
the material had before receiving the tensile force. (See the upper
illustration in Fig. 1.)
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The ratio of the elongation to the original length is called a
tensile strain and is expressed as follows:

€=ATL &:Strain

L: Original length
AL: Elongation

See the lower illustration in Fig. 1. If the material receives
compressive force, it bears compressive strain expressed as
follows:

For example, if a tensile force makes a 100 mm long material
elongate by 0.01 mm, the strain initiated in the material is as
follows:

_4L _ 001
€= L 100

=0.0001=100 um/m

Thus, strain is an absolute number and is expressed with a
numeric value with x10 strain, M€ or um/m suffixed.
Based on Hooke's law, the relation between stress and the
strain initiated in a material by the applied force is expressed
as follows:
o=t¢ O: Stress
E :Young's modulus
€ :Strain

Stress is thus obtained by multiplying strain by the Young's
modulus. When a material receives tensile force P, it elongates
in the axial direction while contracting in the transverse
direction. Elongation in the axial direction is called longitudinal
strain and contraction in the transverse direction, transverse strain.
The absolute value of the ratio between the longitudinal strain
and transverse strain is called Poisson's ratio, which is
expressed as follows:

E2
&1

v:‘

V : Poisson's ratio

(s

€1: Longitudinal strain or — (See Fig. 1)

AL
AD ALD
E2: Transverse strain _4av 40 ;
2 D ° (See Fig. 1)

Poisson's ratio differs depending on the material.
For major industrial materials and their mechanical properties
including Poisson's ratio, see the following table.

@®WNechanical Properties of Industrial Materials

=30
Young's Shearing Tensile Poisson's
Material Modulus Modulus Strength Ratio
E (GPa) G (GPa) (MPa) v
Carbon steel (C0.1 to 0.25%) 205 78 363to441 | 0.28t00.3
Carbon steel (C> 0.25%) 206 79 47110569 | 0.28t00.3
Spring steel (Quenched) 2060 211 79t081 | 588t0 1667 | 0.281t00.3
Nickel steel 205 78 549t0 657 | 0.28t00.3
Castiron 98 40 118t0235 | 0.2t00.29
Brass (Casting) 78 29 147 0.34
Phosphor bronze 118 43 431 0.38
Aluminum 73 27 186 to 500 0.34
Concrete 20t0 29 9to 13 - =02

Principles of Strain Gages

If external tensile force or compressive force increases or
decreases, the resistance proportionally increases or decreases.
Suppose that original resistance R changes by 4R because of
strain €: the following equation is set up.

AR _ . AL
R — KL
Where, Ks is a gage factor, expressing the sensitivity coefficient of
strain gages. General-purpose strain gages use copper-nickel or
nickel-chrome alloy for the resistive elements, and the gage

factor provided by these alloys is approximately 2.

Types of Strain Gages

Types of strain gages are classified into foil strain gages, wire
strain gages, and semiconductor strain gages, etc.

Structure of a Strain Gage

A strain gage has a grid-shaped metallic foil photo-etched
onto the base material (thin resin or similar electric insulator),
to which gage leads are attached, as shown in Fig. 2 below.

=Ks-¢&

Fig.2 Example of KFGS gage
9 ) Base length
Grid length Resin cover
- (Gage length) Resin base
E g
2 2
e ] —
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Center marks

Resin base Metallic foil  Resin cover Lead-free solder

=

Bonded surface Gage leads (Silver-covered copper wires,

$0.12to ¢ 0.16 mm and 25 mm long)

The strain gage is bonded to the measuring object with a
dedicated adhesive. Strain occurring on the measuring site is
transferred to the strain sensing element via adhesive and the
resin base. For accurate measurement, the strain gage and
adhesive should be compatible with the measuring material
and operating conditions such as temperature, etc. Refer to
page 13, "Typical Strain Gage Bonding Method and
Dampproofing Treatment," for details on bonding strain gages
to metallic objects.



Principles of Strain Measurement

Strain-initiated resistance change is extremely small. Thus, for
strain measurement a Wheatstone bridge is formed to convert
the resistance change to a voltage change. Suppose in Fig. 3
resistances (Q) are R1, Rz, Rs and R4 and the excitation voltage
(V) is E. Then, the output voltage €. (V) is obtained by the
following equation:

om RR=RR:
(RW+R2) (R3+R4)

Suppose the resistance R is a strain gage and it changes by 4R
due to strain. Then, the output voltage is,

Eo= (Ri+4R) Rs—R:Ra .
7 (Ri+4R+R:) (Rs+Ra4)

E

If R =R, =Rs=Rs=Rin the initial condition,

o= RZ+RAR-R’
°= (2R+4R) 2R

Since R may be regarded extremely larger than 4R,

- 1. 4R 1,
€o= ) R E= 4 Ks- € -E
Thus obtained is an output voltage that is proportional to a
change in resistance, i.e. a change in strain. This microscopic
output voltage is amplified for analog recording or digital
indication for strain measurement.

- E

O
Strain gage

Fig.3

Output voltage eq

O
Strain gage
R4
O

Excitation voltage E

Strain Gage Wiring System

A strain gage Wheatstone bridge is configured with a quarter,
half, or full bridge according to the measuring purpose. The
typical wiring systems are shown in Figs. 4, 5 and 6. For various
strain gage bridge systems, see pages 14 and 15.

@®Quarter-bridge system (1-gage system)

With the quarter-bridge system, a strain gage is connected to
one leg of the bridge and a fixed resistor is connected to each
of the other 3 legs. This system will be easily configured, and
thus it is widely used for general stress or strain measurement.
The quarter-bridge 2-wire system shown in Fig. 4-1 is largely
affected by leads. Therefore, if a big temperature change is
expected or if the lead-wire length is long, then the
quarter-bridge 3-wire system shown in Fig. 4-2 must be used.
For the quarter-bridge 3-wire system, See "Compensation
Methods of Temperature Effect of Lead Wires" (Page 10).

@Half-bridge system (2-gage system)

With the half-bridge system, 2 strain gages are connected to
the bridge, one each to adjacent or opposite legs with fixed
resistors inserted in the other legs. See Figs. 5-1 and 5-2. There
is the active-dummy system, where one strain gage serves as
a dummy gage for temperature compensation, and the
active-active system, where both gages serve as active gages.
The half-bridge system is used to eliminate strain components
other than the target strain; according to the measuring
purpose, 2 gages are connected to the bridge in different ways.
For details, see "How to Form Strain-gage Bridge Circuits"(Pages
14 and 15).
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(Active strain gage)

(Active strain gage)

@Full-bridge system (4-gage system)

See Fig. 6. The full-bridge system has 4 strain gages connected
one each to all 4 legs of the bridge. This circuit ensures large
output of strain-gage transducers, improves temperature
compensation and eliminates strain components other than
the target strain. For details, see "How to Form Strain-gage
Bridge Circuits" (Pages 14 and 15).



Fig.6

@Typical Measurements with Strain Gages

Bending Stress Measurement

(1) Quarter-bridge System

See the figure below. If a strain gage is bonded on the surface
of a rectangular section of a cantilever of which one side end is
fixed and load W is applied to another side, the surface stress
o which the bonded strain gage will detect is as follows:

O=¢&-E
Strain Eo is obtained by the following equation:
_ 6WL
€= "Ebh?

where, b: Width of the cantilever
h: Thickness of the cantilever
L: Distance from the load point to the center of strain gage

Z L

N . Strain gage

— 5 |-

v
W

Bending Stress Measurement (with Quarter-bridge System)

(2) Half-bridge System (Adjacent-leg Bridge Connection)

As illustrated below, strain gages bonded symmetrically on the
front and rear surfaces of the cantilever output positive and
negative signals, respectively, with an equal absolute value. If
these 2 gages are connected to adjacent legs of the bridge,
the output of the bridge corresponding to the bending strain
is doubled and the surface stress O at the strain-gage bonding
site is obtained by the following equation:

= €o.
o=-5"E

The adjacent-leg active half-bridge system cancels out the output
of the strain gage corresponding to the force applied in the axial
direction of the cantilever.

L

/ - >
\__“/ Strain gage

| —
|
T

- \Strain gage

v
W

Bending Stress Measurement (with Half-bridge System)

Equation of Strain on Beams

Strain €o on the beam is obtained by the following equation:

__M
Eo= 7E

where, M:Bending moment (See Table 1)
Z: Section modulus (See Table 2)
E: Young's modulus (See table "Mechanical
Properties of Industrial Materials," on page 6)

Typical shapes of beams, their bending moments M and section
modulus Z are shown in Tables 1 and 2.

Table 1. Typical Equations to Calculate Bending Moment
Shape of Beam

Bending Moment M

W
% v
M=WL
é
Y _We/1 L
a3 3 0sLs 4 —m=(4-7)
] L=0 =% -m=+'
Y _Wg/L_3
7 fsis0 —m=B(5-7)
2w 2 osls £ —~m=—WL
A _2 __We
L= M=-1%
Ly ] L<ise HM=—W(§‘L)
w o w
yar gl OsL=¢1 M=WL
T ! 21=sL=(L1+42) — M=W£1

Table 2. Typical Equations to Calculate Section Modulus

Cross Section Section Modulus Z

A
B I = 1
| ?bh2
Bl
A
£} ft= 1. b (ha-hi?)
4 6 hZ
L2
T 3
32d
d
= T A d24—d14
—] 32 d2
da2




Torsional and Shearing Stress Measurement of Axis

When an object is twisted, shearing stress T occurs. At the same
time, tensile stress and compressive stress, which are equivalent to
the shearing stress, occur in 2 directions inclined by 45° from the
axial line.

In measurement of axial twist under simple shearing stress
condition, a strain gage does not directly measure the shearing
stress. Instead, a strain gage detects tensile or compressive strain
resulting from tensile or compressive stress simultaneously
generated with the shearing stress.

These stress conditions on a surface of axis are illustrated below.

Tensile stress O
T

e

Shearing stress T T

Compressive stress O

lr

N

~
v

) /T\\

Shearing stress 1" is defined as illustrated below, and the
magnitude is calculated by the following equation:

_ T
r=-=

where, G: Shearing modulus (See table "Mechanical Properties
of Industrial Materials," on page 6)
T : Shearing stress

When the axis is twisted, point A moves to point B, thereby
initiating torsional angle 6.

_ ¢r  2er
9="4\= 4

d
(2)
(1) Stress Measurement with Quarter-bridge System
Bond the strain gage on the twisted axis in the direction
inclined by 45° from the axial line. The relations between strain

Eoand stress O are expressed with the following equation to
calculate tensile or compressive stress O:

Eo-E
1+v

o=

where, Eo: Indicated strain
E: Young's modulus (See table "Mechanical Properties
of Industrial Materials," on page 6)
V: Poisson's ratio
Stress O and shearing stress T are equal in magnitude,
and thus,
T=0

BPrinciples of Strain Gages

(2) Stress Measurement with Half-bridge or Full-bridge System
Half-bridge or full-bridge systems increase strain output by 2
(half-bridge system) or 4 times (full-bridge system), because
each strain gage in the half-bridge or full-bridge system detects
equal strain. To calculate real strain, divide measured strain by
2 (half-bridge system) or 4 (full-bridge system).

(3) Application to Torque Measurement

Strain on the surface of the axis is proportional to the torque
applied to the axis. Thus, the torque is obtained by detecting
the strain on the surface.

Shearing stress distributed on the lateral section is balanced
with the applied torque T, establishing the following equation:

T=T-7p
where, Zp: Polar modulus of section

Converting shearing stress in the above equation to tensile
strain produces an equation as follows:

EoE-Zp
1+v

The polar modulus of the section is specific to each shape
of the cross-section as follows:

T=

Cross Section Polar Modulus of Section Zp
md?
1
<. &y
a /d=di*
16 ( d2 )

A strain gage torque transducer is designed using the above
relational expression of €Eoand T.

Obtain Eo from the allowable stress for the material, and
determine the width d of the axis which is matched with the
magnitude of the applied torque. Then, amplify the strain
output with a strain amplifier and read the output voltage
with a measuring instrument.

Principles of Strain Gages




@Principles of Self-temperature-compensation Gages
(SELCOM Gages)

The measuring object and the resistive element of the strain
gage have linear expansion coeffcients 8s and By, respectively.
The strain gage bonded on the surface of the object provides a
thermally-induced apparent strain Er per °C that is expressed

with the following equation:

Er=-Z +(Bs-Ba

Resistive element (Bg)

where,
« : Resistive temperature coeffcient
of resistive element
Ks: Gage factor of strain gage

Measuring object (Bs)

Self-temperature-compensation strain gages are designed to
adjust the resistive temperature coeffcient of their resistive
elements to match the linear expansion coefficient of the
measuring objects in order to get €7 close to zero.

When bonded to a suitable material, Kyowa's self-temperature-
compensation gage (SELCOM gage) minimizes apparent strain
in the compensated temperature range to +1.8 pm/m per °C.
(Graph below shows apparent strain output of 3-wire strain gages.)

150~
140

120+
100

20k Temperature (°C)

-100
-120+

-140+
-150-

Thermally-induced apparent strain output (um/m per °C)

Typical Temperature Characteristics of
Self-temperature-compensation Foil Gage

®Linear Expansion Coefficients of Materials (;-/oc)

Material Linear Exp. Coef. Material Linear Exp. Coef.
Quartz glass 0.4 Beryllium 11.5
Amber 1.1 Common steel 11.7
Brick 3.0to 5.0 Inconel X 12.1
Tungsten 4.5 Nickel 13.3
Lumber (grain dir.) 5.0 Gold 14.0
Molybdenum 5.2 SUS 304 16.2
Zirconium 5.4 Beryllium copper 16.7
Kovar 59 Copper 16.7
Concrete 6.8t0 12.7 Brass 21.0
Titanium alloy 8.5 A2024-T4 23.2
Platinum 8.9 A2014-T14 23.4
Soda-lime glass 9.2 Magnesium alloy 27.0
SUS 631 10.3 Lead 29.0
SUS 630 10.6 Acrylic resin ~651to 100
Cast iron 10.8 Polycarbonate 66.6
NiCrMo steel 11.3 Rubber ~77
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@Temperature Effect on Lead Wires with 2-wire System

Lead Wire Cross-section | Reciprocating Resistance | Apparent Strain*
Model Area of Conductor| of 1 mlonglead wire | with 1 m Extension
(mm?) @ (um/m per °C)
L-5 0.5 ~0.07 ~1.13
L-9 0.11 ~0.32 ~5.06
L-6 0.08 ~0.44 ~6.90
N (Polyester-coated copper cable) 0.015 ~2.24 ~35.7
*120 Q gage

Thermally-induced apparent strain Er (um/m per °C) is
calculated by the following equation.

re a
Er=Rg+rg Ks
where, Rg: Resistance of strain gage (Q)
ré: Resistance of lead wires (Q)
Ks: Preset gage factor of strain amplifier, usually 2.00
« : Resistive temperature coefficient of copper wire
(4R/R per °C), 3.9 x1073/°C

Rg Tre

1

@Compensation Methods of Temperature Effect
of Lead Wires (3-wire System)

For effective self-temperature-compensation, SELCOM gages
adopt the quarter-bridge system. However, if the lead wire
cable is the 2-wire system, strain output from the bridge is
affected by the temperature effect of the lead wire.

To avoid such adverse effect, the 3-wire system is adopted.

If 3 lead wires are connected to a strain gage as shown below,
a half lead wire resistance is applied to the adjacent side of a
bridge to compensate for the temperature effect of lead wires
in bridge output. The temperature effect of the lead wires
connected to a measuring instrument outside of the bridge is
ignored because the input impedance of the measuring
instrument is high.

As a precaution when using the 3-wire system, the 3 lead wires
should be the same type, length, and cross-section to equalize
temperature effects of each lead wire. If lead wires are directly
exposed to sunlight, the coating color should also be the same.
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@Influence of Insulation Resistance

Insulation resistances of strain gages including lead wires do not
affect measured values if they are higher than 100 MQ.
However, if they change drastically during measurement, errors
may occur in measured values.

-1
Insulation resistance

Strain gage
Rg

Output

Bridge Circuit Designed with Insulation Resistance

If the isolation resistance descends from I to I'2 in the figure
above, error strain € is:

. Rg(r-rm

€= Ksrir

For example,
Rg =120 Q (Resistance of strain gage)
Ks = 2.00 (Gage factor of strain gage)
r=1000 MQ (Original insulation resistance)

r>=10 MQ (Changed insulation resistance)

Then, the error strain is approximately -6 pm/m.

Such error is no matter in general strain measurement.

In practice, however, if insulation resistance is lowered,

I> will no longer be constant and will change drastically due to
environmental changes such as temperature and humidity.

In addition, it will be impossible to specify where insulation
resistance, r, is being added to the circuit. Thus, be careful about
the influence of insulation resistance.

@Resistance Change of Strain Gages Bonded to
Curved Surfaces
The strain Ec occurring on the resistive element of a strain

gage bonded to a curved surface may be expressed by the
following equation:

t

€=t

where, t: Thickness of gage base plus adhesive layer
r: Radius of gage-bonded surface
For example, if a uniaxial KFGS gage, of which the gage
base including the adhesive layeris 0.015 mm thick, is
bonded to a curved surface of 1.5r, the strain gage
already receives strain of approximately 5000 pm/m.
If the gage factor Ks is 2.00,

AR/R = 10000 pm/m
since AR/R=E&Ks.
If the gage resistance is 120 Q, it increases by approximately

1.2 Q. If the gage is bonded inside the curve, the resistance
decreases.

Resistive element

T
l/%lllllllllllll/"lll
D
i II[,I/";,

Strain Gage Bonded on the Curved Surface

@ Compensation Methods of Different Gage Factors

If the gage factor of the strain gage (2.00) is different from that
of the strain amplifier, the real strain € is obtained by the
following equation:

Principles of Strain Gages

_ 2.00
E= Ks x E0

where, £0: Measured strain
Ks : Gage factor of strain gage

@®Misalignment Effect of Bonding Strain Gages

Strain €0 misaligned by angle 6 from the direction of the
principal strain €1 is calculated by the following equation:

€o=3((E:+E)+(E1-€2) c0s26)

If €E2=-=V & (V:Poisson's ratio) under the uniaxial stress
condition,

80=%€1{ (1-V) + (1+V)cos26}

\

' Eo
6
&1
Strain direction
\
&2

@Compensation Methods of Effect on
Lead Wire Extension

If the lead wire or cable is extended with the quarter-bridge
or half-bridge system, additional resistance is initiated in series
to the strain gage, thereby decreasing the apparent gage
factor. For example, if a 10 m long lead wire with 0.3 mm?
conductors is used, the gage factor decreases by 1%. In the
case of the full-bridge system (transducer), the extension
decreases the excitation voltage too. In these cases, the real
strain € is obtained by the following equation (Supposing the
gage factor Ks is 2.00):

re
€=(1+R79)X8i

where, €i: Measured strain
Rg: Resistance of strain gage
ré: Total resistance of lead wires (For reciprocating
resistance, see the table on the following page.)
One-way resistance in the case of 3-wire system

1



Lead wire resistance values

; Reciprocating
Cross Section | Number of Strands/ A
(mm?) Wire Diam. (mm) Resnstan?g)per T0m | Remarks
0.08 7/¢0.12 4.4 L-6
0.11 10/$0.12 3.2 L-9
0.3 12/$0.18 1.2 L-2
0.5 20/¢0.18 0.7 L-5

@Compensation Methods of Nonlinearity Error
of Quarter-bridge System

An error of nonlinearity in high-elongation strain measurement
with quarter-bridge system is found by calculating real strain
€ in the following equation:
__&o
€= 1-Eo
where, Eo: Measured strain

Example: If €0=2000 pm/m,
2000x10-°
1-2000x10-°

~0.002
~ 1-0.002
= 2004 pm/m

@Methods of Obtaining Magnitude and
Direction of Principal Stress (Rosette Analysis)

Generally, if the direction of principal stress is uncertain in
structure stress measurement, a triaxial rosette gage is used and
measured strain values are calculated in the following equation
to find the direction of the principal stress. (The following
equation is only for specified angle triaxial rosette gages.)

E =

Precautions in Analysis

(1) Regard €a — Eb — Ecas the forward direction.

(2) Angle 6 is:
Angle of the maximum strain to the €a axis when €a> Ec.
Angle of the minimum strain to the €a axis when €a< Ec.
Comparison between £a and Ecin magnitude includes plus
and minus signs.

Ec
Eb

90°

45° E/max or Emin

B ¢

Ea

\

\ Emin or Emax
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Max. principal strain  Emax = {€a+€c+\/2 {(€a—€b) >+ (Eb-EC) 2]}

1
2
Min. principal strain =~ Emin = %

{€a+£c— /2 {(Ea—Eb) 2+ (Eb—EC) 2]}

Direction of principal g =1 tan-' {MJ
strain (from Ea axis) 2 Ea—Ec

Max. shearing strain ¥ max= /5 {(€a—€b) 2+ (Eb—Ec) 2}

Max. principal stress O max= {(1 +V) (Ea+E)+(1-V)

E
29
x /2 [(€a=En)*+ Ev-£I7 |

Min. principal stress G min= {(1 +V) (Ea+E) - (1-V)

_E
2(1-17)
x /2 {(Ea—Eb) 2+ (Eb—EC) 2}}

Max. shearing stress  Tmax= ﬁ %/2 [(Ea—Eb) *+ (Eb-E0)2)

V: Poisson’s ratio
E: Young's modulus
(See table "Mechanical Properties of Industrial Materials,” on page 6.)

@Generating Calibration Values based on the
Tip Parallel Resistance Method

When extending lead wires by several hundred meters or finding
accurate calibration values, the tip parallel resistance method is
adopted. The parallel resistance Rc is calculated by the following
equation:

__Rg _
RC_Ks-s R9

where, Rg: Resistance of strain gage
Ks: Gage factor of strain gage
E: Calibration strain value

Rg

== =
— L

Examples of Calibration Strain Value and Resistance
(Rg =120 Q, Ks =2.00)

Calibration Strain Value € Resistance Rc
100 um/m ~ 600kQ
200 pum/m ~ 300kQ
500 pm/m ~ 120kQ
1000 pm/m ~60kQ
2000 pm/m ~30kQ
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Typical Strain Gage Bonding Method and Dampproofing Treatment

The strain gage bonding method differs depending on the type of adhesive applied. The description below applies to a case
where the lead-wire-equipped KFGS gage is bonded to a mild steel test piece with a typical cyanoacrylate adhesive, CC-33A.

The dampproofing treatment shows a scenario using a butyl rubber coating agent.

\

Using sandpaper (#320
grade or similar), polish
the bonding site with
circular motions across

a considerably wider area
than the strain gage size.

(If the measuring object
is a practical structure,
wipe off paint, rust and
plating with a grinder or
sand blast. Then, polish
with sandpaper.)

Using an absorbent
cotton, gauze or SILBON

(® ™\

s

When the adhesive is
cured, remove the
polyethylene sheet and
check the bonding
condition. Ideally, the
adhesive should be
protruding slightly from
around the strain gage.

If the adhesive is
protruding excessively

paper dipped in a highly from around the gage
volatile solvent that base, remove the
dissolves oils and fats such protruding adhesive with

as acetone, strongly

wipe the bonding site in
asingle direction to
remove oils and fats.
Reciprocated wiping does
not clean the surface.
After cleaning, mark the
strain gage bonding
position.

not lift it up to adjust the
position.

a cutter or sandpaper.
Place the gage leadsin a
slightly slackened
condition.

(’3) \ Make sure of the front 57 N Lift up the lead wire
) (metal foil part) and the to the point where
rear of the strain gage. the adhesive is applied.
Apply a drop of adhesive Place a block of the
to the rear face and coating agent below
immediately put the strain the lead wire with the
gage on the bonding site. gage leads slightly loose.
(Do not spread the
adhesive over the rear
BN face, as doing so may
cause the adhesive to cure
too quickly to adhere to
\ _/ the bonding site.) - J
(@ 7\ Cover the strain gage with (® 7\ Completely cover the
) the accessory ) strain gage, protruding
P polyethylene sheet and adhesive and part of the
strongly press the strain lead wires with another
4 gage over the sheet with block of the coating
J_J/ athumb for agent. Without tearing the
| approximately 1 minute block into small pieces,
— — ( ) tr (Do not remove your slightly flatten it with a
! thumb partway through). finger to fully cover the
Perform steps 3 and 4 strain gage and part of the
Y4 E quickly, or the adhesive lead wires. Completely
will cure prematurely. hide protrusions including
Once the strain gage is put gage leads behind the
- _/ onthe bonding site, do - / coating agent.

13
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How to Form

rain-gage Bridge C

Bridge Box

No. Names Sample Application Circuits Output Remarks
pie App P DB-120A,350A
=Lk € i
o=7 Ks*Co Suitable for Rg
. environments
Active Ks: Gagg factor with little
1| auarter-bridge Ea: Strain ambient
2-wire system E: Excitation voltage temperlature
Uniondal €o: Output voltage ;gatzgr:berature
niaxial stress . B
(Uniform tension/compression) Rg: G_age res!stance compensation.
R: Fixed resistance | x1 output
Number of gages: 1
_E .
Eo= 7 Ks* Eo Rg
Acti Ks: Gage factor No temperature
ctive E,: Strain compensation;
2 quar:ter-brldge E: Excitation voltage tl;elrmil effect (U]
3-wire system — €0: Outputvoltage | © ea“ \Aélres
Uniaxial stress RG:G ist. cancelled.
(Uniform tension/compression) 9. Gageresistance | x 1 output
R: Fixed resistance
Number of gages: 1
eo=fKs-€ R
Active °=7 s .o 91 Rg:
quarter-bridge 291 ------ Strain: €1 Notemperatire
. Deeienn ..
(Dual series gages) 9 p Sté[a'”- £ compensation; A
3 2-wire system &:% bending strain
(For canceling cancelled. o
bending strain) R:Fixed resistance | X 1 output

Number of gages: 2

N Uniaxial stress
(Uniform tension/compression)

R=Rg1+Rg2

e.g. Rg1 & Rg2 are 60-ohm gages, if using a DB-120A.

60=ZEK5 -Eo

Rg7w Rg>

Active R . Notemperqture
quarter-bridge g1-----Strain: €1 | compensation;
(Dual series gages) Rgz--+---Strain: £2 | bending strain
; gag €146 cancelled;
4| 3-wire system Eo==5=2 thermal effect
(For canceling of lead wires
bending strain) R:Fixed resistance | cancelled.
§\ Uniaxial stress R=Rg1+Rgz X1 output
Number of gages: 2 (Uniform tension/compression) e.g. Rg1 & Rgz are 60-ohm gages, if using a DB-120A.
Active gage £
Eo= Z Ks - Eo
Ks: Gage factor Temperature
Active-dummy &£, Strain compensation;
5 half-bridge Uniaxial stress E: Excitation voltage Hﬁg:;lv\ﬁ‘:f:;t
system (Uniform tension/compression) €o: Output voltage cancelled
Rgi--eee Strain: & x1 outpu.t
Dummy = R: Fixed resistance
gage Rgz------Strain: 0
Number of gages: 2 Rg2
(1+V) E
Co="""22E Ks-E,
Orthogonal* ° 4 ’ Temperature
active V: Poisson's ratio compensation;
half-bridge Rg1, Rgz: thermal effect
6 system Gage resistance gr';gﬁe"é"es
Rgi1....--Strain: &, :
Uniaxial st Rgz..-Strain: -vE&, X (1+) output
Number of gages: 2 | ()itorm tension/compressi  Fixed resk
. . pression) R: Fixed resistance
atarightangle
_ Temperature
Active eo= £ ks- €, compensation;
half-bridge 2 thermal effect
system of lead wires
7 (For bending strain Rg1-...-Strain: £, Eg'rg;pei(iéve/
measurement) Rgz.-Strain: €5 | tangile strain
R: Fixed resistance | cancelled.
N ) X 2 output
Number of gages: 2 S Bending stress
Opposite-leg €o= § Ks- Eo Notemperature | 97 Rg:2
active Rg ’@ compensation;
’ <&>/p <> x 2 output
8 half-bridge 9 [ =T Rgi------Strain: £, | bending strain U
2-wire system Rgz--.--Strain: Es cancelled by "
o - ) bonding to the ORI DI
Uniaxial stress R: Fixed resistance front and rear. D %
(Uniform tension/compression) ’ @ E
(Y nJ

Number of gages: 2
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. P Bridge Box
No. Names Sample Application Circuits Output Remarks DB-120A,350A
No temperature
e Exo € clgmperllsaf';ion; Rg1 Rg2
Opposite-le R o= Ks*Co thermal effect
P etve B g of lead wires
9 : Ro:/==F— Rgi-----Strain: €0 | cancelled;
half-bridge ) 3 outout
; Rgz------Strain: & | X4outpul
3-wire system o ) . bending strain
Uniaxial stress R: Fixed resistance | ancelled b
(Uniform tension/compression) bonding to%he
front and rear.

Number of gages: 2

wv
&
Rg1Rg2Rg3Rg4 (]
Active Temperature V)
; €o=Ks-Eo-E compensation; <
full-bridge thermal effect ©
system Rg1,Rg3 -+ of lead wires o=
10| (For bending strain Bending strain: £ | cancelled; Imly im G
measurement) Rgz R compressive/ & s
92, Rga - tensile strain a Q<
Bending strain: -&s | cancelled. © k] 2
x 4 output e
Number of gages: 4 =
o
(S =% Ks+Eo
Orthogonal _ .| Temperature
active V: Poisson's ratio | compensation;
, thermal effect
" full-bridge Rg1. Rgs----- of lead wires
system Strain: & cancelled.
Rg2, Rga -+ x2 (1+v) output
Uniaxial stress Strain: - v &
Number of gages: 4 |  (Uniform tension/compression)
Acti
ctive gages c Temperature
€o=LEKs-Eo compensation;
‘72 thermal effect
Active-dummy | Ro1 R of lead wires
12| fullbridge g1 Rz | anceled;
) ; ) Strain: & X 2 output
system (Uniform tension/compression) bendi .
Rgz. Rga...... ending strain
Strain: 0 cancelled by
: bonding to the
Number of gages: 4 front and rear.
: Eor= £ Ks - Eo
Active 0=3 . . Rg1 Rg2
bri emperature
half-bridge Rg1-eeeee compensation;
system Twisting strain: £o | thermal effect
13 (For twisting strain R of lead wires
measurement) g2 cancelled.

Number of gages: 2

Twisting strain: -&o |y output

R: Fixed resistance

Temperature
. compensation;
Actlye €o=Ks Eo-E thermal effect
full-bridge of lead wires
system Rg1. Rgs ... cancelled.
14 (For twisting strain Twisting strain: o bend||r|19ds_tra|n
measurement) Rg2. Rga...... E(a)?nc;r:ss‘ive/
Twisting strain: -&o | fancite strain
cancelled.
Number of gages: 4 X 4 output
4-active e":% Ks- & fo? o
quarter-bridge E+E+E:+E, | Notemperature Ro: Rgs
1 5 system Eo= 4 compensattio_n; 9
(For average strain average strain
measuregment) R: Fixed resistance | X 1 output U]

Number of gages: 4

Rg=R

R=Rg1=Rg2=Rg3=Rg4

®Relationship between strain and voltage

The output of a strain-gage bridge is expressed as equivalent
strain (x10 strain) or an output voltage (mV/V or uV/V)
against the excitation voltage. The strain quantity and the

If the excitation voltage E = 1V and the gage factor
Ks =2.00, 2€0 = Eo.
Thus, strain output is always 2 times larger

output voltage have the following relation: than bridge output voltage.

E
o= 7 Ks*&Eo e.g. 1.5 mV/V = 1500 pV/V - 3000x10% strain
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EStatic Strain and Dynamic Strain

Static Strain Measurement of
strain applied to

a bridge by

Measurement

O—
; \ /o ?
Static strain is a strain whose magnitude a stopped vehicle //\9\ 7& /O%W\
6_ —

does not change as time passes or
changes extremely slowly. If the force ( S

applied to a structure is constant, the ;7

strain is constant, making it possible to SRR

beread on an analog or digital indicator. T Measurement of
In many cases, however, static strain ;ﬁ?g;f E)l'Ed .
measurement is performed on multiple a stopped vehicle
channels, and thus scanners, channel
selector switch boxes, and strain
indicators are used in combination.

Network Terminal Box Static Strain Indicator
NTB-100 series, NTB-200 series SME-100A

- LAN > E
Data Logger Data pr’ocessing
Scanner UCAM-60B, etc.
Dynamic Strain Measurement of

strain applied to
a bridge by
moving vehicles

Measurement

Dynamic strain is a strain whose
magnitude changes as time passes or is
initiated by vibration or impact. Since

7 I — NN - -

3 . . L 25w ——— YN -
ever-changing strain cannot be read out G i ——— i — -
on analog and digital indicators, a data

Measurement of
recorder or analog recorder has been strain applied to

a bridge by
moving vehicles

used to obtain the detected data.
Recently, a high-speed interface that
connects the dynamic strain amplifier
with a PC or a multichannel digital
memory recorder analyzer that has a
high-speed A/D converter and
large-capacity memory is used to
acquire and analyze the detected data.

%: — Sensorinterface T ———
£

PCD-400A/430A

16



Simple static strain measurement
with digital indicator

Strain values are measured with a
digital static strain indicator SME-100A,
etc. For multichannel measurement,
multiple switch boxes are used.

Multichannel measurement

in short time and

for data processing

UCAM series data loggers that enable
correction, calculation and automatic
measurement are used together with
applicable USB scanners.

The UCAM-60B is used if the PCis not
used in conjunction, and the
UCAM-65B is used for online
measurement with the PC connected
constantly. The UCAM-550A enables
simultaneous sampling on all channels
and is used for measurement of static
to quasi-dynamic phenomena
fluctuating at several cycles per second.
Acquired data can be graphically
displayed and analyzed on the PC.

Simple measurement of dynamic
strain initiated by vibration, etc.
Dynamic strain fluctuating at up to 200
Hz can be measured simply with the
PCD-400A or PCD-430A sensor interface.
The sensor interface is equipped with
bridge circuits, dynamic strain amplifiers
and A/D converters, which enable its
direct connection with the PC. Acquired
data can be displayed in either graphic or
digital format and processed on the PC.

Measurement of various signals
including impact-initiated
dynamic strain

Kyowa provides measuring instruments
which enable data acquisition for quick
phenomena such as impact-initiated
waveform as well as simultaneous
input of voltage, thermocouple, pulse
and digital signals together with strain
gage and strain gage transducer
signals. A dedicated software program
is available for PC-aided analysis of
acquired digital data of dynamic
phenomena.

M Uses of Strain Gages

As sensing elements for transducers

Based on strain gages, various kinds of transducers are
manufactured. These transducers are intended not to obtain
strain data but to measure physical quantities such as load,
pressure, acceleration, displacement and torque. For direct
reading of such physical quantities, measuring instruments are
available for connection to transducers.

Various applications of strain gages

Load Measurement
A strain gage bonded to a pillar enables detection
of the force and load applied to the pillar.

Vibration/Acceleration Measurement
A strain gage bonded to a thin leaf spring enables
detection of the cycle, frequency and magnitude
of the vibration and acceleration the leaf spring
receives.

Displacement Measurement

A strain gage bonded to a thin leaf spring detects
the bending strain the leaf spring receives, thereby
enabling measurement of the amount of
movement or displacement the spring is
undergoing.

Torque Measurement

A strain gage bonded to an automobile propeller
shaft or the rotating shaft of a drilling machine N
enables measurement of the transmission force, '
i.e. the torque, the shaft provides.

Pressure Measurement

A strain gage bonded to a diaphragm enables
detection of the fluid or air pressure the
diaphragm receives. As a rule, the strain gage is
bonded to the rear of the diaphragm so that the
strain gage will not be damaged by directly
receiving pressure.
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HMSelecting Strain Gages

Select the most suitable strain gage for the measuring purpose, with the measuring object and conditions taken into account.
Select the lead-wire cable and adhesive which meet the measuring environment.
Also, consider various accessories available for protection against severe environments and for labor saving.

Selecting a strain gage based on operating
temperatures and other measuring conditions

Basically, a strain gage is selected based on the material of the measuring object and
the operating environmental temperature.

This section facilitates selection of a strain gage based on each measuring material and
temperature range.

Selecting a strain gage based on operating
environment and purpose

This section describes the materials and features of strain gages, and provides data such
as self-temperature-compensation ranges. Consult this section to select a suitable strain
gage based on its specific characteristics.

Selecting the type and the length of lead-wire cable
for the gage selectedin 1 or 2

After selecting a strain gage, select the type and length of lead-wire cable by referring to
this section.

temperature range and connection examples

From among various types available for high- to low-temperature applications,
select the most suitable lead-wire cable for the measuring purpose.

Adhesives and bonding tools

Select a suitable adhesive for each measuring environment by referring to this section.

Gage terminals and other accessories

4 Selecting a lead-wire cable based on operating

If required, select a gage terminal and coating agent by referring to this section.
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Selecting a strain gage based on operating temperatures

and other measuring conditions

°C -300 -200 -100 0 100 200 300 400 500 600 700 800 900 1000

General stress measurement

_m Measurement under general environment =P.32
Residual stress measurement by cutting method =P.43
_EE:E_ Residual stress measurement by boring method =P.44
Bolt axial force internal strain measurement =»P.45
Simultaneous measurement of strain and temperature =P.46
__ Measurement at middle temperatures up to 150°C =P.47
mm For simplified waterproof treatment =»P.51
m For simplified waterproof treatment =P.53
.m. For simplified waterproof treatment and long-term stability =»P.54

- g _E_ Measurement under general environment =P.55
5 S |
GE, = __ Surface strain measurement =P.56
S
=
§ g .m Internal strain measurement =P.57
s c
o
= m Self-contraction strain:-measurement =»P.58
5]
£,
28 -m Applicable linear expansion coefficients'1, 3, 6, 9 x10¢/°C =P.59
©
2
2= _E_ Measurement of printed boards =P.61
gé_ m Applicablelinear expansion coefficients 65 x10-¢/°C =»P.63
S =
E.5
g TR (OSSR Measurement of less than 100 um/m in environments with little ambient temperature change
=528% =P.67 =P.65 =»P.64
£E2E8
g £ -E_ Impact-initiated strain measurement with no amplifier =»P.66
EEE

Measurement
at high

temperatures

BT \cosurement at: -30 to 350°C =P.68
I T \/<:surementat: 50 to 350°C =P.70
_E_ Measurement:at: -196 to 250°C =»P.71

Measurement at: -196 to 950°C =»P.86

1%]
4]
o
©
(O]
£
©
o
5
(Ve]
o
<
=]
v
9
[9]
v

bu g
58 &
gE2 Y T Measurement up to -269°C »P.74
[}
= E_%
£E
g g Im Elongation measurement up to:approx. 20 to 30% =»P.77
o5
§’§ IE! Elongation measurement up to'approx. 10 to 15% =»P.78
£
g .
e _m Measurement under AC magnetic field =»P.79
g3
g o __ Measurement:under high electric field generating inductive noise =»P.80
s
" .m For measurements under other conditions =»P.81
+ =
g -g -m' Internal strain measurement =»P.82
B
k]
g'g S -E_ Simplified bonding, wiring, waterproof treatment =»P.83
nwsVY
© s,
§ 2 m Internal strain measurement of resin =P.84
=
o

Measurement of progress and propagation velocity of crack =P.85

°F -508 -328 -148 32 212 392 572 752 932 1112 1292 1472 1652 1832

* The temperatures stated above are operating temperatues.
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Selecting a strain gage

based on operating environment and purpose

Self-

. Operating temperature Applicable linear| Strain limits | Fatigue lives
Models/ Materials in combination temperatl:_re- expansion |t normal temp.|at nor?nal temp. e
series designation RESEHTE with majqradbeswes eI coef'f!gleonts (ApErox.) (Times)
elements Bases after curing (°C) *1 (°Q) (x10-5/°C) 2 *3
For general ce3e” 13810 100 511,16
_ - t s f s
el EP-340 {ggtg 150 100100 | 253°57 5.0% 1.2x107 | =»P.32
- -196 to
For sensing element PC-600 -196 to 150 11,16, 23, 9 7
of transducers EP-340 -55t0150 | 1010100 | 757 50% | 12107 [=P.42
For concrete CC-35 -10to 80 | 10to 100 11 5.0% 1.2x107 | =mppP.55
General-purpose
Foil Strain Gages CuNi alloy foil Polyimide CC33A 19615130
KFGS Concentrated stress CC-36  -30t0100 | 1910100 | 11 16,23, - o =P.38
S8 i52ic1s 21 :
Residual st cc 3" 13610188 11,16, 23
esidual stress CCc-36  -30to .16, 23, . -
measurement EE_-_Z‘(;% _1'32 '{g 128 1010 100 27 =>P.43
+ | General-purpose ; ;
G | Foil train Gages B?TLZ);SJJ;ET EP-370 Norml t?g‘ EO 20to 50 11 — — =P.45
g KFG
5 Foil Strain Gages CC-33A -10to 120 11.16.23
@ | withaTemperature Sensor CuNi alloy foil Polyimide CC-36 -10to 100 | 10to 100 S 3% 1x108 =P.46
() KFGT EP-340 -10to 120
E Strain measurement PC-600 -196t0150
% . . at mid temperature; CC-33A -196t0120| 0to 150 | 11,16,23 2.2% 1x106 =»pP.47
s Foil Strain Gages| fortransducers ) ) o EP-340 -55t0150
12 KFR NiCr alloy foil Polyimide PC-600 -196 10150
g Concentate s CC-33A -19610120 | 0to 150 | 11.16,23 | — — | =P.50
c measuremen EP-340 -55t0150
(o)} ] : CC-33A -10to 80
& | Waterproof Foil Strain Gages |\ ojloy foil | Polyimide | CC-36  -10t080 | 10t080 | 11.16,23 | 2.8% 3x10¢ | =P.51
(% KFWB
' EP-340 -10to 80
Small-sized Waterproof
Foil Strain Gages CuNi alloy foil Polyimide CC-33A -10to80| 10to80 | 11,16,23 5.0% 3x104 =P.53
KFWS
Weldable Waterproof (Spot welding)
Foil Strain Gages NiCr alloy foil | Stainless steel 420 100 10to0 90 1 — — =P.54
KCW -20to
Wire Strain Gages . ) Paper base + 3 . o s
KC CuNi alloy wire phenol-epexy CC-35 30t0 120 | 10to 60 11 1.8% 1.5x10 =»P.56
: Embedment
EmbeddedK?\;'a'” Gages CuNi alloy Acrylate (7_13) t070| 0t050 1 0.3% — =Pp.57
Concrete-embedded Strain Gages ; : m (Embedment) . . o .
e CuNi alloy wire Silicone Normal temp. to 70 0.3% =»P.58
o Foil Strain Gages for
g Composite Materials | NiCralloyfoil | Polyimide | EZ398 3910200 | 916150 | 1,369 | 22% 1x105 | =P.59
B KFRP
Eo Foil Strain Gages for
£2 Printed Boards Nicralloyfoil | Polyimide | 5200t 190101201 3010120 | 13 16% | 2x10° |=P.61
é_ s KFRS
[%]
5.8 . . . EP-34B  -20to 80
g g | Follstrain GagesforPlastics | cypjalioy foil | Polyimide | CC33A -20t080 | 10t080 65 3.0% 1x106 | =P.63
£s CC-36  -20t0 80
= Ultra-small strain;
= For sensing element : e CC-33A -50t0 120 o o *
% Semiconductor| ' Hansisen " P o EP-340 -50t0150 B 0.3% 2x10° P64
= Strain Gages i
5 Ultra-small strain; .
o KSPB 2-element, P type Si . CC-33A -50t0 120 *A
s temperature N type S Polyimide | £p340 _50t0 150 | 20t0 70 11.7 0.15% Jx106 | =P.64
£ compensation type
£ | Self-temperature-compensation p
< . ! . aper base+ | CC-33A -50to 120 *A
5 Semlconducl‘ic;r'\lStraln Gages N type Si phenol-epoxy | CC-36  -30 to 100 20to 70 11,16 0.1% 2x106 | =P.65
© High-output
) h } Paper base + | CC-33A -50to 120 *
g Semiconductor Strain Gages P type Si hepnol—e oxy | CC-36  -30to 100 - - 0.3% 2><'1A06 =P.66
© KSPH P poxy
5
S Ultra Linear
; : - Paper base + | CC-33A -50t0 120 *
5 Semlconducéc;;ftram Gages P type Si phenol-epoxy | CC-36  -30to 100 = — 0.3% ox106 | =P.67

Notes

*1. Underlined adhesives are those used for strain limit tests and fatigue life tests at normal temperature.
*2. Typical values with uniaxial gages. Strain limit is the mechanical limit where the difference between the strain reading and mechanical strain

initiated by applying tension load exceeds 10%.
*3. Typical values with uniaxial gages. Strain level: £1500 um/m ; *A: £1000 um/m; *B: £500 um/m.
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. Operating temperature Self- | Applicable linear| Strain limits | Fatigue lives
Models/ Materials _ irr: combing}‘ior_\ temperatl:re- eprfa'n'Sion at normal temp.|at normal temp. s
series designation Resistive with major adhesives | compensation| - coe [glgnts (ApBrox.) (Times)
clements Bases after curing (°C) *1 (°Q) (x10-5/°C) 2 *3
Heat-resistant . (Spot welding)
Encapsulated Gages b Heat-resistant | (2ROt WeIdIng)
KHCX Spef,':ilr:"oy metal 19610950 | 221930 11,13 - - =>P.86
Encapsulated Gages Hs%aé(;{:IS;SITg;t Heat-resistant | (SPot welding) - (Dygmic - - .
KHcv wire S 2510 800 measurement) ’
Encapsulated Gages Hseaetc—:'aels;sl'lc(a)nt Heatresistant | (SPOt welding) 2510750 | 11.13.16 . o
KHCR e metal 2510 750 e =P.86
Heat-resistant . (Spot welding)
o Encapsulated Gages b Heat-resistant | (>POtwelding)
3 KHCS special alloy o 2196 to 750 25t0750 | 11,13,16 — — =P.86
© wire
7]
o Heat-resistant . (Spot welding)
£ Encapsulated Gages b Heat-resistant | \2POT WeldIng)
5} KHCM spef;ailrslloy | 196 t0 650 25t0650 | 11,13,16 — — =P 86
<
2
< ; (Spot welding)
= Encapsulated Gages : . | Heat-resistant | 2P~ W19/ Normal temp. - -
2 KHC Nicralloy wire | " 1ctal 19610550 | toso0 | 1316 =P.86
High-temperature Foil *A
Strain Gages NiCr alloy wire | Polyimide | PI-32  -30to 350 10t0 300 | 11,16,23 1.9% 1.5x10° | =»P.68
KFU (300°Q)
High-temperature Foil (Spot welding) «B
. ) . . \>pot welding) o
Stralrlm(gages NiCr alloy wire | Stainless steel 250 10 350 10to300 | 11,16 0.5% 1x107 | =P.70
High-temperature Foil PC-600 -196to 250
Strain Gages NiCr alloy wire | Polyimide | EP-34B  -551t0200 | 10to 250 | 11, 16,23 2.1% 2x10°> | =P.71
KFH PI-32  -196 to 250
ol Low-temperature Foi - - to
3 [ PC-600 -269 to 150 5 11 16
= = Strain Gages NiCr alloy wire | Polyimide | EP-270 -269to30 |-196to50| ™ 25 2.2% 1x10¢ |=pP.74
o8 KFL CC-33A -196 10 120
.£ £ Ultrahigh-elongation Foil
g GE) Strain Gages CuNi alloy foil | Polyimide | CC-36 -20to 80 — — 20 to 30% — =»p.77
oS KFEM
o)) b
= 2 . . .
s 8 High-elongation Foil
= O Strain Gages CuNi alloy foil | Polyimide | CC-36 -10to 80 — — 10to 15% 1x10¢ | =pp.78
o £ _— o
i KFEL
= Non-inductive Foil
D v en-inductive Fol PC-600 -196to 150 .
: ) ] . .
§§ Strallr(wF?\lages NiCr alloy wire | Polyimide CC33A -196 10 120 0to 150 | 11,16, 23 1% 1x10 =»P.79
=]
E£S : :
=L Shielded Foil Culzq gg%foﬂ PC-600 -196to 150
s o Strain Gages Nicy lloy o Polyimide | CC-33A -196t0 120 | 10to 100 | 11,16,23 | 0.5% 1x10° | mpP.80
S KFS 350 4) EP-340 -55to0 150
§§ Foil Strain Gage for Special o
& 25| Hydrogen Gas Environment alloy foil Polyimide | PC-600  -30to 80 — — — _ =P.81
= KFV
T | Foil Strain Gages for Bending
€= - . . CC-33A -50t0 80 *B
<o o,
% 5 Strain Mza::;urement CuNialloy foil | Acrylate EP340 -50tog0 | 201060 | 11.16,23 0.2% 4ax106 | =P.82
S e Foil Strain Gages _ ) o E{gﬁcggggn"d bolt . i
g with a Protector CuNialloy foil | Polyimide EP-340. CC.33A — 1" 1% 1.2x106 | =»P.83
5 KeH -40 t0 100
§ Embedded G
mbedded Gage .
% KMP 9 Aluminum — 20to 120 — — — =»P.84
~ CC-33A
9 Crack Gages CuNi alloy foil F;]aperlbas‘” CC-36 — — — —  |=P85
G Kv PhENOePOXy | pc 600 :
w | *1.Underlined adhesives are those used for strain limit tests and fatigue life tests at normal temperature.
Y | *2. Typical values with uniaxial gages. Strain limit is the mechanical limit where the difference between the strain reading and mechanical strain
2 initiated by applying tension load exceeds 10%. *1% = 10000 um/m

*3. Typical values with uniaxial gages. Strain level: £1500 um/m; *A: £1000 pm/m; *B: £500 um/m.
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Selecting the type and the length of lead-wire cable

for the gage selected in 1 or 2

Virtually all Kyowa strain gages are delivered with a lead-wire cable pre-attached to ensure labor saving
in gage bonding works by eliminating the need for soldering.
Types and lengths of the lead-wire cable for each gage are as follows.

Models KFGS,KFR,KFRP,KFRS, KFGS,KFR,KFWB,KFWS,KC,
of Strain Gage KFP,KFL,KFEM,KFEL KFRP,KFRS,KFP,KFEM,KFEL
Tpeof |=—  |=— e e —
lead-wire
cables 2 polyester-coated | 3 polyester-coated | Vinyl-coated flat 2-wire cable | Vinyl-coated flat 3-wire cable
copper wires copper wires -10 to 80°C -10 to 80°C
-196 to 150°C | -196to 150°C
Uniaxial Multiaxial Uniaxial Multiaxial
15cm N15C2 N15C3 L15C2R L15C2S L15C3R L15C3S
9
- ,g 30 N30C2 N30C3 L30C2R L30C2S L30C3R L30C3S
O w
§§ Tm N1M2 NTM3 LTM2R L1M2S LTM3R LTM3S
D5
ég 3 — — L3M2R L3M2S L3M3R L3M3S
62 5 — — L5M2R L5M2S L5M3R L5M3S
; L-6 L-7
Models, etc. Twisted for =50 cm -9 for=6m L-10 for = 6 m
Red line (Independent)
Coating color * KFEL, KFEM are only 2-wire type [ — Egg == White
L White
*For other lead-wire cable lengths, contact us.
®For 2-wire gages, the gage resistance indicated on (20)

the package includes that of the lead-wires.

®For 3-wire gages, the gage resistance indicated on
the package is only for the gage itself, and does
not include that of the lead-wires.

OKFU and KFH: The advanced ribbon wire section is
covered with glass-cloth tape for reinforcement.
(See the right figure.)

®Encapsulated gages are provided standard with
an Ml cable 2 m long and a soft cable 50 cm long. Figure: Example lead-wire cable of a KFU gage

T

—x

—3
KFU-2-120-C1-16

Advanced ribbon wire

Soldered

Sandwiched with
the glass-cloth tape.

See page 54 for KCW, page 57 for KM, page 71 for KH.
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Model of strain gage Code of lead-wire cable

When ordering, specify the model of the strain gage and @ KFGS-2-120-C1-11 L1M3R

the code of the lead-wire cable with a space in between.

KFGS,KFR,KFRP,KFL KFRP,KFH,

KFL

cai—

e S S — - —_—
Mid-temperature Mid-temperature Vinyl-coated Fluoroplastic-coated High-temperature
2-wire cable 3-wire cable low-noise high/low-temp. lead-wire cable
-100 to 150°C -100 to 150°C 3-wire cable 3-wire cable -269 to 350°C
-10to 80°C -269 to 250°C
R15C2 R15C3 J15C3 F15C3 H15C3
R30C2 R30C3 J30C3 F30C3 H30C3
R1M2 R1M3 JIM3 FIM3 H1M3
R3M2 R3M3 J3M3 F3M3 H3M3
R5M2 R5M3 J5M3 F5M3 H5M3
L-11 L-12 L-13 L-3 L-17

—==59

Red (Independent)

White
Black

Red (Independent)

White
Black

Red (Independent)

— Blue
— Blue

Black (Independent)
— Yellow
- Green
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Selecting a lead-wire cable based on operating

temperature range and connection examples

L-type lead-wire cables

Operating

Nominal Cross | Number of  |Reciprocating| Coated

Conductor Section of Strands/ Resistance Wire Lengths
Tem;()f(l:')ature Rlocels S Materials Conductor Wire Diam. per Meter | Diameter (m)
(mm?) (mm) Q) (mm)

High-temperature lead wire

No”“at'cf%“;% L-1 — CuNi alloy 0.07 1/6030 | 1420 | 050 | 50

Vinyl-coated flat 3-wire cable

-10to 80| L-2 % Copper 0.30 12/¢0.18 | 0.12 #2.30 | 100

Fluoroplastic-coated
high/low-temp. 3-wire cable Silver-plated

T copper
High-temperature lead-wire cable

Normal temp. Nickel-clad
to350 L-4 — copper 0.20 1/6050 | 018 | ¢0.70 | 30

-269t0250| L-3 0.14 7/#0.16 | 028 $0.98 50

Vinyl-coated flat 2-wire cable

-10to 80| L-5 Copper 0.50 20/40.18 | 0.07 $2.50

Vinyl-coated flat 2-wire cable
~10t080| L-6 1 e —— Copper 0.08 7/6012 | 044 | $1.00

Vinyl-coated flat 3-wire cable

-10t080| L-7 (2 -— Copper 0.08 7/60.12 | 0.44 $1.00

Vinyl-coated flat 2-wire cable
-10t080| L-9 (1 T Copper 011 |10/60.12 | 032 | ¢1.00

Vinyl-coated flat 3-wire cable

-10t080| L-10(2 Copper 0.11 10/60.12 | 032 | #1.00 | 100

Mid-temperature

~100t0150| L-11 2T e Tigg'g;fd 0.08 7/6012 | 044 | 4086

Mid-temperature

100t0150| L-12 | TR T pered 008 | 7/6012 | 044 | ¢0.86

Vinyl-coated normal-temperature
L-13 low-noise 3-wire cable Tin-plated 0.09

S s B

Chloroprene-coated normal-temperature
50t090| L-14 low-noise 4-wire cable Tin-plated 0.08 7/6012 | 048 64.00

Bom( 3 | comper

Fluoroplastic-coated high/low-temp.
low-noise 3-wire cable Silver-plated

B ) | copper

-10t0 80 7/¢0.13 | 0.46 $3.50

-269t0250| L-15 0.08 7/60.12 | 048 | ¢2.50

- , 10
Fluoroplastic-coated high/low-temp.
26910250| L-16 lostHnelise 4"”'“; @Iolo Siverpiated 008 | 7/6012 | 048 | ¢330
High/low-temperature
-269t0350| L-17 Swirecable | Nidelplated | 07 | 4 4030 | 050 | 9038 | 30

copper

*1. These models have a suffix R, W, G, Y or B indicating the coating color; red, white, green, yellow or black. e.g. L-6B: Black vinyl coated.
*2. These models have a suffix WR, WL or WY indicating the stripe color; red, blue or yellow on white vinyl coating.
e.g. L-7WR: Red stripes on white coating.
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Cord . . Cord , .
2-wire 3-wire 2-wire 3-wire
Type Type
D9
D19
C1 D39
Red stripe  Red stripe
Red 2 connection methods Red stripes
depending on the models.
(SameasD16and D17.)
*KFGS: Right only.
- ‘Y' ‘v' D16
c
Red Red stripe
c15
C16 D17
Red Red stripe
Red stripe
= |
D1 (%WJE %W Yellow stripe
Red White
Red stripe Yellow stripe
D28
D2
Red stripe Blue stripe
Red stripe Yellow stripe -
Red White : _M-
o 54
S =\ D31
D4

Green

Blue stripe

Red stripe
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5 Adhesives and bonding tools

To obtain good measurement results, the strain gage must be bonded firmly to the measuring object.
Thus, it is important to select an adhesive suitable for the materials of both the object being measured and the
gage base, as well as for the measuring conditions.

Models Types Operatlng(l'g)mperature Major Applicable Materials  Curing Requirements
*Apply finger pressure (100 to 300 kPa)
Instantaneous e\Vletals (Steel, stainless steel, copper, for 15 to 60fsecor;]ds. Then, leave the
= A aluminum alloys A1050, A2024, etc. gageasitis for 1 hour.
& adhesive -1961t0 120 . ; y ) *The finger pressure application time
= CC-3 3A cured at (Regular temperature: o (Acrylate, ~PVC' e, S differs depending on temperature and
2 2010 80) eComposite materials (CFRP, GFRP, humidi diti
normal 0 PCB, etc) umidity conditions.
, €lc. The lower the temperature and
temperature eRubber humidity, the longer the finger
pressure application time required.
*Apply finger pressure (100 to 300 kPa)
Instantaneous for 30 to 60 seconds. Then, leave the
. gage as itis for 1 hour or more.
adhesive -30to0 120 eConcrete *The finger pressure application time
cc-3 5 cured at (Regular temperature:  eMortar differs depending on temperature and
2010 80) \Wood humidity conditions. The lower the
normal *yvoo temperature and humidity, the longer
temperature the finger pressure application time
required.
eMetals (Steel, stainless steel, copper, '?Pg'% iin?gBPTeSSU&e (_1”(1)0 tol 300 ‘;Ea)
[umi lloys A1050, A2024, or 30 to 180 seconds. Then, leave the
Instantaneous aluminum afloys gage as tis for 1 hour or more.
adhesive -30to 100 AT, R by, S *The finger pressure application time
CC'36 cured at (Regulazr Otemgg)rature: .;Efyt;'fri)(syﬁgr:?%t?)/c' nylon, gif‘ferz .c:eF)eng.i?g on Ttﬁmlperatt#‘e and
to A D umidity conditions. The lower the
normal *Composite materials (CFRP, GFRP, PCB, etc)  temperature and humidity, the longer
temperature eConcrete  eMortar the finger pressure application time
*\Wood *Rubber required.
Cured at
E P 270 normal 96910 30 eMetals (Steel, stainless steel, eApply pressure (50+20 kPa) for
= temperature aluminum alloy, etc.) 24 hours at approx. 25°C
Cured at *Apply pressure (10050 kPa) for
E P 340 normal 5510 150 eMetals (Steel, stainless steel, 24 hours at approx. 25°C or for
= temperature aluminum alloy, etc.) 2 hours at 80°C.
or by heating ePressing is possible with tape.
Cured at *Metals (Steel, stainless steel, copper,
] normal aluminum alloy, etc.) °§Eﬁ|y prestsure (30 tgs‘?,%kPi) for
= EP-34B -55t0 200 ePlastics (Acrylate, PVC, etc.) oh ours fsgggmx- ortor
m temperatq re eComposite materials (CFRP, GFRP, ours a . .
. or by heating PCB, etc) ePressing is possible with tape.
eVetals (Steel, stainless steel, copper, eKeep at normal
STRAIN GAGE EP-37O Cure_d by Norr?alggmp. aluminum alloy, etc.) temperature for 24 hours and
heating © ePlastics (Acrylate, PVC, etc.) heat it for 5 hours at 80°C.
eApply Pressure (150 to 300 kPa)
PC-600 Cured by 969 t6 250 *Metals (Steel, stainless steel, copper, for 1 hour at 80°C,
heating aluminum alloy, etc) —2 hours at 130°C
—2 hours at 150°C
*Apply pressure (200 to 500 kPa) for
1 hour at 100°C,
—2 hours at 200°C
—-—-?ﬂ'—'.l._.?‘-i—ﬂ f —2 hours at the operating temperature
= # gage PI-32 Eure.d by -269to0 350 .';/llj;(sil;&sr;eslll’ OStaleTce)S Sz, Cgaey, with the pressure removed.
8 55T e == eating W& *If itis difficult to heat to 200°C,

2 h at 200°C may be changed to
5 h at 160°C with all other conditions
followed.

Note: The stated operating temperature range is for the adhesive only, and may differ depending on combinations with gages. When using the adhesives and
gages together, read the attached instruction manual carefully.
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Category Capacity Features Major Applicable Gages
KFGS KFGT KFR KFWB
1 type of Jaxi eSuitable for bonding general-purpose gages which are used for general KEWS KFRP KERS KFP
anggc late %r stress measurement at normal temperature. KSPB_ KSN (Excl. E5)
R4 i uiEjy 2ax5 *Quick curing ensures smooth bonding workability. :
q 9 eEnables measurement in approximately 1 hour from bonding. KSPH KSPL KFL KFN
KFS KFF KCH KV
eHigh viscosity makes it suitable for bonding to porous materials such as
1 type of 2gx1 | KFGS KFGT KFR
umber and concrete.
cyan“oauciglate 2 O; 5 eSuitable for bonding general-purpose gages which are used for general KC KFRP KFP
q 9 stress measurement at normal temperature.
eSuitable for bonding a high-elongation gage (such as KFEM and KFEL) at KFEM KFEL KFGS KFGT
normal temperature. KFR KFWB KFWS KFRP
cy;ntgg?ryc/)lfate Z %f t eSuitable for bonding to non-adhesive materials such as aluminum alloy KERS KFP KSPB
liquid 2gx5 (A7075) a_nd magnesium _alloy _ } ) } KSN (Excl. E5) KSPH
eHigh peeling resistance, high impact resistance and less aging deterioration (Excl. E5)
of bonding strength KSPL KFF KV
509
2 types of Main agent:
epoxy liquid 259 eSuitable for bonding gages for strain measurement at very low temperature. KFL
mixed Curing agent:
259
309
2 types of Main agent:
epoxy liquid 6gx4 eSuitable for bonding gages for strain measurement at mid temperature. AFED (T8 (KUt
mixed Curing agent: KFGT  KFF KFS
15gx4
3089
eZ g;pe“s ?ind Mg|r61 agxezt: eSuitable for bonding gages for strain measurement at mid temperature and KERP KFP KFH
P m%;e?i Curihggagent' for bonding gages for transducers.
2.1gx4
409
ef)g(?ﬁiq%fid Malgéagent. eLow viscosity makes it suitable for bonding gages (KFG-C20) in bolts. KFG (C20)
mixed Curing agent:
109
1 heating type 100 eSuitable for bonding gages for strain measurement at low, mid and high KFGS KFR KFH
of phenol liquid 9 temperatures and for bonding gages for transducers. KFL KFN KFS
1 heating type
of polyimide 209 eSuitable for bonding gages for strain measurement at high temperature. KFU KFH
liquid
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5 Adhesives and bonding tools

M Gage Bonding Tool Kit

Note: Cleaner, strain gages and adhesives are not included. Please prepare them separately.

OGTK-77 Tool Kit

This kit includes almost all tools, gage terminals, solder and other expendables
required for gage bonding work.

Contents

Tool box, screwdriver set, tweezers (2 PC.), nippers, radio pliers, tape measure (2 m),
stainless steel scale, protractor, sandpaper (#100, #320, 3 PC. each), soldering iron tip
cleaner, knife, utility knife, scriber, soldering iron (40 W), compass, marking pencil,
mending tape, pencils (4H, 6H, 2 PC. each), scissors, cotton swabs, clean paper,
high-temperature solder, flux for high-temperature solder, heat-resistant glass tube,
gage terminals (T-P1, T-P4, T-P5, T-P6, T-P7, T-P8, T-P9, T-P10, T-F2B, T-F3B, T-F7B, T-F8B,
TF10B, T-F13B, T-F17B, T-F25 and T-F28), hair dryer (1200 W), insulation vinyl tape, table
tap (2.5 m), soldering iron (ANTEX), silicon rubber (10 PC.), fluoroplastic sheets (10 PC.),
gage presser (G-MATE-B, 1 PC)

Note: The power supply of the electric goods is set to 100 VAC, as per Japanese specifications.

@GTK-55K Tool Kit @

This portable kit includes almost all items required for gage bonding work
Contents

Tool box, tweezers (2 PC.), nippers, radio pliers, stainless steel scale, sandpaper (#180,
#320, #600, and #1000, 4 PC. each), utility knife, scriber, pencils (4H, 3PC.), tape,
scissors, small scissors, cotton swabs, clean paper, gage terminals (T-F7B, T-F17B) vinyl
tape, silicone rubber (10 PC.), fluoroplastic sheets (10 PC.), polyethylene sheets
(SKF-28284, 100 PC.), gage presser (G-MATE-B, 1 PC.)

B Gage Presser

@®Gage Presser G-MATE

The G-MATE applies pressure to a bonded strain gage continuously until the
adhesive is cured. It consists of a frame equipped with a strong ferrite magnet to
firmly fixthe object undertesting and a pressure disk equipped with silicon
sponge rubber and a coil spring to apply constant pressure to the strain gage.

=

G-MATE-B

Name Models Applications

L _ For normal temperature
Gage Mate G-MATE-B (Up to approx. 80 °C)

- N g For high temperature
High-temperature Gage Mate G-MATE-H (Up to approx. 150 °C)

6 pc/pkg
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6 Gage terminals and other accessories

M Gage Terminals

A gage terminal is for connecting a strain gage and lead wires to protect the gage leads. It prevents the strain gage from receiving force
and the gage leads from breaking or peeling off if the lead wires are pulled to some extent.

Dimensions Qty Operating | Recom-
Base Conductor
Models (mm) Materials | Materids| [Per |Temperature) mended | Remarks
(WxLxT) Pack (°Q) Adhesives
) ’ ’ ’ @ 5-pole 14x55x0.1 Copper | 20 sheets| CC-33A
t J t: t J t: :1 T-F2B 1-pole 14x11x0.1 | Glassepoxy | (GPPETI {5 poles/| 19610120 | gp'zyp
. . . . c € sheet)
@ 5-pole 14x65x0.1 CC-33A | For 3-wire
. . - - T-F3B CE | pole14x13:01 Glass epoxy 19610120 | pp3p system
Copper | 20 sheets
@ | 65%0 Glass epoxy + foir) (SﬁoE)S/
. . . . 5-pole 14x65x0.15 shee Not :
T-F13B ce 1-pole 14x13x0.15 ggﬁgslﬁ/élgaege 301050 | yequired | Self-bonding
@ 5-pole 6x25x0.1 Cc-33A
T-F7B Ce 1-pole 6x5x0.1 Glass epoxy 19610120 | o0
Copper | 20 sheets
@ le 6x25x0 Glass epoxy + foiF (Sﬁd%s/
5-pole 6x25x0.15 shee Not .
T-F17B ce 1-pole 6x5x0.15 ggﬁgslﬁ/él‘?aege 301050 | yequired | Self-bonding
@ 5-pole 4x30x0.1 per | 20 sheets CC-33A
lo o‘o o0 o ° o ° o‘ T-FBB 1-pole 4x6x0.1 Glass epoxy fO\F (5 poles/ | -19610 120 EP-34B
C E sheet)
Mainly for
4] @ per _ CC33A | 5element
8. f/dlb\\\\ T-F10B Ce 15x50%0.1 Glass epoxy fowf) 10sheets| -196to 120 EP-34B gages
2
= 5-pole 14x55x0.1
o -
[ T F23 c E 1-pole 14x11x0.1
T'F24 5-pole 9x40x0.1 Polyimide Fper 20 sheleets jgg %8 %98 CC-33A For high
C € | 1ole9x8x01 foi 6 ﬁge%s/ with CC-33A | EP-34B | temperature
T'F25 5-pole 6x25x0.1
c € 1-pole 6x5x0.1
T F26 5-pole 14x55x0.1
. CE€ 1-pole 14x11x0.1
5-pole 9x40x0.1 . per | 20 sheets .
- Polyimide -196 to 350 PI-32 For high
T-F27 C € | 1-pole9x8x0.] Y fowr) (Ssﬁgéff/ temperagture
T F28 5-pole 6x25x0.1
. C€ 1-pole 6x5x0.1
@ Outer: ¢6 Glass e Copper . EP-340,370 | For measuring
- poxy f 20 sheets| -196to 120 axial tension
T-F29 C€ | Inner: 925 fol CG33A | ot bolts
PR T-P1 14x10x4 Styrol — -30to 80 CC-33A | Self-bonding
g in-plate
COpper 1 20 pC.
Styrol + e Not :
— T-P4 14x10x4.5 ggﬁ?slsv_éi?aege -30to 50 required | Self-bonding
T-P5 6x6x2 ABS -30t0 120 | CC-33A
Tin-plated
C?/E/)\fr)gr 20 PC.
©v ABS +
o T-P6 6x6x2.5 double-sided 301050 | reqiored | Self-bonding
> adhesive tape
S )
S - 15x10x4 ABS 301080 | cc33a | FOr3wire
= —\ T P7 Tin-plated system
AW copper | 20 pC.
ABS+ wire Not A
T-P8 15%10x4.5 ggﬁgsliev-él‘?;ge -30to 50 required | Self-bonding
Heat-resistant
- 6x5x4
— T P9 styrol Tin-plated
& copper | 40PC. | -30t0 90 CC-33A
Heat-resistant Rubber on
T'P1 0 6x5x6 styrol + rubber the rear face
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M Coating Age

Coating agents are applied to gages and gage terminals to prevent
gages from adsorbing moisture in outdoor or long-term measurements.

e
| , =
—
C-5 VMTAPE ARALDITE-C HAMATITE KE-4898-W
Y-500-L
Models C-1B c-a 5 AK22 VMTAPE  ARALDITE HAMATITE ¢ 4595 \y
Y-500-L
Types Hot-melt type Hot-melt type Rubber solvent type Special clay ':Lel;;g:tg/%ge 2-liquid type (1:1)  Rubber solvent type Silicon solvent type
Operating o o o o o o o o
Temperature -30t0 40°C —50 to 60°C —-269t0 60°C —30to 120°C -30to 80°C —50to 100°C -20to 70°C -50to 200°C
g::;trx‘i%ements Cure'-ée:tt hrgfr‘rt;?t%mp. cure'ée;tt 'nn;ﬁ‘;ea?é‘mp Cured at normal temp. Press-fitted Press-fitted i nor?r?a?temp. Cured at normal temp. Cured at normal temp.
Moisture & Water-
proofness @ © @ © O A O A
Mechanical
Protection A A A A AN © A A
Oil Resistance A AN A AN A O AN A
Alcohol
Resistance O O O O O O O O
Toluene
Resistance X 8 X 8 X O X 28
Alkalescent
Resistance O O O O O O A A
Weak-acid
Resistance O O O O O O A A
Contents 500 g 500 g 1009 1kg 38 mmx6 m 1.8kg 1.5kg 1009
Materials Paraffin wax Micro‘cl\rl);s;alline Butyl rubber in?)lrjgt;yalr:i%g%ii:i—ve Butyl rubber Epoxy Chlﬁ)urg ge;ne Silicon
Maiﬂ agelrllt: -
. . . Light milk white ; ;
Color White White Light yellow Dark green Black Curing agent: Black Milk white
Light yellow

To be applied Excellent cohe- Minimal The clay-like The tape Highly effective Suitable as an Highly heat-

with a brush after ~ siveness makes restriction shape ensures shape mechanical final finish of resistant coating
Features heat melting. it suitable for in ultra-low easy coating facilitates protection makesit  multi-layer agent.

Suitable as an application to temperature work. coating work. suitable asan upper  coating.

underlayer of wall surfaces. applications. layer of multilayer

multilayer coating. coating.
Kyowa Models C-1B C-4 C-5 AK22 VMTAP ARALDITE-C ~ HAMATITE Y-500-L KE-4898W
©: Excellent *When using, read the attached instruction manual carefully.

O: Rather excellent
/\: Rather inferior
X Inferior

B Accessories for High-temperature Gages g
©

: : )
Accessories for high-temperatures gages. . . . c
OHTG Series Accessories for High-temperature Gages T

S

wv

Name Models Specifications Qty o

Fusion temperature: 309°C 20 ¢m lon T

High-temperature solder | HTG-S-B Maximum bar x 2 9 %

(%]

operating temperature: 300°C

Flux for HTG-S-F Ingredients:

high-temperature solder Inorganic acid + alcohol 209

Heat-resistant glass tube | HTG-G-TUBE anennegrtg!ameter: 1';mm 10 PC.

Heat-resistant teflon tape | HTG-T-TAPE | he3tresistance:200°C 32.9m long
S’ 4 ' Heat-resistant glass tape | HTG-G-TAPE Cﬁgﬁg:es'swnce: ggomfn 33 mlong

*The heat resistance of 350°C for the heat-resistant glass tape is the specification for short-term operation.
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Gages for General Stress Measurement K F G s

Gage leads

: B General-purpose C E @
b / Foil Strain Gages

The KFGS series gages use polyimide resin for
the base that is approx. 13 um thick. It ensures
excellent flexibility. The outstanding

4 moisture proof enables the KFGS gages to

Grid width

\
Base width

| Grid length operate effectively both indoors and outdoors.
(Gage 'e’ég;?g length Unless directly exposed to water droplets, no

coating treatment is required.

@ Various lengths and patterns are available
to cope with multiple applications.

@Excellent moisture resistance.

@The thin gage base provides less resiliency,
and thus ensures excellent workability
and easy bonding to curved surfaces.

@Compensated temperature range is as
wide as 10 to 100°C and thermal effect
in a range of 20 to 40°C is as small as
+1 pum/m/°C.

@5Strain limit at room temperatures is
approximately 5% and fatigue life is
1.2 x107 times (uniaxial gages), making
them suitable for material tests.

@For gages with a 2-wire cable, the
resistance and the gage factor are as
stated including the lead-wire cables.

@For gages with a 3-wire cable, the gage
factor is as stated including the lead-wire
cables but the stated resistance does not
include the effect of the lead-wire cables.

® Gage Factor Approx. 2.1

@ Applicable Linear Expansion
Coefficients (x10%/°C)

@ Self-temperature-
compensation Range

511,16, 23,27

10to 100°C

Applicable Adhesives and Operating Temperature Ranges
CC-33A: -196 to 120°C EP-340: -55 to 150°C

CC-35: -30to 120°C PC-600: —196 to 150°C

CC-36: -30to 100°C

B Typical characteristic curve of thermally-induced
apparent strain with KFGS gages

140

120

100

80

=1 um/m per °C

A
-8
Mh/’b
Ler o

C
Adhesive: CC-33A

Thermally-induced apparent strain output (um/m)
o
o

Strain gages with 3-wire cable attached

ETypes, lengths and codes of lead-wire cables pre-attached to KFGS series gages

Type | 2 polyester-coated | 3 polyester-coated Vinyl-coated flat Vinyl-coated flat Mid-temperature | Mid-temperature
copper wires copper wires 2-wire cables 3-wire cables 2-wire cables 3-wire cables
C1,€2,C3,C15, | C1,€2,C3, C1,C2,C3, D1,D4, C1,C2,C3, D1,D4, C1,C2,C3,C15, | C1,€2,C3,C15,
C16,D01,D2,D3, | C15,C16, C15,C16, D16,D17, C15,C16, D16,D17, C16,D1,D4,D9, | C16,D1,D2,D4,
D4,D06,D9,D16, | D1,D4,D9, D9,D19 D28,D39 D2,D9,D19, D28,D39 D16,D17,D19, | D9,D16,D17,
D17,019,D28, | D16,D17,D19, D31 D28,D39 D19,D28,
Length D31,D39 D28,D39 D31,D39
15cm N15C2 N15C3 L15C2R L15C2S L15C3R L15C3S R15C2 R15C3
30 N30C2 N30C3 L30C2R L30C2S L30C3R L30C3S R30C2 R30C3
Tm N1M2 NTM3 LTM2R LTM2S LTM3R LTM3S R1M2 R1M3
3 L3M2R L3M2S L3M3R L3M3S R3M2 R3M3
5 L5M2R L5M2S L5M3R L5M3S R5M2 R5M3
Operating temp. -196 to 150°C -10t0 80°C -100 to 150°C
Twisted for =50 cm L-6 L-7
Remarks (There are exceptions.) L-9for=6m L-10 for=6m L-11 L-12

* For other lead-wire cables, please contact us.
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I KFGS euniaxial

. N T 7 ‘ :
—————=o ——3
KFGS-30-120-C1- 11 KFGS-20-120-C1- 1 KFGS-10-120-C1- 11
16 16 16
23 23 23
27 27 27
Pattern Uniaxial Uniaxial Uniaxial
Base 37 x5.2mm 28 x 8 mm 16 x 5.2 mm
Grid 30 x 3.3 mm 20 x 5 mm 10 x 3 mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
—
KFGS-6-120-C1- 1 KFGS-5-120-C1- 5 KFGS-4N-120-C1- 11
16 1 16
23 16 23
27 23 27
27
Pattern Uniaxial Uniaxial Uniaxial
Base 10 x 3.4 mm 9.4 x2.8mm 8x1.4mm
Grid 6x1.7mm 5x 1.4 mm 4 x 0.7 mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
3 ecif the model number as fo"ows_ Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1M3R
p y ﬁ ~10 to 80°C I m L3M3R
5m L5M3R
B e e 5 Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m II:;M%E
1 cadwire ¥ -10to 80°C 3
KFGS-LH120-C1-[ ] Bk, ——m e S ——LoMaR
"""""""""""""""""""""" ( Mid-temperature 3-wire cable L-12 1m R1M3
:E:ﬁ —-100 to 150°C 3m R3M3
! 5m R5M3
Mid-temperature 2-wire cable L-11 Tm g;':/ng
_ _ _ _ E —100 to 150°C 3m
KFGS-30-120-C1-11 L1M3R — 5m R5M2
3 polyester-coated copper wires 30cm N30C3
X 30cm —196 to 150°C 50 cm N50C3
PSPPI pezs—=———50cm, 1 m 1m 1M3
2 polyester-coated copper wires 30cm N30C2
: 30em -196 to 150°C 50 cm N50C2
S ooccocococooal oo 50cm, 1m 1m N1M2
Silver-covered copper wires 196 to 150°C V5 FE

Strain Gages




. KFGS @Uniaxial, Biaxial

E—
KFGS-3-120-C1- 11 KFGS-2-120-C1- 5 KFGS-2N-120-C1- 11
16 1 16
23 16 23
27 23 27
27
Pattern Uniaxial Uniaxial Uniaxial
Base 7.4 %x2.8mm 6.3 x2.8mm 53x 1.4 mm
Grid 3x1.3mm 2x1.2mm 2 x0.84 mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
EEE—
KFGS-1-120-C1- 11 KFGS-1N-120-C1- 1 KFGS-03-120-C1- 11
16 16 16
23 23 23
27 27 27
Pattern Uniaxial Uniaxial Uniaxial
Base 4.8 x 2.4 mm 4.2 x 1.4 mm 3.5x2.4mm
Grid 1x1.1mm 1% 0.65 mm 0.3 x1.4mm
Resistance 120 Q 120 Q 120 O
Pieces per Pack 10 10 10

KFGS-02-120-C1- 1" KFGS-10-120-D16- 11 KFGS-5-120-D16- 1"

16 16 16
23 23 23
27 27 27

Pattern Uniaxial Biaxial, 0°/90° stacked rosette Biaxial, 0°/90° stacked rosette

Base 3.3 x2.4mm ¢21 (?-”1

Grid 0.2x 1.4 mm 10 x 3 mm 5x 1.4 mm

Resistance 120 Q 1200 120 Q

Pieces per Pack 10 10 10




. KFGS @Biaxial

KFGS-3-120-D16- 11 KFGS-2-120-D16- 11 KFGS-1-120-D16- 11

16 16 16

23 23 23

27 27 27
Biaxial, 0°/90° stacked rosette ~ Biaxial, 0°/90° stacked rosette ~ Biaxial, 0°/90° stacked rosette

810 ¢8 $5
3x1.3mm 2x1.2mm 1x1.1mm
120 Q 120 Q 120 Q
10 10 10

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code

specifv the model number as follows. Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1M3R:L1M3S
pectly :Eg -10 to 80°C 3m __ L3M3RIL3M3S
i A 5m  L5M3RIL5M3S

---------------------------------------- Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m L1M2 R:L1 M2S

~10 to 80°C 3m  L3M2RIL3M2S
5m _ L5M2RIL5M2S

 KFGS-[1-120-(]-[] | =————=

"""""""""""""""""""""" Mid-temperature 3-wire cable L-12 Tm R1M3
i E -100 to 150°C 3m R3M3
——— S R5M3
Mid-temperature 2-wire cable L-11 1m Q;R/ng
J— \ —100 to 150°C 3m
KFGS-1-120-D16-11 L1M3S | ‘ A — 5m R5M2
3 polyester-coated copper wires 30cm N30C3
=\ 30cm -196t0 150°C __ 50 cm N50C3
PSP pez=———50cm, 1 m 1m 1M3
2 polyester-coated copper wires 30cm N30C2
=\ 30cm -196t0 150°C 50 cm N50C2
Soocococooooaileo————__ 50cm, 1m 1m N1M2

Silver-covered copper wires

-196 to 150°C 25 mm

Strain Gages




. KFGS @Triaxial, Biaxial, Biaxial for Torque Measurement -

KFGS-10-120-D17- 11 KFGS-3-120-D17- 11

16 16
23 23
27 27

ot Triaxial, 0°/90°/45° stacked rosette  Triaxial, 0°/90°/45° stacked rosette  Triaxial, 0°/90°/45° stacked rosette

for stress analysis for stress analysis for stress analysis

Base d21 o111 ¢10

Grid 10 x 3mm 5x 1.4 mm 3x 1.3 mm

Resistance 120 Q 120 Q 120 Q

Pieces per Pack 10 10 10

KFGS-2-120-D17- 11 KFGS-1-120-D17- 1 KFGS-2-120-D1- 1"

16 16 16
23 23 23
27 27 27
ot Triaxial, 0°/90°/45° stacke:d rosette  Triaxial, 0°/90°/45° stacke;d rosette Biaxial, 0°/90° plane arrangement
for stress analysis for stress analysis

Base ¢8 5 10 x 8.5 mm
Grid 2x1.2mm 1x 1.1 mm 2x3.2mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10

N

KFGS-2-120-D2- 1 KFGS-2-120-D31- 11

16 16
23 23
27 27

e Biaxial, 0°/90° plane arrangement  Biaxial, 0°/90° plane arrangement

for torque measurement for torque measurement

Base 12 x7 mm 8 x6.5mm

Grid 2 x3.4mm 2x1.2mm

Resistance 120 Q 120 Q

Pieces per Pack 10 10




. KFGS @®@Triaxial, Quadraxial, Uniaxial with gage leads at both ends .

Mﬂ%‘i &
KFGS-2-120-D3- 11 KFGS-2-120-D4- 11 KFGS-1-120-D4- 11
16 16 16
23 23 23
27 27 27
Triaxial, 0°/90°/45° plane arrangement  Triaxial, 0°/120°/240° plane arrangement  Triaxial, 0°/120°/240° plane arrangement
Base 11 x 11T mm 12 x 12 mm 7 x7 mm
Grid 2 x 3.6 mm 2x3.4mm 1x1.7mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10

KFGS-2-120-D6- 11 KFGS-1-120-C2- 1 KFGS-1-120-C3- 11
16 16 16
23 23 23
27 27 27
Pattern Quadraxial, 0°/30°/90°/150° plane arrangement  Uniaxial, gage leads at both ends ~ Uniaxial, gage leads at both ends
Base 17 x 17 mm 5.6 x 3mm 55x%x2.7mm
Grid 2x 3.1 mm 1x1.8mm 1x1.8mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
. Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L1M3R:L1M3S
specify the model number as follows. e 0 e 3m  L3M3RL3M3S
5m  L5M3RIL5M3S
e ! Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m t;m%st;m%g
; i -10t0 80°C 3m 5
' KFGS-{ ]-120--[] : — 5m__ L5M2R.L5M2S
N e m e mm e ; Mid-temperature 3-wire cable L-12 1m R1M3
— ‘ g ~100 to 150°C 3m R3M3
E } 5m R5M3
Mid-temperature 2-wire cable L-11 Tm R1M2
e\ -100t0150°C __ 3 m R3M2
KFGS-1-120-C3-11 L1IM3R 5m R5SM2
3 polyester-coated copper wires 30 cm N30C3
=\ 30em ~196 to 150°C __ 50 cm N50C3
RSBSOS [ez—=——— 50 cm, T m 1m N1M3
2 polyester-coated copper wires 30 cm N30C2
X 30em -196t0 150°C _ 50 cm N50C2
—ocococoecooo{leoc——"_ 50cm, 1 m Tm N1M2
Silver-covered copper wires o @ e e S

Strain Gages




. KEGS @ Uniaxial, Uniaxial for shearing strain, I
Uniaxial 5-element for concentrated stress, Biaxial 5-element

Pattern

Base
Grid
Resistance

Pieces per Pack

Pattern

Base
Grid

Resistance

Pieces per Pack

Pattern

Base

Grid

Resistance

Pieces per Pack

2]
(Pitch) P=3 mm

KFGS-2-120-C15- 11 KFGS-2-120-C16- 11
16 16
23 23

(Torque measurement possible 27 (Torque measurement possible 27
in combination with C16) in combination with C15)

KFGS-2-120-D9- 1
16

(Pre-attached type: 2 polyester- 23
coated copper wires (10 cm) + 27
the specified lead-wire cable)

Uniaxial, for shearing Uniaxial, for shearing
strain measurement strain measurement

Uniaxial 5-element,
for concentrated stress measurement

5.2 x3mm 5.2 x 3mm 17 x 5 mm
2 x0.8mm 2 x0.8mm 2x2.2mm
120 Q 120 Q 120 Q
10 10 5

(Pitch) P=2mm (Pitch) P=3mm

(Pitch) P=2 mm

KFGS-1-120-D9- 1" KFGS-2-120-D19- 11
16 16

(Pre-attached type: 2 polyester- 23 (Pre-attached type: 2 polyester- 23
coated copper wires (10 cm) + 27 coated copper wires (10 cm) + 27
the specified lead-wire cable) the specified lead-wire cable)

KFGS-1-120-D19- 11

16
(Pre-attached type: 2 polyester- 23
coated copper wires (10 cm) + 27
the specified lead-wire cable)

Uniaxial 5-element, stacked rosette Uniaxial 5-element,
for concentrated stress measurement

for concentrated stress measurement

Uniaxial 5-element,
for concentrated stress measurement

12 x4 mm 17 x5 mm 12 x4 mm
1x1.4mm 2 x2.5mm 1x1.5mm
120 Q 120 Q 120 Q
5 5 5
e
i~ D QN () (-
. RN
Upper side gage pattern Lower side gage pattern
KFGS-1-120-D39- 11 KFGS-5-60-C1- 1 KFGS-2-60-C1- 11
16 16 16
(Pre-attached type: 2 polyester- 23 23 23
coated copper wires (10 cm) + 27 27 27
the specified lead-wire cable) (Use 2 gages in series connection) (Use 2 gages in series connection)
Biaxial 5-element, stacked rosette Uniaxial Uniaxial
for concentrated stress measurement
12 x 6.4 mm 10 x 3.4 mm 7.2 x3.7mm
1 x 1.4 (1.5) mm *( ) indicates lower side gage. 5x2mm 2x2.3mm
120 Q 60 Q 60 Q
5 10 10




B KFGS euniaxial

=p=

KFGS-5-350-C1- 11

KFGS-3-350-C1-

KFGS-2-350-C1-

Pattern Uniaxial Uniaxial Uniaxial
Base 9.4 %x 4.2 mm 7.4 %x4.2mm 6.3 x4.2 mm
Grid 5x2mm 3x2mm 2x2mm
Resistance 3500 3500 3500
Pieces per Pack 10 10 10

KFGS-1-350-C1- 11

16
23
27

Pattern Uniaxial

Base 4.8 x 3.4 mm

Grid 1 x2mm

Resistance 350 Q

Pieces per Pack 10

When ordering,
specify the model number as follows.

 KFGS-[1-350--(] IEFREA |
KFGS-1-350-C1-11 LIM3R

Lead-wire Cable Type and Shape Oprg. Temp. Length
Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm
:Eg —-10 to 80°C 3m
b : 5m
Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m
e ———am ~10te80%C m
5m
Mid-temperature 3-wire cable L-12 1m
:§:\§ —-100 to 150°C 3m
‘ 5m
Mid-temperature 2-wire cable L-11 Tm
— i = —-100 to 150°C 3m
5m

3 polyester-coated copper wires 30 cm

—| 30cm —-196 to 150°C 50 cm
PRI pz—=——=50 cm, 1 m 1m

2 polyester-coated copper wires 10 cm

= 10cm,30em 196 10 150°C — oo

e e cecaoal booe——" 50 cm, 1 m 5? )
m

Silver-covered copper wires _196 o 150°C 25 (i

Strain Gages




I KFGS @Biaxial, Triaxial

KFGS-5-350-D16- 11 KFGS-3-350-D16- 11 KFGS-2-350-D16- 11

16 16 16
23 23 23
27 27 27
Pattern Biaxial, 0°/90° stacked rosette Biaxial, 0°/90° stacked rosette Biaxial, 0°/90° stacked rosette
Base o111 10 ¢10
Grid 5x2mm 3x2mm 2 x2mm
Resistance 3500 3500 350 Q
Pieces per Pack 10 10 10

KFGS-1-350-D16- 11 KFGS-5-350-D17- 11 KFGS-3-350-D17- 11

16 16 16
23 23 23
27 27 27
. o /oA Triaxial, 0°/90°/45° stacked rosette  Triaxial, 0°/90°/45° stacked rosette

SRR Biaxial, 0°/90" stacked rosette for stress analysis for stress analysis

Base ¢8 d11 10

Grid 1x1.8mm 5x2mm 3x2mm

Resistance 350 Q 350 Q 350 Q

Pieces per Pack 10 10 10

KFGS-2-350-D17- 11 KFGS-1-350-D17- 11

16 16
23 23
27 27

ot Triaxial, 0°/90°/45° stacked rosette  Triaxial, 0°/90°/45° stacked rosette

for stress analysis for stress analysis

Base ¢ 10 ¢8

Grid 2x2mm 1x1.8mm

Resistance 350 Q 3500

Pieces per Pack 10 10




I KFGS @Biaxial, Biaxial for torque measurement

EwZ2rN

KFGS-2-350-D1- 11 KFGS-2-350-D2- 11 KFGS-2-350-D31- 11
16 16 16
23 23 23
27 27 27
1 norane Biaxial, 0°/90° plane arrangement  Biaxial, 0°/90° plane arrangement
e Biaxial, 0°/90° plane arrangement for torque measurement for torque measurement
Base 10 x 8.5 mm 12 x 6.8 mm 10.5x6.5mm
Grid 2x3mm 2 x4 mm 2x3mm
Resistance 350 Q 350 Q 350 Q
Pieces per Pack 10 10 10
When ordering Lead-wire Cable Type and Shape Oprg. Temp. Length Code
B . Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L1M3R:L1M3S
specify the model number as follows. — _10to80°C  3m L3M3RL3MS3S
— o 5m __ L5M3RL5M3S
Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) Tm L1 MZR:L1 M2S
........................................ — —-10 to 80°C 3m L3 M%R'LgMgg
1 __ 5m _ L5M2RIL5M
1 KFGS'D'3 50'|:|'|:| ] Mid-temperature 3-wire cable L-12 Tm R1M3
A e em e mnenannn I EE -100 to 150°C 3m R3M3
5m R5M3
Mid-temperature 2-wire cable L-11 1m R; M%
%E: —100 to 150°C 3m R M
KFGS-2-350-D31-11 L1IM3S 5m RSM2
3 polyester-coated copper wires 30 cm N30C3
==\ 30em -196t0 150°C _ 50 cm N50C3
EOOTTSTITSTY P&Z=—=50cm, 1 m 1m N1M3
2 polyester-coated copper wires 10 cm N10C2
——— A L T/
1m N1M2
Silver-covered copper wires
-196 to 150°C 25 mm

a1
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. KFGS @Uniaxial for transducers

KFGS-5-500-C1- 11 KFGS-2-500-C1- 1 KFGS-5-1K-C1- 11
16 16 16
23 23 23
27 27 27
Pattern Uniaxial, for transducers Uniaxial, for transducers Uniaxial, for transducers
Base 11 x4.9mm 7.5 x 4.4 mm 11 x4.9mm
Grid 5x3.5mm 2 x 2.6 mm 5x 3.5mm
Resistance 500 Q 500 Q 1000 Q
Pieces per Pack 10 10 10
HE
KFGS-2-1K-C1- 11
16
23
27
Pattern Uniaxial, for transducers
Base 7.2x45mm
Grid 2x3mm
Resistance 1000 Q
Pieces per Pack 10
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
3 eci the model number as fo"ows_ Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L1M3R
P fy :E\E —-10 to 80°C 3m L3M3R
i 5m L5M3R
RTINS 3 Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m t; M%E
; ead-wire : il —10 to 80°C 3
' KFGS---C1-[ | ——s ° e —IEMIE
""""""""""""""""""""" ( Mid-temperature 3-wire cable L-12 1m R1M3
e \——— ~100 to 150°C 3m R3M3
] 5m R5M3
Mid-temperature 2-wire cable L-11 Tm g;lt//lg
-100 to 150°C 3m
KFGS-2-1K-C1-11 L1M3R 5m R5M2
3 polyester-coated copper wires 30cm N30C3
X 30cm -196 to 150°C 50 cm N50C3
SRR TRTIT PSz=— 50 cm, 1 m 1m N1M3
2 polyester-coated copper wires 30 cm N30C2
' 30em ~196 to 150°C 50 cm N50C2
e ococecaoal looc———""_ 50cm, 1 m 1m N1M2

Silver-covered copper wires ~196 to 150°C 25 mm

Y
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Gages for Residual Stress Measurement K F G s

YLV 7
b 0\ 4l
T-C26

(When the clip-equipped dedicated cable is used, the operating temperature range of
each adhesive after curing is-10 to 80°C.)

Applicable Adhesives and
Operating Temperature Ranges

CC-33A: -196 to 120°C

® Gage Factor Approx. 2.1

@ Applicable Linear Expansion

BMFoil Strain Gages €@
with Gage Terminal

KFGS gages equipped with a gage terminal
enable one-touch connection/disconnection of
the lead-wire cable. They are suitable for residual
stress measurement with the cutting method.

A clip-equipped dedicated cable T-C26
(Vinyl-coated, 2 m long) is optionally available.

Coefficients (x10°/°C) 11,16, 23 CC35 —30t0 120°C | ead-wire Cableype andShape  Oprg. Temp. Length
. o ter-coated copper wires
@ Self-temperature- o CC-36: —301t0 100°C With gage terminal _ °
# 10t0100°C  EP-340: - 55 to 120°C — we| R T

compensation Range

. KFGS ®@Uniaxial, Biaxial, Triaxial (With gage terminal)

iT*ji

KFGS-2-120-C1- 11 T-F7

KFGS-1-120-C1- 11 T-F7

KFGS-2-120-D16- 11 T-F7

16 16 16
23 23 23
Pattern Uniaxial Uniaxial Biaxial, 0°/90° stacked rosette
Base 6.3 x2.8mm 48 x2.4mm 68
Grid 2x1.2mm 1x1.1mm 2x1.2mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10

KFGS-1-120-D16- 11 T-F7 KFGS-2-120-D17-

11 T-F7 KFGS-1-120-D17- 11 T-F7

16 16 16

23 23 23
Pattern Biaxial, 0°/90° stacked rosette  Triaxial, 0°/90°/45° stacked rosette  Triaxial, 0°/90°/45° stacked rosette 2
Base ¢5 ¢8 ®5 E
Grid 1x1.1mm 2x1.2mm 1x 1.1 mm <
Resistance 120 Q 120 Q 120 Q S
Pieces per Pack 10 10 10 “
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Gages for Residual Stress Measurement K F G s

M Foil Strain Gages c € @
for Boring Method

Applicable Adhesives and
Operating Temperature Ranges
CC-33A: -196to 120°C

® Gage Factor Approx. 2.1

@ Applicable Linear Expansion

Coefficients (x10/°0) 11,16, 23,27 CC35 30t 120°C Designed to measure residual stress
@ Self-temperature- X CC-36: —30to 100°C released by the boring method.
compensation Range 1010 100°C EP-34B: -55to 150°C

EP-340: -55to 150°C
PC-600: —196 to 150°C

I KFGS @Triaxial for boring method

KFGS-3-120-D28- 11 KFGS-1.5-120-D28- 11
16 16
23 23
27 27
| paten |

Triaxial, 0°/135°/90° plane arrangement Triaxial, 0°/135°/90° plane arrangement

Pattern

$19.8 12
3x2mm 1.5%x 1.3 mm
1200 120 Q
10 10
410 55
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
specify the model number as fO"OWS. Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) ) 1m L1M3S
~10 to 80°C 3m L3M3S
R e e
5m L5M3S
JT e y Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) Tm L1M2S
' KFGS-[_]-120-D28-[ ] L ) ot SO I L3M25S
k. ] 5m L5M2S
Mid-temperature 3-wire cable L-12 Tm R1M3
— ] E -100 to 150°C 3m R3M3
5m R5M3
Mid-temperature 2-wire cable L-11 Tm R1M2
KFGS'3‘120'D28‘11 L1M3S —-100 to 150°C 3m R3M2
5m R5M2
2 polyester-coated copper wires 5cm N5C2
H 30em -196 to 150°C 15 cm N15C2
30cm N30C2
Silver-covered copper wires ~196 to 150°C 25 mm
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Gages for Measuring Axial Tension of Bolt K F G

3

M Foil Strain Gages for

oG Fact T . . .
SSRiEsl _ Approx.1.9 Measuring Axial Tension of Bolt
® égg#fggﬁs |(?1e0§6rloEc>)<pan5|on 11 If it is difficult to bond a strain gage to the surface
_ ' of a bolt for measuring the tightening stress, these
Applicable Adhesives and gages enable measurement by embedding them

Operating Temperature Ranges

into a hole, 2 mm diameter, bored through the
EP-370: Room temp. to 50°C

top head of the bolt. They are applicable to

materials having a linear expansion coefficient
of 11 x10-¢/°C.

I KFG euniaxial

e i— (s
KFG-3-120-C20- 1" KFG-1.5-120-C20- 11
Pattern Uniaxial Uniaxial
Base 115%x 1.9 mm 5x¢1.9 mm
Grid 3 x Approx. 6 mm 1.5 x Approx. 6 mm
Resistance 120 Q 120 Q
Pieces per Pack 5 5

When ordering, Lead-wire Cable Type and Shape Oprg. Temp.
specify the model number as follows. Polyester-coated copper wires (¢0.14) 5 cm long

Normal temp. to 50°C

.........................................

KFG-3-120-C20-11

*We are able to mount and calibrate strain
gages for measuring axial tension of bolts to
your specified bolts.

For details, please contact Kyowa or our
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Gages for General Stress Measurement K F GT

Gage lead 1 connected . Foil Strain Gages c €
1 Lead stopper T-type thermocouple Cu & (Brown) .
— ! == S with a Temperature Sensor
1 —1( ¢ yp P! (Gold)
= e =\ ;t Gageleag 2 (Green) The KFGT gages are foil strain gages
G, 1 age lea reen i "
Sensing point of T-type Gage leads 2 and 2' connected SEalE) (R Incorporatl ng a T_type thermocouple

thermocouple Soldered

for simultaneous measurement of
strain and temperature. They ensure

Applicable Adhesives and efficient strain measurement under
® Gage Factor Approx. 2.1 Operating Temperature Ranges environments where temperature
@ Applicable Linear Expansion CC-33A: -10to 120°C change or temperature gradient
Coefficients (10°/°0) 11, 16} 225, 2 CC-35: ~10t0 120°C S
: . requires simultaneous measurement
@ Self-temperature- CC-36: ~10t0 100°C

10to 100°C EP-340° —10 to 120°C of strain and temperature. They also
provide highly precise compensation
of thermally-induced apparent strain.
® Accuracy Within £1.5 °C It is recommended to use Kyowa data
logger UCAM-60B and UCAM-65B as a
measuring instrument.

compensation Range

® Temperature Sensor  T-type thermocouple

I KFGT euniaxial

KFGT-5-120-C1- 11 KFGT-2-120-C1- 11
16 16
23 23
27 27
Uniaxial, 3 wires Uniaxial, 3 wires

10 x 4.5 mm 7 x 4.5 mm
5x 2.1 mm 2x1.8mm
1200 120Q
5 5

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
specify the model number as follows, = 3 Polvesteroated copper wires
=3 , —10 to 120°C 1m N1M3
 KFGT-[]-120-C1-[] |
] | | Standard accessories Optional accessories
Lead-wire stopper to prevent Extension Lead-wire cables
damage to the gage Dimensions (mm) Quantity
Model [/ gth | Width |Thickness | per Pack | Remarks
NT-1M 1000 With gage
KFGT-5-120-C1-11 N1M3 NT-2M | 2000 | 7.2 | 12 5 | terminal
NT-4M 4000 T-F25
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® Gage Factor

Approx. 1.9 to 2.1

@ Applicable Linear Expansion
Coefficients (x10°/°C)

11,16, 23

@ Self-t

compensation Range

emperature- 010 150°C

Applicable Adhesives and

M Foil Strain Gages

3

The KFR series foil strain gages are durable and
easy-to-use high-grade strain gages. The gage
element is sandwiched between a heat-resistant
polyimide base and cover, thereby letting it
exhibit high performance in a wide temperature

range.

@Highly heat-resistant polyimide resin is used

to make them durable.

@A wide compensated temperature range of
0 to 150°C makes them usable under diver-

sified operating conditions.

@The resistive element is made of NiCr alloy

Operating Temperature Ranges

foil, thereby ensuring minimal drift under

CC-33A: =196 to 120°C .
CC-35: —30to 120°C high te_mperatu['es and excellent weather
CC-36: —30to 100°C and moisture resistances.
EP-340: —55 to 150°C @Suitable for incorporation into transducers
PC-600: —196 to 150°C
pe S O d G ode O eald S dple S d eQ O e da(e
Type| 2 polyester-coated | 3 polyester-coated Vinyl-coated flat Vinyl-coated flat Mid-temperature | Mid-temperature
copper wires copper wires* 2-wire cable 3-wire cable 2-wire cable 3-wire cable
Length C1,D25 C1,D25 C1 D25 Cc1 D25 C1,D25 C1,D25
15cm N15C2 N15C3 L15C2R L15C2S L15C3R L15C3S R15C2 R15C3
30 N30C2 N30C3 L30C2R L30C2S L30C3R L30C3S R30C2 R30C3
m N1M2 NTM3 LTM2R LTM2S LTM3R LTM3S R1M2 R1M3
3 L3M2R L3M2S L3M3R L3M3S R3M2 R3M3
5 L5M2R L5M2S L5M3R L5M3S R5M2 R5M3
Operating temp. -196 to 150°C -10to0 80°C -100 to 150°C
Twisted for =50 L-6 L-7
Remarks (There are exceptions.) -9 for=6m L-10for=6m L-1 L-12

* For the other types of lead-wire cables, please contact us.
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. KFR @Uniaxial, Triaxial

Pattern

Gage Factor
Base

Grid
Resistance

Pieces per Pack

Pattern
Gage Factor
Base

Grid
Resistance

Pieces per Pack

Pattern
Gage Factor
Base

Grid

Resistance

Pieces per Pack

4

8

= 5 — Eie——
KFR-5-120-C1- 1" KFR-2-120-C1- 11 KFR-1-120-C1- 1"
16 16 16
23 23 23
Uniaxial Uniaxial Uniaxial
Approx. 2.1 Approx. 2.1 Approx. 2.1
10 x 3.7 mm 6 x3.7mm 4 x 2.7 mm
5x2.5mm 2x2.5mm 1x1.5mm
120 Q 120 Q 120 Q
10 10 10
@: B [
KFR-05-120-C1- 1 KFR-02-120-C1- 1" KFR-02N-120-C1- 1"
16 16 16
23 23 23
Uniaxial Uniaxial Uniaxial
Approx. 2.1 Approx. 2.1 Approx. 1.9
3.3 x2.7mm 25x2.2mm 1.6x1.2mm
05%x1.4mm 0.2x 1 mm 0.2x0.9mm
120 Q 120 Q 120 Q
10 10 10
) ) ——
KFR-1-120-D25- 11 KFR-05-120-D25- 11  KFR-5-350-C1- 1
16 16 16
23 23 23
Triaxial, 0°/90°/45° Triaxial, 0°/90°/45° Uniaxial
Approx. 2.1 Approx. 2.1 Approx. 2.1
8 67.5 10 x 3.7 mm
1x1.5mm 0.5x 1.4 mm 5x 2.4 mm
120 Q 120 Q 350 Q
5 5 10




. KFR ®@Uniaxial, Triaxial

KFR-2-350-C1- 1 KFR-1-350-C1- 1" KFR-05-350-C1- 1"

16 16 16
23 23 23

Pattern Uniaxial Uniaxial Uniaxial

Base 6 x3.7mm 4 x 2.7 mm 3.5x 2.7 mm

Grid 2 x2.4mm 1x1.5mm 0.5%x 1.5 mm

Resistance 3500 3500 350 Q

Pieces per Pack 10 10 10

KFR-02-350-C1- 11

KFR-1-350-D25- 1"

KFR-05-350-D25- 11

16 16 16
23 23 23
Pattern Uniaxial Triaxial, 0°/90°/45° Triaxial, 0°/90°/45°
Base 3 x2.7mm ¢8 ¢7.5
Grid 0.2 x 1.5 mm 1x1.5mm 0.5x 1.5 mm
Resistance 350 Q 350 Q 350 Q
Pieces per Pack 10 5 5

When ordering,
specify the model number as follows.

.........................................

.........................................

KFR-5-120-C1-11 LIM3R

Lead-wire Cable Type and Shape Oprg. Temp.

Length

Code

Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L1M3R.L1M3S
EE? or -10 to 80°C 3m L3M3R§L3M3S
5m L5M3R:L5M
Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m L1TM2R:L1M2S
— —10 to 80°C 3m L3M2R:L3M2S
= 5m L5M2RL5M2S
Mid-temperature 3-wire cable L-12 1m R1M3
or % -100t0 150°C __ 3 m R3M3
5m R5M3
Mid-temperature 2-wire cable L-11 m R;M%
J— \ —-100 to 150°C 3m R3M
— = 5m R5M2
3 polyester-coated copper wires 30 cm
—| 30cm -196to 150°C 50 cm
RPN === 50 cm, 1 m im
2 polyester-coated copper wires 10 cm
\ 10cm, 30cm  ~196 to 150°C —=20<™
. ' 50 cm
—occooocoooooileo———_ 50cm, 1m Tm
Silver-covered copper wires ~196 to 150°C 25 mm

Strain Gages




. KFR @For concentrated stress measurement

Pitch: 0.5 mm

-

With polyester-coated copper wires

KFR-015-120-D9- 11
16

23

Uniaxial 5-element,

Patt
= for concentrated stress measurement

Approx. 1.95
6 x 3 mm
0.15 x 0.34 mm
1200

Pieces per Pack 5

When ordering,
specify the model number as follows.

Lead-wire Cable Type and Shape

2 polyester-coated copper wires

Pitch: 0.5 mm

With polyester-coated copper wires

KFR-015-120-D19- 11
16

23

Uniaxial 5-element,
for concentrated stress measurement

Approx. 1.95

6 x 3 mm

0.15 x 0.45 mm

120 O

5

Oprg. Temp. Length

-196 to 150°C 10 cm

\F 10 cm

.........................................

Code

N10C2

.........................................

KFR-015-120-D9 N10C2
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Waterproof Strain Gages

KFWB

CED®

® Gage Factor Approx. 2.1 B Waterproof Foil Strain Gages
@ Applicable Linear Expansion ‘3 The §urface of the KFWB series foil strain gage is covered with a
Coefficients (x10°/°C) 11,16, special waterproof resin. The waterproof structure enables these
@ Self-temperature- 5 S gages to serve for outdoor or underwater measurement merely
(o

by being bonded to measuring objects. (The insulation resistance
shows virtually no deterioration even after 100 hours of use
under an underwater pressure of approximately 10 MPa.) In
addition, the covering resin is flexible enough to enable easy
bonding to curved surfaces.

compensation Range

Applicable Adhesives and
Operating Temperature Ranges
CC-33A: —10to 80°C
CC-36: -10to 80°C
EP-340: -10to 80°C

P g d codes of lead e cables pre-attached to B series gage
Type Vinyl-coated flat 2-wire cable Vinyl-coated flat 3-wire cable
Length 1 D16,D17 @ D16,D17
15cm L15C2R L15C2S L15C3R L15C3S
30 L30C2R L30C2S L30C3R L30C3S
m LTM2R LTM2S LTM3R LTM3S
3 L3M2R L3M2S L3M3R L3M3S
5 L5M2R L5M2S L5M3R L5M3S
Operating temp. -10to0 80°C
Remarks L9 for26m 10for=6m

*For the other lead-wire cables, please contact us.

. KFWB @Uniaxial, Biaxial

\
(=t

[ A
= =5

KFWB-5-120-C1- 11 KFWB-2-120-C1- 11 KFWB-5-120-D16- 11
16 16 16
23 23 23

Uniaxial Uniaxial Biaxial, 0°/90° stacked rosette
30x 12 mm 30x 12 mm 21 x 18 mm
i 5x 1.4mm 2x1.2mm 5x 1.4mm
120 Q 120 Q 120 Q
10 10

When ordering,
specify the model number as follows.

.........................................

Lead-wire Cable Type and Shape Oprg. Temp. Length Code
Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1M3R:.L1M3S
~10 to 80°C 3m  L3M3RiL3M3S
o E 5m _ L5SM3RIL5M3S
Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) Tm L1M2 REL1 M2S
- —10 to 80°C 3m  L3M2RL3M2S
5m__ L5M2RIL5M2S

KFWB-5-120-C1-11 L1M3R
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. KFWB @Uniaxial, Biaxial, Triaxial

KFWB-2-120-D16- 11 KFWB-5-120-D17- 11 KFWB-2-120-D17- 11

16 16 16
23 23 23
Pattern Biaxial, 0°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette
Base 21 x 18 mm 21 x 18 mm 21 x 18 mm
Grid 2x1.2mm 5x 1.4 mm 2x1.2mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 5 5 5

KFWB-5-350-C1- 11 KFWB-2-350-C1- 11 KFWB-5-350-D16- 11

16 16 16
23 23 23
Pattern Uniaxial Uniaxial Biaxial, 0°/90° stacked rosette
Base 30x 12 mm 30x 12 mm 21 x 18 mm
Grid 5x2mm 2 x2mm 5x2mm
Resistance 350 Q 350 Q 350 Q
Pieces per Pack 10 10 5

KFWB-2-350-D16- 11 KFWB-5-350-D17- 11 KFWB-2-350-D17- 11

16 16 16
23 23 23
Pattern Biaxial, 0°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette
Base 21 x 18 mm 21 x 18 mm 21 x 18 mm
Grid 2x2mm 5x2mm 2x2mm
Resistance 350 Q 350 Q 350 Q

Pieces per Pack 5 5 5




Waterproof Strain Gages KFWS

Applicable Adhesives and B Small-sized Waterproof c €
® Gage Factor Approx. 2.1 Operating Temperature Ranges  Foil Strain Gages
Oé\ppfl;_ca_ble Linear Expansion 1, ;¢ 53 CC-33A: ~1010 80°C The KFWS series foil strain gages are
oefficients (x10°/°Q (C-36: ~1010 80°C small-sized waterproof gages suitable for
. gelrf;terngg;a';‘ug-n 1010 80°C outdoor or underwater strain measurement
ompensatio 9g¢ where gage bonding space is limited.
The waterproof resin is as thin as 1.3 mm,
making them flexible enough to be bonded
to a curved surface of 10 mm diameter.
Type Vinyl-coated flat 2-wire cable Vinyl-coated flat 3-wire cable
Length C1 D16 c1 D16
15cm L15C2R L15C2S L15C3R L15C3S
30 L30C2R L30C2S L30C3R L30C3S
Tm LTM2R LTM2S LTM3R L1M3S
3 L3M2R L3M2S L3M3R L3M3S
5 L5M2R L5M2S L5M3R L5M3S
Operating temp. -10to0 80°C
L-6 L-7
S L-9for=6m L-10 for=6 m

* For the other lead-wire cables, please contact us.

. KFWS @Uniaxial, Biaxial _

@&
==

E
N —

KFWS-2N-120-C1- 11 KFWS-2-120-D16- 11
16 16
23 23

Uniaxial Biaxial, 0°/90° stacked rosette
15 x 6 mm 15x 12 mm
2 x0.84 mm 2x1.2mm

120 Q 120 Q
10 10

Whe.n orderlng, Lead-wire Cable Type and Shape Oprg. Temp. Length Code

Spequ the mOdeI number as fOIIOWS- Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1 M3RL1 M3S
e < zE\E -10to 80°C 3m L3M3R§L3M3S
KFWS'D'120'D'D : 5m L5M3REL5M3S
L p Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) Tm L1M2RIL1M2S

—10 to 80°C 3m  L3M2RL3M2S
5m  L5M2RIL5M2S

Strain Gages

KFWS-2N-120-C1-11 LIM3R




Waterproof Strain Gages

O Bonding Methods and B Weldable Waterproof Foil
age Factor Approx.2.2  Qperating Temperature Ranges Strain Gages
([ éppli_ca!ble Lineirfxpansion 1 Spot welding: —20 to 100°C The KCW series foil strain gages are
oefficients (x10%/°C) i i
® Self-temperature- 10t090°C WeIc!abIe gages, which do not reql_Jlre any
compensation Range coating treatment for use under high
@ Flange Size 21x5%0.1mm pressure or under water.
The G10 type endures a water pressure of
approximately 10 MPa.
Type Chloroprene-coated 3-wire cable
Length G10
15cm G15C3S
30 G30C3S
Tm G1M3S
3 G3M3S
5 G5M3S
Operating temp. -20to 100°C

* For the other lead-wire cables, please contact us.

I KCW euniaxial

Minimum radius of curvature: R20

—

“ KCW-5-120-G10-11

Uniaxial

21 x5 mm
5mm

1200
Pieces per Pack 2

When Or‘I:ierll'Igc,i : b oll Lead-wire Cable Type and Shape Oprg. Temp. Length Code

ify them number WS.
Spec fy e er as Tollows Chloroprene-coated 3-wire cable 1m G1M3S
A ----E Minimum radius of curvature: R20 ~20to 100°C 3m G3M35S
- KCW-5-120-G10-11 IEFREA | o SoM3S

.........................................

KCW-5-120-G10-11 G1M3S




Strain Gages for Concrete

® Gage Factor Approx. 2.1

@ Applicable Linear Expansion

Coefficients (x10¢/°c) M

@ Self-temperature-

compensation Range 0to 100°C

Applicable Adhesives and

Operating Temperature Ranges

CC-35: —10to 80°C

I KFGS @uUniaxial, Biaxial, Triaxial

KFGS

B General-purpose C € @

Foil Strain Gages
Listed here are the KFGS series gages with
a suitable lead-wire cable for strain
measurement of concrete.
*For the types and lengths of the lead-wire
cables, refer to page 23.

>
>

KFGS-30-120-C1-11

KFGS-20-120-C1-11

KFGS-10-120-C1-11

When ordering,

Pattern Uniaxial Uniaxial Uniaxial
Base 37 x5.2mm 28 x 8 mm 16 x 5.2 mm
Grid 30 x 3.3 mm 20 x 5 mm 10 x 3 mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
KFGS-10-120-D16-11 KFGS-10-120-D17-11
ecrflel] (ROMEYRE Triaxial, 0°/90°/45° stacked rosette
Pattern Biaxial, 0°/90° stacked rosette for stress analysis
Base ¢21 ¢21
Grid 10 x 3 mm 10 x 3 mm
Resistance 120 Q 120 Q
Pieces per Pack 10 10
Lead-wire Cable Type and Shape Oprg. Temp. Length Code
Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L 1M3R:L1M3S
: = — ~10t0 80°C 3m__L3M3RL3M3S
specify the model number as follows. ~— ——————F——= 5m _ L5M3RIL5M3S
________________________________________ Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m LTM2R:L1M2S
1 1 — —-10 to 80°C 3m | 3SM2R:L3M2S
] e e Lead-wire [ Ve — 5m | SM2R:LEM2S
] KFGS |:| 120 |:| 1 1 E Mid-temperature 3-wire cable L-12 1m R1M 3
"""""""""""""""""""""""" — . = -100t0 150°C __3m R3M3
5m R5M3
Mid-temperature 2-wire cable L-11 m R1M %
-100 to 150°C 3m 3M
KFGS-30-120-C1-11 LIM3R 5m R5M 2

Strain Gages




Strain Gages for Concrete

Applicable Adhesives and B Wire Strain Gages
g el ApProx. 2.1 Operating Temperature Ranges  Featuring a longer gage length, the KC
® Applicable Linear Expansion 1 CC-35: =30 to 120°C series gages are wire strain gages suitable
Coefficients x10°/°Q for mean strain measurement of concrete
® Self-temperature- 1010 60°C under test. Usually, a model with a gage
compensation Range length over 3 times longer than the

maximum diameter of the aggregate is
selected for the purpose.

pes, lengths and codes of lead-wire cables pre-attached to eries gage
Type|  Vinyl-coated flat 2-wire cable Vinyl-coated flat 3-wire cable
Length Al
15cm L15C2R L15C3R
30 L30C2R L30C3R
Tm L1M2R L1TM3R
3 L3M2R L3M3R
5 L5M2R L5M3R
Operating temp. -10to 80°C
Remarks L9 for26m L10for=6m

* For the other lead-wire cables, please contact us.

I KC euniaxial

I 1
———
| = —
KC-120-120-A1-11

I -t
— | — 7 KC-80-120-A1-11
I
| B
= | \—Lig_—_\ KC-70-120-A1-11

| I
—< | — —— "% 7] KC-60-120-A1-11
m KC-120-120-A1-11  KC-80-120-A1-11  KC-70-120-A1-11 KC-60-120-A1-11
Uniaxial Uniaxial Uniaxial Uniaxial
132 x 6mm 95 x 8 mm 80 x 7.5 mm 74 x 8 mm
120 x 0.6 mm 84 x 0.6 mm 67 x 0.6 mm 60 x 0.6 mm
120 Q 120 Q 120 Q 120 Q

10 10 10 10

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
0 inyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1TM3R
specify the model number as follows. ™
pecify J———————— T STIEE
: ----------------------------------- —— -‘I A B — 5m L5 M3 R
1 KC'D' 1 2 O'A 1 = 1 1 E Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) Tm L1M2R
e S i -10 to 80°C 3m L3M2R

s s | e SN

5m L5M2R

Silver-covered copper wires
-196 to 150°C 25 mm




Strain Gages for Concrete

Operating Temperature Ranges  IlEmbedded Strain Gages

® Gage Factor Approx. 1.8,2.0 100 70°C The KM series gages are designed to be

® Applicable Linear Expansion 1 embedded in mortar or concrete for the
Coefficients (x10°/°0 purpose of measuring internal stress.

@ Self-temperature- 010 50°C To ensure better adhesion to mortar or the

compensation Range like, the KM series gages feature a specially
treated surface. They also provide suitable
waterproofness and elastic modulus for the

intended purpose.

Type| KM-30 Vinyl-coated flat 2-wire cable | KM-120 Vinyl-coated flat 3-wire cable
Length H1 H2

Tm Y1M2 W1M3

3 Y3M2 W3M3

5 Y5M2 W5M3
Operating temp. -10to 70°C

* For the other lead-wire cables, please contact us.

KM euniaxial

KM-30-120-H1-11

KM-120-120-H2-11

KM-30-120-H1-11 KM-120-120-H2-11
e ~Uniaxial, foil strain gage _Uniaxial, wire strain gage
with vinyl-coated flat 2-wire cable with vinyl-coated flat 3-wire cable
Gage Factor Approx. 1.8 Approx. 2.0
Base 30 x 9 x 3 mm 120 x 15 x5 mm
Grid 10 mm 70 mm
Resistance 120 Q 120 Q
Pieces per Pack 1 1

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length
q inyl- d flat 2-wire cable Tm Y1IM2
specify the model number as follows. V™"
pecify 10t070°C _ 3m Y3M2

: ----------------------------------- o E 5 m Y5M2
E KM'D'1 20'["1 1 E Vinyl-coated flat 3-wire cable Tm W1M3
----------------------------------------- ( -10 to 70°C 3m W3M3

— S5 T W5M3

KM-30-120-H1-11 Y1M2

wv
[
o)
©
O
=
©
—
=
wv




Strain Gages for Concrete KM C

Operating Temperature Ranges B Concrete-embedded Strain Gages

Room temperature to 70°C The KMC series gages are designed to measure self-shrinkage and
self-stress of cemented materials. They enable measurement of
high-strength and high-fluidity concrete immediately after placing.
They are also used effectively to check for cracks of cemented
materials.
Usually, a T-type thermocouple is installed near the gage, but the
KMC series H4-type gages do not require such installation since they
are equipped with a built-in thermocouple.

I KMC euniaxial

With vinyl-coated flat 3-wire cable

3 ¢
) (

With vinyl-coated flat 3-wire cable
T-type thermocouple built in

{Z’
KMC-70-120-H3 KMC-70-120-H4
batter Uniaxial, wire strain gage Uniaxial, wire strain gage
with vinyl-coated flat 3-wire cable 3 m long with vinyl-coated flat 3-wire cable 3 m long
Base 80 x 10 x2mm 80 x 10 x 2 mm
Grid 67 mm 67 mm
Resistance 120 Q 120 Q
Buitin Thermocouple — T
Pieces per Pack 1 1
When ordering,

specify the model number as follows.

.........................................

KMC-70-120-H3

(%)

8



Strain Gages KF RP
for Composite Materials and Plastics

Applicable Adhesives and M Foil Strain Gages
® Gage Factor Approx. 2.1 Operating Temperature Ranges for Composite Materlals
L4 éPP#Fé!b'e Linear Expansion | 3 ¢ o CC-33A: —196 10 120°C The KFRP series foil strain gages are
SEERNSE (C:(ngg :gg :Eg 15805 self-temperature-compensation gages
@ Self-temperature- 00 150°C ST L e (SELCOM gages) suitable for strain

compensation Range EP-340- —55 to 150°C measurement of composite materials

such as CFRP and GFRP. The special
gage pattern minimizes both the effect
of self-heating due to gage current and
the effect of reinforcement of
low-elasticity materials.

pe eng anaG ode O ead e aple pre-a a el O RP gage
Type|2 polyester-coated |3 polyester-coated Vinyl-coated flat Vinyl-coated flat Mid-temperature | Mid-temperature | Fluoroplastic coated
copper wires copper wires 2-wire cable 3-wire cable 2-wire cable 3-wire cable high/low-temp.
3-wire cable
Length C1,D22 C1,D22 c1 D22 C1 D22 C1,D22 C1,D22 C1,D22
15cm N15C2 N15C3 L15C2R L15C2S L15C3R L15C3S R15C2 R15C3 F15C3
30 N30C2 N30C3 L30C2R L30C2S L30C3R L30C3S R30C2 R30C3 F30C3
Tm N1M2 N1M3 LTM2R LTM2S LTM3R LTM3S R1M2 R1M3 F1M3
3 L3M2R L3M2S L3M3R L3M3S R3M2 R3M3 F3M3
5 L5M2R L5M2S L5M3R L5M3S R5M2 R5M3 F5M3
Operating temp. -196 to 150°C -10to 80°C -100 to 150°C -196 t0 200°C
Remarks|  Twisted for=50 cm T W L-11 L-12 L-3

* For the other lead-wire cables, please contact us.%3852

. KFRP @Uniaxial, Triaxial _

A\

' KFRP-5-120-C1-

Uniaxial Uniaxial Triaxial, 0°/90°/45°

15 x5 mm 10 x 5 mm 19 x 19 mm
5 x 1.4 mm 2x1.2mm 5 x 1.4 mm
120 Q 120 Q 120Q
10 10 10

KFRP-2-120-C1- KFRP-5-120-D22-

OoOW=
OoOW=

Strain Gages




. KFRP @Uniaxial, Triaxial

|

WJF%V

KFRP-2-120-D22- 1 KFRP-5-350-C1- 1 KFRP-2-350-C1- 1
3 3 3
6 6 6
9 9 9
Triaxial, 0°/90°/45° plane arrangement Uniaxial Uniaxial
Base 15%x 15 mm 15 x5 mm 10 x 5 mm
Grid 2x1.2mm 5x 1.5mm 2x2.2mm
Resistance 120 Q 350 Q 350 Q
Pieces per Pack 10 10 10
R E—— T
T > WW
A l \
KFRP-5-350-D22- 1 KFRP-2-350-D22- 1
3 3
6 6
9 9
Pattern Triaxial, 0°/90°/45° plane arrangement  Triaxial, 0°/90°/45° plane arrangement
Base 19 x 19 mm 15 x 15 mm
Grid 5x 1.5mm 2 x2.2mm
Resistance 350 Q 350 Q
Pieces per Pack 10 10
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
q inyl- -wi 7 (L 1 :
Speley the model number as follows. Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1010 80°C ! m t;mgst;mgg
S 5m _ L5M3RL5M35
Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m L1M2R.L1M2S
g TR 3 —— - —-10 to 80°C 3m L3M2R:L3M2S
1 { I Lead-wire b 5m L5M2R:L5M2S
1 KFRP D D |:| |:| i Mid-temperature 3-wire cable L-12 1m R1M3
D ittt ( :Ez\ﬁ -100t0 150°C 3 m 3M3
) 5m R5M3
Mid-temperature 2-wire cable L-11 1m R1M2
-100 to 150°C 3m R3M2
5m R5M2
KFRP—5—1 20—(:1 —1 |_1 M3 R Fluoroplastic-coated high/low-temp. 3-wire cable L-3 1m F1M 3
:%:\5 -196 to 200°C 3m F3M 3
5m F5M3
3 polyester-coated copper wires 30 cm N30C3
E— 30cm -196t0 150°C _ 50 cm N50C3
TSRS \prezs=——==50 cm, 1 m 1m N1M3
2 polyester-coated copper wires 30 cm N30C2
s 30cm -196 to 150°C 50 cm N50C2
—occccococooabeoc——""50cm, 1 m 1m N1M2
Silver-covered copper wires ~196 to 200°C 25 (i




Strain Gages for Printed Boards KF Rs

® Gage Factor Approx. 2.0

@ Applicable Linear Expansion 13
Coefficients (x10°/°0)

@ Self-temperature- 23010 120°C

compensation Range

Applicable Adhesives and
Operating Temperature Ranges
CC-33A: -196to 120°C
CC-36: —30to 100°C

M Foil Strain Gages

for Printed Boards
PCB are used for varieties of
products including cellular
phones, car navigation systems
and digital cameras. To evaluate
the mechanical and thermal
characteristics of these PCB, the
KFRS gages were developed by
integrating the advantageous

3

@Dimensions of gage base (bondable
space to mounted components and
narrow parts) 1.2 mm long by 1.1 mm
wide (uniaxial), 2.5 mm long by 2.5
mm wide (biaxial or triaxial)

@Linear expansion coeffcient of
13 x 10¢/°C, suitable for
component-mounted boards

@Self-temperature-compensation range
expanded to —30 to 120°C to satisfy

PC-600° 196 to 150°C features of KFG and KFR gages. s e s e,
pe e O a G ode O €adl e e pre a eq O Jgage
Type| 2 polyester-coated | 3 polyester-coated Vinyl-coated flat Vinyl-coated flat Mid-temperature | Mid-temperature
copper wires copper wires 2-wire cable 3-wire cable 2-wire cable 3-wire cable
Length C1,D34,D35 | C1,D34, D35 (@] D34, D35 1 D34, D35 C1,D34,D35 | C1,D34,D35
10cm N10C2 N10C3
30 N30C2 N30C3 L30C2R L30C2S L30C3R L30C3S L30C2 R30C3
m N1M2 N1M3 LTM2R LTM2S LTM3R L1M3S R1M2 R1TM3
3 L3M2R L3M2S L3M3R L3M3S R3M2 R3M3
5 L5M2R L5M2S L5M3R L5M3S R5M2 R5M3
Operating temp. -196 to 150°C -101t0 80°C -100to 150°C
Remarks Twisted for = 50 cm L-6 L-7 L-11 | L-12

* For the other lead-wire cables, please contact us.

I KFRS @uniaxial

= =

5 times
enlarged view

[
o= =—— -

10 times
enlarged view

KFRS-1-120-C1-13

KFRS-02-120-C1-13

Pattern Uniaxial Uniaxial
4 x1.4mm 1.2x 1.1 mm
1 x0.65 mm 0.2 x 0.8 mm
120 Q 120 Q
10 10
Lead-wire Cable Type and Shape Oprg. Temp. Length Code

Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) Tm L1M3R.L1M3S
. . e ~10to 80°C 3 i L3M3RE 13M3S
When ordering, ! : 5m__L5M3RIL5M3S
specify the model number as follows. " vinyl-coated flat 2-wire cable L6 (L-9 for 6 m or longer) Tm __ LIM2RLTM2S
e -10to 80°C 3m L3M2R:L3M2S
5m L5M2RL5M2S
R L e T 3 Mid-temperature 3-wire cable L-12 1m R1M3
] v ] = s -100 to 150°C 3m R3M3
 KFRS{J-120-C1-3 Bl | —————— Sm RoM3
N e e e e e e eeeeeeeeeaan ; Mid-temperature 2-wire cable L-11 1m R1M2
- -100 to 150°C 3m 3M2
5m R5M2
3 polyester-coated copper wires o 10 cm N10C3 n
= ~19610150C 35 cm N30C3 >
2 polyester-coated i 9 10 N10C2
KFRS-1-120-C1-13 LIM3R | _Zrebeersonsdconer v Sisstorsot o N10C2 s
Silver-covered copper wires ~196 to 150°C 25 mm g
wv
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. KFRS @Biaxial, Triaxial

5 times
enlarged
view

N\

-e
- I HWHH
R
AN

=Rl

@

|

5 times
enIarged
view

I KFRS-02-120-D34-13

KFRS-02-120-D35-13

Biaxial, 0°/90° plane arrangement

Triaxial, 0°/90°/45° plane arrangement

2.5%x2.5mm 25x25mm
0.2 x 0.8 mm 0.2 x 0.8 mm
120 0 120 0
; s
When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length Code
specify the model number as follows. Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m  LIM3RL1M3S
e -10 to 80°C 3m L3M3R:L3M3S
5m L5M3R§L5M3S
Tm L1M2R:L1M2S
-10t0 80°C 3m  L3M2RIL3M2S
5m L5M2R:L5M2S
Tm R1M3
-100 to 150°C 3m R3M3
5m R5M3
KFRS‘02'1 20‘ D35'1 3 L1 M3 R Mid-temperature 2-wire cable L-11 Tm R1M2
-100 to 150°C 3m R3M2
5m R5M2
~196 0 200°C 0™ N10C3
30 cm N30C3
2 polyester-coated copper wires ~196 to 200°C 10 cm N10C2
ks 30 cm N30C2
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Strain Gages for Plastics

KFP

M Foil Strain Gages c €
for Plastics

The KFP series foil strain gages provide an

Applicable Adhesives and
Operating Temperature Ranges

CC-33A: -20to 80°C

® Gage Factor Approx. 2.1

@ Applicable Linear Expansion 65

Coefficients (x10/°c) CC-35: ~20t0 80°C applicable linear expansion coeffcient of
@ Self-temperature- 1010 80°C E(F:’C?;ig _58 :([O §8°E 65 x 10°%/°C, which makes them suitable
compensation Range 2ab. ~2UT0 for strain measurement of plastics such as
acrylic resin.
pe S O d G ode O eadl e dple pre-a d eQ O P gage
Type 2 polyester-coated 3 polyester-coated Vinyl-coated flat Vinyl-coated flat
copper wires copper wires 2-wire cable 3-wire cable
Lengt Cc1
15cm N15C2 N15C3 L15C2R L15C3R
30 N30C2 N30C3 L30C2R L30C3R
m N1M2 N1M3 L1TM2R L1M3R
3 L3M2R L3M3R
5 L5M2R L5M3R
Operating temp. —20to 80°C -10to 80°C
] L- L-7
e Twisted for= 50 cm L-9 for62 6m L-10for=6 m

* For the other lead-wire cables, please contact us.

= ==l

I KFP euniaxial

KFP-5-120-C1-65

KFP-2-120-C1-65

KFP-5-350-C1-65

Pattern Uniaxial Uniaxial Uniaxial
Base 13x52mm 10 x 4.7 mm 13x5.2mm
Grid 5x2.5mm 2x2mm 5x 2.6 mm
Resistance 120 Q 120 Q 350 Q
Pieces per Pack 10 10 10

e w—

KFP-2-350-C1-65

Pattern Uniaxial
Base 10 x 5.2 mm
Grid 2x2.4mm
Resistance 350 Q
Pieces per Pack 10

Lead-wire Cable Type and Shape

Oprg. Temp.

When orderlng, Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m L1 M3R
specify the model number as follows.  — ~10t080°C 3 m L3M3R
pecify = = n EVES
________________________________________ Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m L1M2R
' ! ~10 to 80°C 3m | 3M2R
 KFP---C1-65 ] IEEEA S ———— =m 'SM2R
1 ! 3 polyester-coated copper wires 30 cm N30C3
S ERCEETLEE TP EEE P L P CEPEEEECEP PR Re it 30 cm ~20t080°C _ 50cm N50C3

ORISR preze=—— 50 cm, 1 m 1m N1M3 «

2 polyester-coated copper wires 30cm N30C2 81

i 30cm -20 to0 80°C 50 cm N50C2 &

KFP-5-120-C1-65 LTM3R —o—omomomoodeoe—_50cm, 1m m N1M2 2

Silver-covered copper wires o ‘©

PP -20t080°C  25mm g
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Strain Gages Ks P B
for Ultra-small Strain Measurements

B Semiconductor C E @

Approx. 125, Applicable Adhesives and

® Gage Factor 160, 235 Operating Temperature Ranges Strain Gages
@ Applicable Linear Expansion o %%-_332/8 :gg :Eg ] égog The KSPB series gages are stable-performance
Coefficients (x10°/°C) - ° semiconductor strain gages usable for general stress
measurement and transducers. The F2 type has a
® Self-temperature- 20 to 70°C* half-bridge formed with a 2-element structure (positive
compensation Range and negative) for self-temperature compensation and is
*KSPB-3-120-F2-110nly suitable for strain measurement of steel products.

I KSPB @uniaxial, Uniaxial 2-element

S— —5 .

[ KsPB-2-120-E3 KSPB-2-120-E4 KSPB-6-350-E4

Uniaxial Uniaxial Uniaxial
Approx. 125 Approx. 125 Approx. 125

5x3mm 7.7 x 4 mm 13x5mm

2 x0.25 mm 2 x 0.26 mm 6x0.27 mm
Resistan 120 0 120 Q 3500

ce
Pieces per Pack 4 4 4

— 4§

KSPB-1-350-E4 KSPB-2-1K-E4 KSPB-3-120-F2-11
Pattern Uniaxial Uniaxial Uniaxial 2-element
Gage Factor Approx. 160 Approx. 170 Approx. 235
Eoeaon o — — 1.7
ompentaionfenge — — 20to 70°C
Base 6.6 x4 mm 7.7 x4 mm 10 x 4 mm
Grid 1%x0.25 mm 2x0.2mm n:3x0.83mm p:3x0.47 mm
Resistance 350 Q 1000 Q 120 Q
Pieces per Pack 4 4 2

. Lead-wire Cable Type and Shape Oprg. Temp.
When orde"ng’ Silver-covered copper wire .
specify the model number as follows. gl
25 9 Silver-covered copper wires

-50to 150°C

.........................................

KSPB-2-120-E3

Silver-covered copper wires

-50to 150°C

()]
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Strain Gages Ks N
for Ultra-small Strain Measurements

= Applicable Adhesives and M Self-temperature-compensation
Approx. —100, . o g
® Gage Factor ~110 Operating TemperatureRanges  Semiconductor Strain Gages

: : : CC-33A: -50to 120°C The KSN series gages use an n-type silicon as
® Applicable Linear Expansion 1,16 CC-36: —30to 100°C the resistive element to control the resistance

Coefficients (x10¢/°c)

temperature coefficient of the material

® Self-temperature- 20to 70°C according to the linear expansion coefficient
compensation Range of the measuring object. Thus, the change of

thermally-induced resistance is minimized.

BEKSN @uniaxial, siaxial

=T
KSN-2-120-E3- 1 KSN-2-120-E4- 1" KSN-2-120-E5- 1"
16 16 16

Pattern Uniaxial Uniaxial Uniaxial
Gage Factor Approx. =100 Approx. -100 Approx. =110
Base 5x3mm 7.7 x 4 mm =
Grid 2x0.3mm 2x0.3mm 2x0.3mm
Resistance 120 Q 120 O 120 Q
Pieces per Pack 4 4 4

? W
)

KSN-2-120-F3- 11 KSN-6-350-E4- 1
16 16

Pattern Biaxial, 0°/90° Uniaxial
Gage Factor Approx. =100 Approx. —=100
Base d11 13 x5 mm
Grid 2x 0.3 mm 6 x0.3Tmm
Resistance 120 Q 350 Q
Pieces per Pack 2 4

specify the model number as follows. 50 to 150°C
eno000 e $
] ! :
----------------------------------------- | Oxygen-free tin-plated copper wires . Lg
KSN-2-120-E3-11 ~501t0 150°C :
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Strain Gages Ks P H
for Ultra-small Strain Measurements

Applicable Adhesives and B High-output Semiconductor
® Gage Factor Approx. 170 Operating Temperature Ranges  Strain Gages
CC'333125 —gg to 188:C The KSPH series gages have high resistance,
Geeler S0t TeHE thereby making high excitation voltage

applicable to obtain high output voltage.

I KSPH euniaxial

— =7
' KSPH-4-2K-E4 KSPH-9-10K-E4
Uniaxial Uniaxial
11 x 4mm 16 x 5 mm
4x0.73 mm 9 x 0.58 mm
2000 O 10000 Q
4 3

. Lead-wire Cable Type and Shape Oprg. Temp.
When Orderlng, Silver-covered copper wires
specify the model number as follows.

-50to 150°C

.........................................

.........................................

KSPH-4-2K-E4
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Strain Gages Ks P L
for Ultra-small Strain Measurements

Applicable Adhesives and M UIltra Linear Semiconductor
® Gage Factor Approx. 90 Operating Temperature Ranges Strain Gage
CC-33A1 =500 120°C The KSPL gage features a superior linearity

deeies —20To U of resistance change against strain in a

comparatively wide range, thereby making
it suitable as a sensing element of
transducers.

I KSPL euniaxial

—

KSPL-7-60-E4

Uniaxial

14 x5 mm

7 x 0.28 mm
600

s

. Lead-wire Cable Type and Shape Oprg. Temp.
When Orderlng, Silver-covered copper wires

specify the model number as follows. —30t0 150°C

.........................................
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High-temperature Gages

A Applicable Adhesives and || Hig h-temperature
pprox. 1.85 .
® Gage Factor (350°C) Operating Temperature Ranges Foil Strain Gages
PI-32: —30t0 350°C The base is made of highly heat-resistant
polyimide and the gage element is made
of NiCr alloy foil, thereby letting the KFU
gages exhibit superior characteristics over
a wide temperature range.
*Please use KFU for short period testing.
E.g. 72 hours or less at 350°C, 360 hours
or less at 300°C, adhesive PI-32 (It changes
depending on the condition.)

@ Applicable Linear Expansion
Coefficients (x10°/°0) 1, Ve 22

@ Self-temperature- °
compensation Range (it st

pes, lengths and codes of lead e cables pre-attached to gage
Type High/low-temp. 3-wire cable
Length C1,D16,D17
15cm H15C3
30 H30C3
Tm H1M3
3 H3M3
5 H5M3
Operating temp. -30to 350°C
Remarks L-17

* For the other types of lead wire-cables, please contact us.

B KFU @Uniaxial Biaxial

oa— Ee—

KFU-5-120-C1- 11 KFU-2-120-C1- 11 KFU-5-120-D16- 11
16 16 16
23 23 23
Uniaxial Uniaxial Biaxial, 0°/90° stacked rosette

10 x 3.7 mm 6 x 3.7 mm ¢11
5x 2.5 mm 2 x2.5mm 5x 1.4 mm
120 Q 120 Q 120Q

| pieces per ack | 10 10 10

When ordering, Lead-wire Cable Type and Shape Oprg.Temp.  Length Code
specify the model number as follows. = High/low temp. 3-wire cable L-17 1m H1M3

a%ﬁ Bl ™ H3M3
; —— 5m H5M3
E KFU'D'1 ZO'D'D E Advanced ribbon cable

----------------------------------------- j — -30t0350°C 25 mm




I KFU @uniaxial, Biaxial, Triaxial

N

KFU-2-120-D16- 1" KFU-5-120-D17- 11 KFU-2-120-D17- 11

16 16 16
23 23 23
Biaxial, 07/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette
Base ¢8 o111 ®8
Grid 2x1.2mm 5x1.4mm 2x1.2mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10

KFU-5-350-C1- 1" KFU-2-350-C1- 1 KFU-5-350-D16- 1"

16 16 16
23 23 23

Pattern Uniaxial Uniaxial Biaxial, 0°/90° stacked rosette

Base 10 x 3.7 mm 6 x 3.7 mm d11

Grid 5x 2.4 mm 2x2.4mm 5x2mm

Resistance 350 Q 350 Q 350 Q

Pieces per Pack 10 10 10

KFU-2-350-D16- 11 KFU-5-350-D17- 11 KFU-2-350-D17- 1"

16 16 16
23 23 23
Pattern Biaxial, 0°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette  Triaxial, 0°/45°/90° stacked rosette
Base »10 d11 10
Grid 2x2mm 5x2mm 2x2mm
Resistance 3500 3500 350 Q
Pieces per Pack 10 10 10
When ordering, Lead-wire Cable Type and Shape Oprg.Temp.  Length Code
specify the model number as follows. = High/low temp. 3-wire cable L-17 Tm H1M3

e 010350C_ 3m H3M3
s 5m H5M3
KFU'D'D'D'D E Advanced ribbon cable

----------------------------------------- j — -30t0 350°C 25 mm

KFU-5-350-C1-11 H1M3

wv
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High-temperature Gages

Applicable Adhesives and B High-temperature
Approx. 2.0 . T 0
® Gage Factor (350°C) Operating Temperature Ranges Foil Strain Gages
Spot welding: -50 to 350°C The G4 type KH gages are 350 Q gages
with a metal base which enables easy
mounting with a compact spot welder.

@ Applicable Linear Expansion 116
Coefficients (x10°/°0) !

° iglrﬁgz:\]sg?c?g;ulgnge 1010 300°C *Operating time (Depends on usage
conditions)
24 hours or less at 350°C
72 hours or less at 300°C
pes, lengths and codes of lead-wire cables pre-attached to KH gage
Type Glass-coated cable of 3 Ni-clad copper wires
Length G4
15cm D15C3
30 D30C3
1m D1M3
3 D3M3
5 D5M3
Operating temp. -50to 350°C

* For the other types of lead wire-cables, please contact us.

I KH euniaxial

KH-5-350-G4- 11
16
[ paten |

Pattern Uniaxial

30 x 8 mm
5x 1 mm
3500

5

When Ol'dering, Lead-wire Cable Type and Shape Oprg Temp Length Code
specify the model number as follows. Glass-coated cable of 3 Ni-clad copper wires 1m D1M3

%& —50 to 350°C 3m D3M3
'''''''''''''''''''''''''''' 1 5m D5M3

i KH'5'3 50'G4'|:| i Advanced ribbon cable

----------------------------------------- e, -50t0 350°C 25 mm

KH-5-350-G4-11 D1M3
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High-temperature Gages

P19 B High-temperature
@ Gageiacion (250°C) Foil Strain Gages
The base is made of highly heat-resistant
Coefficients (x10°/°C) polyimide and the gage element is made
@ Self-temperature- S — of NiCr alloy foil, thereby ensuring less
compensation Range ° thermal output and excellent temperature
characteristics.

@ Applicable Linear Expansion 11,16, 23

Applicable Adhesives and
Operating Temperature Ranges
(It changes depending on the condition.)
PC-600: =196 to 250°C up to 24 h at 250°C
EP-34B: —55 to 200°C up to 120 h at 200°C
PI-32: =196 to 250°C up to 24 h at 250°C

pes, leng and codes of lead e cables pre-attached to gage
Type High/low-temp. 3-wire cable Fluoroplastic-coated high/low-temp. 3-wire
Length C1,D25
15cm H15C3 F15C3
30 H30C3 F30C3
m H1M3 F1M3
3 H3M3 F3M3
5 H5M3 F5M3
Operating temp. -196 to 250°C -196 to 250°C
Remarks L-17 L-3

* For the other types of lead wire-cables, please contact us.

I KFH euniaxial

KFH-5-120-C1- 11 KFH-2-120-C1- 1" KFH-1-120-C1- 1"
16 16 16
23 23 23

Uniaxial Uniaxial Uniaxial
10 x 3.7 mm 6 x 3.7 mm 4 x 2.7 mm
5 x 2.5 mm 2 x2.5mm 1x1.5mm
120 Q 120 Q 120 Q
10 10 10
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. KFH @Uniaxial, Triaxial

Pattern
Base

Grid
Resistance

Pieces per Pack

Pattern

Base

Grid

Resistance

Pieces per Pack

When ordering,

..........

KFH-05-120-C1- 1" KFH-02-120-C1- 1" KFH-1-120-D25- 1"
16 16 16
23 23 23
Uniaxial Uniaxial Triaxial, 0°/90°/45°
3.3 x2.7mm 25x%x2.2mm ¢8
0.5%x 1.4 mm 0.2 x 1 mm 1%x1.5mm
120 Q 120 Q 120 Q
10 10 5
EBEe—— e
KFH-05-120-D25- 11 KFH-5-350-C1- 1" KFH-2-350-C1- 1"
16 16 16
23 23 23
Triaxial, 0°/90°/45° Uniaxial Uniaxial
¢7.5 10 x 3.7 mm 6 x 3.7 mm
0.5%x 1.4 mm 5x 2.4 mm 2x2.4mm
120 Q 350 Q 350 Q
5 10 10
Lead-wire Cable Type and Shape Oprg. Temp.  Length Code
specify the model number as follows, ~ High/low temp. 3-wire cable 117 Tm H1M3
_______________________________ S%R -196t0250°C__ 3m H3M3
] i 5m H5M3
KFH'D'D'D_D Fluroroplastic-coated high/low temp. 3-wire cable L-3 Tm F1M3
------------------------------- - ] \g -196t0250°C 3 m F3M3
“ : 5m F5M3

Advanced ribbon cable

-196 to 250°C 25 mm




B KFH eUniaxial Triaxial

e e e
KFH-1-350-C1- 1" KFH-05-350-C1- 1" KFH-02-350-C1- 1"
16 16 16
23 23 23
Pattern Uniaxial Uniaxial Uniaxial
Base 4 x 2.7 mm 3.5x2.7mm 3.0x 2.7 mm
Grid 1x1.5mm 0.5x%x 1.5 mm 0.2x1.5mm
Resistance 350 Q 350 Q 350 Q
Pieces per Pack 10 10 10

KFH-1-350-D25- 1" KFH-05-350-D25- 11

16 16
23 23
Pattern Triaxial, 0°/90°/45° Triaxial, 0°/90°/45°
Base ¢8 7.5
Grid 1x1.5mm 0.5x 1.5mm
Resistance 350 Q 3500
Pieces per Pack 5 5
When ordering, Lead-wire Cable Type and Shape Oprg.Temp.  Length Code
specify the model number as follows, = Migh/low temp. 3-wire cable 1-17 1m H1M3
e 19610250°C_ 3m H3M3
o . 5m H5M3
E KFH'D'3 50'|:|'|:| E Fluroroplastic-coated high/low temp. 3-wire cable L-3 Tm F1M3
----------------------------------------- B ] \g -196t0250°C 3 m F3M3
: ‘ ‘ 5m F5M3 g
Advanced ribbon cable 8
KFH-1-350-C1-11 H1IM3 — -196t0250°C 25 mm =
&




Low-temperature Gages KF L

o Applicable Adhesives and B Low-temperature c €
Gage Factor Approx. 2.1 Operating Temperature Ranges Foil Strain Gages
@ Applicable Linear Expansion 511 16.23 PC-600: -269 to 150°C The gage element is made of NiCr alloy, which exhibits
Coefficients (x10°/°C) L CC-33A: -196 to 120°C excellent characteristics under low-temperature
¥ _ EP-270: -269 to 30°C environments and is sandwiched between polyimde
ERIETIR T —-196 to 50°C films. Thus, the KFL series gages are suitable for strain

compensation Range

measurement of tanks and vessels containing
low-temperature liquids such as LNG and LPG.

pe S O a o ode O eadl e apilie pre-a a o O e S gage
Type 2 polyester-coated 3 polyester-coated Mid-temperature. Mid-temperature. Fluoroplastic-coated
copper wires copper wires 2-wire cable 3-wire cable high/low-temp. 3-wire cable
Length C1,D25
15cm N15C2 N15C3 R15C2 R15C3 F15C3
30 N30C2 N30C3 R30C2 R30C3 F30C3
m N1M2 N1M3 R1M2 R1M3 F1IM3
3 R3M2 R3M3 F3M3
5 R5M2 R5M3 F5M3
Operating temp. -196 to 150°C —-100 to 150°C —269 to 150°C
Remarks Twisted for =50 cm L-11 | L-12 L3

* For the other types of lead wire-cables, please contact us.

I KFL euniaxial

) = =
KFL-5-120-C1- 11 KFL-2-120-C1- 11 KFL-1-120-C1- 11
16 16 16
23 23 23
Pattern Uniaxial Uniaxial Uniaxial
Base 10 x 3.7 mm 6 x 3.7 mm 4 x 2.7 mm
Grid 5x2.5mm 2x2.5mm 1x1.5mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 10
. Lead-wire Cable Type and Shape Oprg. Temp. Length Code
When orde"ngl Fluroroplastic-coated high/low temp. 3-wire cable L-3 1m F1M3
; 1 ! \ s -269 to 150°C 3m F3M3
specify the model number as follows. - | — = FoEM3
D e R . Mid-temperature 3-wire cable L-12 1m R1M3
] e T | -100 to 150°C 3m R3M 3
. KFL-[]-120-C1-[] I | - \ 5m R5M3
N e emmaemaneann 4 Mid-temperature 2-wire cable L-11 1m R1M2
y —-100 to 150°C 3m R3M2
== = 5m R5M2
3 polyester-coated copper wires % 30 cm N30C3
i cm -196 to 150°C 50 cm N50C3
KFL—S"IZO_C’I_’VI F1M3 ORISR [przs=—=50 cm, 1 m Tm N1M3
2 polyester-coated copper wires 30 cm N30C2
= 30cm -196 to 150°C _ 50 cm N50C2
—eececaoooooal foo——" 50 cm, 1 m 1m N1M2
Silver-covered copper wires ~269 to 150°C 25 mm




. KFL @Uniaxial, Triaxial

KFL-05-120-C1- 1 KFL-02-120-C1- 1" KFL-1-120-D25- 1"
16 16 16
23 23 23
Pattern Uniaxial Uniaxial Triaxial, 0°/90°/45°
Base 3.3 x 2.7 mm 25x2.2mm 68
Grid 0.5x 1.4 mm 0.2 x 1 mm 1x1.5mm
Resistance 120 Q 120 Q 120 Q
Pieces per Pack 10 10 5
[%: {%:
KFL-05-120-D25- 11  KFL-5-350-C1- 11 KFL-2-350-C1- 11
16 16 16
23 23 23
Pattern Triaxial, 0°/90°/45° Uniaxial Uniaxial
Base ¢7.5 10 x 3.7 mm 6 x3.7mm
Grid 0.5x 1.4 mm 5x2.4mm 2x2.4mm
Resistance 120 Q 350 Q 350 Q
Pieces per Pack 5) 10 10
KFL-1-350-C1- 1 KFL-05-350-C1- 1" KFL-02-350-C1-
16 16
23 23
Pattern Uniaxial Uniaxial Uniaxial
Base 4 x2.7mm 3.5%x2.7mm 3x2.7mm
Grid 1x1.5mm 0.5x%x 1.5 mm 0.2x 1.5mm
Resistance 3500 3500 3500
Pieces per Pack 10 10 10
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. KFL @Triaxial, Uniaxial for concrete and lumber

KFL-1-350-D25- 11 KFL-05-350-D25- 11

16 16
23 23

Pattern Triaxial, 0°/90°/45° Triaxial, 0°/90°/45°

Base 8 ¢7.5

Grid 1x1.5mm 0.5 x 1.5 mm

Resistance 350 Q 350 Q

Pieces per Pack 5 5

=

KFL-30-350-C1-

5

Uniaxial

(For concrete and lumber)

36 x 5.2 mm

30 x 2.7 mm

350 Q

Applicable Linear

5 (lumber)

11 (concrete)

Pieces per Pack 10

When ordering,
specify the model number as follows

~
M
-
[
w
Ul
S
[
]
c3
ng
£

KFL-5-120-C1-11 F1IM3

Lead-wire Cable Type and Shape Oprg. Temp. Length Code
Fluroroplastic-coated high/low temp. 3-wire cable L-3 1m F1M3
] ] \ e —-269 to 150°C 3m F3M3
: 1 | — — 5m F5M3
Mid-temperature 3-wire cable L-12 1m R1M3
5 i -100t0 150°C __ 3 m R3M 3
0 \ 5m R5M3
Mid-temperature 2-wire cable L-11 1m R1M2
= \ —100 to 150°C 3m R3M2
1 = 5m R5M2
3 polyester-coated copper wires 30 cm N30C3
) 30cm -196 to 150°C 50 cm N50C3
ORISR [przs=—=50 cm, 1 m Tm N1M3
2 polyester-coated copper wires 30 cm N30C2
————30cm -196 to 150°C _ 50 cm N50C2
—eececocececal boo——"50cm, 1 m 1m N1M2
Silver-covered copper wires _269 to 150°C 2 T




High-elongation Strain Gages KFE M

@ Resistance 120Q

® Gage Factor Approx. 2.0

® Operating &
Temperature Range VS

@ Strain Limit at 20 to 30%

Room Temperature

® Applicable Adhesive CC-36

B UItrahigh-elongation

Foil Strain Gages

KFEM series ultrahigh-elongation foil gages

allow strain to be measured on various

regions of structures, from elastic to plastic,
and are suitable for large strain

measurement. They can measure 20 to 30%

of material deformation.

*Strain limit of 20% to 30% is ensured for simple tension
applied to the gage bonded on stainless steel (SUS 304)
or aluminum alloy (A1050) at normal temperature.

*Strain limit will be decreased under the following
conditions.
¢ In case of bonding to non-adhesive materials such as

aluminum alloy (A7075) and plastics (Polypropylene)
e In case of the targets have discontinuous distortion,
or any crack on its surface
¢ In case of measurement at high/low temperature.

3

@®Measurement of 20 to 30%
material deformation
possible

@Laminate protruding from
the tip of gage base ensures
improved adhesive
property, making the gages
hard to peel off.

@Foil material has an
improved elongation
property and is hard to

pes, leng and codes of lead bles pre ached to gage
Type 2 polyester-coated Vinyl-coated flat Vinyl-coated flat
copper wires 2-wire cable 3-wire cable
Length (@]
15cm N15C2 L15C2R L15C3R
30 N30C2 L30C2R L30C3R
Tm N1TM2 LTM2R LTM3R
3 L3M2R L3M3R
5 L5M2R L5M3R
Operating temp. -10to 80°C
Remarks Twisted for = 50 cm L-9 f(l)_;62 6m L-10 fl(_)_r72 6m

* For the other types of lead wire-cables, please contact us.

I KFEM euniaxial

KFEM-10-120-C1

KFEM-5-120-C1 KFEM-2-120-C1 KFEM-1-120-C1

Pattern Uniaxial Uniaxial Uniaxial Uniaxial

Base 17.5 x 4.5 mm 11.5x3 mm 8.5x3 mm 7.0 x 2.5 mm
10 x 2.5 mm 5x 1.5 mm 2x1.5mm 1x 1.3 mm
120 Q 120 Q 1200 120 Q

10 10 10 10

When ordering Lead-wire Cable Type and Shape Oprg. Temp. Length Code
) ! Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m . 1M3R
specify the model number as follows. e -10to 80°C 3m 3M3R
________________________________________ - 5m 5M3R
1 _ ‘: (L-9 for 6 m or longer) Tm ] V2R
. KFEM-[J]-120-C1 | — o EEDEEEL
e i 2 polyester-coated copper wires 30 cm 30C2 o
| 30em -20 to 80°C 50 cm 50C2 &
—oocococooooallooc——"_ 50cm, 1m Tm 1M2 c
KFEM _2_1 20—C1 Silver-covered copper wires _20 to 80°C 25 mm g




High-elongation Strain Gages KFEL

® Gage Factor Approx. 2.1 B High-elongation Foil Strain Gages C €

Developed to measure strain in elastic to plastic regions on

® Resistance 1200 structures, the KFEL gages can measure strain as large as 10 to

@ Strain Limit at Room Temperature  10to 15%

15% with simple tension strain. Thus, these gages are applicable
for large strain measurement and destructive testing of metals

Applicable Adhesives and Operating Temperature Ranges  (steel, stainless steel and aluminum) and plastics (polyethylene

CC-36:-10to 80°C and polypropylene).
pe S O a o ode O eadl e apilie pre-a a o O gage
Type| 2 polyester-coated copper wires Vinyl-coated flat 2-wire cable Vinyl-coated flat 3-wire cable
Length C1,D34,D35 Cc1 D34, D35 C1 D34, D35
15cm N15C2 L15C2R L15C2S L15C3R L15C3S
30 N30C2 L30C2R L30C2S L30C3R L30C3S
m N1M2 LTM2R LTM2S LTM3R LTM3S
3 L3M2R L3M2S L3M3R L3M3S
5 L5M2R L5M2S L5M3R L5M3S
Operating temp. -10to 80°C
Remarks Twisted for = 50 =6 =
B L-9for=6m L-10for=6m

* For the other types of lead wire-cables, please contact us.

I KFEL euniaxial, Biaxial, Triaxial B 000

E%: @
I

KFEL-5-120-C1 KFEL-2-120-C1 KFEL-5-120-D34
Pattern Uniaxial Uniaxial Biaxial, 0°/90°
11x3.5mm 8 x 4 mm 13 x 13 mm
5x 2.1 mm 2x2.1mm 5x2.1mm
120 Q 120 Q 120Q
10 10 10

[ =2—= t e

KFEL-5-120-D35 KFEL-2-120-D35
Biaxial, 0°/90° Triaxial, 0°/90°/45° Triaxial, 0°/90°/45°
10 x 10 mm 13x 13 mm 10 x 10 mm
2x2.1mm 5x 2.1 mm 2x2.1mm
Resistance 120 Q 120 Q 120Q
Pieces per Pack 10 10 10
When ordering Lead-wire Cable Type and Shape Oprg. Temp. Length
'fy th ‘; | b foll Vinyl-coated flat 3-wire cable L-7 (L-10 for 6 m or longer) 1m 3R
spedi € model humiber as Tollows. e —-10 to 80°C 3m 3
s E 5m E
F T S ‘: Vinyl-coated flat 2-wire cable L-6 (L-9 for 6 m or longer) 1m 2R!
: KFEL_D_‘IZO_D E - —-10 to 80°C 22 %:
e ( 2 polyester-coated copper wires 30 cm 3
30cm —-10to 80°C 50 cm 5
—oooooooooooiyfoo—— 50cm, 1m Tm 1
Silver-covered copper wires ~10 to 80°C D win

KFEL-5-120-C1 L1M3R

N

8




Non-magnetoresistive Gages KF N

Applicable Adhesives and B Non-inductive c €
® Gage Factor Approx. 2.0 Qperating Temperature Ranges Foil Strain Gages
® Applicable Linear Expansion 11 16 23 PC-600: —196 to 150°C The gage element is made of a special
Coefficients (x10/°C) r CC-33A: -196 to 120°C alloy which provides less magnetoresistant

effect; also, the shape is designed to
eliminate induction.

Thus, the KFN series foil strain gages allow
the strain to be measured accurately under
AC magnetic environments.

@ Self-temperature- i
compensation Range 0to 150°C

Type Vinyl-coated low-noise 3-wire cable
Length C9,D20
15cm J15C3
30 J30C3
Tm JIM3
3 J3M3
5 J5M3
Operating temp. -101to 80°C
Remarks L-13

* For the other types of lead wire-cables, please contact us.

BEKEN @Uniaxial siacil

Aoonnsscssed b %Wﬁﬁﬂﬁﬁﬂﬁﬁﬂm e
Aeonmncosssmnans % brconosnssmnceos =4
LN
.

BN
e S g ]

KFN-5-350-C9- 11 KFN-2-350-C9- 11 KFN-5-350-D20-11 KFN-2-350-D20-11

16 16 16 16
23 23 23 23
Uniaxial Uniaxial Biaxial, 0%/90° plane arrangement ~ Biaxial, 0°/90 plane arrangement
12 x 10 mm 6 x5 mm 22x12mm 11 x 6 mm
5x 6.6 mm 2x3.5mm 5 x 6.6 mm 2x3.5mm

350 Q 3500 350 Q 350Q
10 10 5 5

When ordering, Lead-wire Cable Type and Shape Oprg.Temp.  Length [

SpeCify the model number as fO"OWS. Vinyl-coated low-noise 3-wire cable L-13 Tm J1IM3
-10 to 80°C 3m J3M3

5m J5M3

........................................ 3\)00< -196 to 150°C 25 mm
KFN-5-350-C9-11 JIM3
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Non-magnetoresistive Gages KF s

Applicable Adhesives and B Shielded c €

® Gage Factor Approx. 20,21 operating Temperature Ranges Foil Strain Gages
L4 égg#icgg%i(neirfxpanﬂon 11.16,23 PC-600: -196to 150°C The KFS series foil strain gages are

079 G S PO (208G shielded by copper foil covering the
@ Self-temperature- EP-340: -551t0 150°C y oppel 9

: 10 to 100°C whole body. Thus, if a large current

compensation Range
flows to or around the gage bonding

site, noise will be prevented from
entering the measuring circuit.

Type Vinyl-coated low-noise 3-wire cable
Length J1
15cm J15C3
30 J30C3
Tm JIM3
3 J3mM3
5 J5M3
Operating temp. -10to 80°C
Remarks L-13

* For the other types of lead wire-cables, please contact us.

I KFs euniaxial

SAY SIS

KFS-5-120-J1- 11 KFS-5-350-J1- 11
16 16
23 23
| paten |

lcoccoocsacss

18

Uniaxial Uniaxial

Pattern

Approx. 2.1 Approx. 2.0
15 x 10 mm 17 x 16 mm
5x1.4mm 5x 6.6 mm
1200 350Q

10 10

When ordering, Lead-wire Cable Type and Shape Oprg.Temp.  Length [

SpeCify the model number as follows. Vinyl-coated low-noise 3-wire cable L-13 Tm J1M3
T = 10t080°C _3m ___ J3M3

- KFS-5-0-)1-(] ‘ s

: A B A Cable Code ! 2 polyester-coated copper wires

----------------------------------------- 1 :ooooooooooooooo< ~-196to 150°C 25 mm

KFS-5-120-J1-11 JIM3
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for Hy KFV
for Hydrogen Gas Emvironment
Cce

® Gage Factor Approx. 2.5 M Foil Strain Gage for

Hydrogen Gas Environment
Applicable Adhesives and KFV is a foil strain gage that enables stable strain measurement
Operating Temperature Ranges under high-pressure hydrogen gas environments.

PC-600: -30 to 80°C

To Ensure Safe Usage
Before using KFV strain gages, request the leaflet and read thoroughly
the Safety Precautions described there.

I KFV euniaxial

' KFV-2-350-C1
B

Uniaxial

Pattern

Appror. 2.5
6x 5 mm
2x3.2mm

5500
Pieces per Pack 2

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length
i 2 polyester-coated i
specify the model number as follows. polyester-coate copp?rwwes 30t080°C '5

.........................................
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Bending Strain Measuring Gages KF F

® Gage Factor Approx. 2.1 M Foil Strain Gages for c €

Bending Strain Measurement
If measuring stress in box structures such as bridge girders, or in
high-pressure vessels that do not allow gages to be bonded directly
to the inside of the measuring object, the KFF series gages can be
bonded to the outside surface to obtain strain on the inside.

@ Applicable Linear Expansion
Coefficients (x10%/°C)

@ Self-temperature-
compensation Range

11,16, 23

20to 60°C

Applicable Adhesives and
Operating Temperature Ranges

CC-33A: -50to 80°C
EP-340: —50 to 80°C

I KFF euniaxial

1 mm thick 2 mm thick
KFF-30-350-C11- 11 KFF-30-350-C12- 11
16 16
23 23
Uniaxial 2-element Uniaxial 2-element
30x 7 x 1 mm 30x 7 x2mm

3500 3500
5 5

When ordering, Lead-wire Cable Type and Shape Oprg. Temp. Length
specify the model number as follows. Silver-covered copper wires

.........................................

—10to 80°C 25 mm

.........................................

KFF-30-350-C11-11

[0}

2



Gages with a Protector

B Foil Strain Gages with a Protector
The unique design simplifies gage bonding, wiring
and moisture-proofing work in the field.

In addition, the metal case protects the strain gage
and significantly improves reliability compared

® Gage Factor Approx. 2.1

Applicable Adhesives and
Operating Temperature Ranges

EP-340: —40 to 100°C
CC-33A: -40to 100°C

Q)
-tiav X

@

with conventional gages.
Using stud bolts and adhesive, allows the gages to
be mounted to the bottom or side plate of a tank
for strain measurement, to a hopper or tank for
weight measurement, to the shaft of a truck for
tare weight measurement or any other similar
applications where the gages need to be
protected against moisture, water or small stones.

)0

KCH-5A-B KCH-5A-S KCH-5A-1 KCH-5A-2 KCH-5A-3
KCH-5A-BJ KCH-5A-S)J
ot Full bridge Full b_ridge _ Uniaxial Biaxial, 0°/90° Triaxial, 0°/90°/45°
(For shearing strain) stacked rosette stacked rosette
Grid 2 mm 2 mm 5mm 5mm 5mm
Resistance 350 Q 350 Q 350 Q 350 Q 350 Q
Pieces per Pack Full bridge Full bridge 3-wire 3-wire 2-wire

Cable

When ordering, Model TN-29 | TN-30| TN-31] TN-32] TN-33
specify the model number as follows. Cable length om | 3m | 7m | 10m | 12m
1 Cable coverlength | 1.5m | 25m | 65m | 95m |115m

KCH-5A-B and S come with
special flexible vinyl-shielded
4-conductor (0.3 mm?) cable,
6.8 mm diameter by 10 m
long, bared at the tip.
KCH-5A-BJ and SJ come with
flexible vinyl-shielded

4-conductor (0.3 mm?) cable,

2 m long (cable cover 1.75 m
long) by 6.3 mm diameter
(10.2 mm including cable
cover) and terminated with
waterproof connector plug
(R04-P6-M6.8). Relay cables
(TN-29 to 33) are optional
accessories.

KCH-5A-B and S come with
special flexible vinyl-shielded
4-conductor (0.3 mm?) cable,
6.8 mm diameter by 10 m
long, bared at the tip.
KCH-5A-BJ and SJ come with
flexible vinyl-shielded
4-conductor (0.3 mm?) cable,
2 m long (cable cover 1.75 m
long) by 6.3 mm diameter
(10.2 mm including cable
cover) and terminated with
waterproof connector plug
(R04-P6-M6.8). Relay cables
(TN-29 to 33) are optional
accessories.

Special flexible vinyl-shielded
4-conductor (0.3 mm?) cable,
6.8 mm diameter by 10 m
long, bared at the tip.

Special flexible vinyl-shielded
6-conductor (0.3 mm?) cable,
6.8 mm diameter by 10 m
long, bared at the tip.

Special flexible vinyl-shielded
6-conductor (0.3 mm?) cable,
6.8 mm diameter by 10 m
long, bared at the tip.

[ ) Relay Cables (for KCH-5A-BJ/SJ) (Optional Accessories)

Remarks

(RO4-J6-F6.8)

With waterproof connector jack

Bared at the tip

wv
[
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O
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KCH-5A-B
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Embedded Gages

® Gage Factor Approx. 2.0 BMEmbedded Gage

Embedded in resin, the KMP gage measures
Operating Temperature Ranges cure-shrinkage and internal strain. The compact
20 to 150°C design enables embedment in shaped resins

and is suitable for internal stress measurement
of products made by combining epoxy resin
and metal.

Compensated Temperature Ranges
20to 120°C

KM P Developed by Mitsubishi Electric Corp.
Commercialized by Kyowa Electronic Instruments Co., Ltd.

1200
Approx. 20
o
Approx.70 GPa
K 60.1)

When ordering,
specify the model number as follows.

.........................................

.........................................
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Special Gages

;I%I:ﬁcl)( thGeacgcekse d part of a structure or .Progress and propagation velocity of the crack are electrically
material (or a part of such material where a o?talned.
crack is predicted to develop), the KV series ®High response speed
gages measure the developing length and @Applicable to both flat and curved surfaces
velocity of the crack. @Resistance change versus crack length is virtually linear.
Different from usual strain gages, the grids of @Dedicated adapter enables use of a conventional strain amplifier.
the KV series gages are cut along with crack @Extremely simple and convenient compared with the
development, resulting in resistance change. conventional optical method.
Applicable Adhesives @2 trigger wires each in front of and behind the grid (KV-5C) can
CC-33A be used for automation of measurement.
CC-36
PC-600

I KV euniaxial

Silver-covered

L, 3 bmmeny e
el — E
L Trigger wire 20 mm long
Polyester-coated copper wires i ‘ﬁ"
4 Direction of crack 4 Direction of crack
KV-5C KV-25B
Pattern Uniaxial Uniaxial
Base 30 x 5mm 42 x 32 mm
Grid L1=54mm L[2=252mm W=46mm Pitch=0.1 mm L1=9mm L2=336mm W=252mm Pitch =1mm
Number of Grids 46 26
Resistance Approx. 1.0 Q Approx. 1.0 Q
Pieces per Pack 5 5
@®Adapter KVA-1A @®Connection Diagram

(Optional Accessory)

Gage terminal

[

[

[

(T-PI, P5, etc.) Q@ !

— d 119.50 I

10 M |

I O I

KVA-1A | Strain amplifier |

KV gage adapter I P |

Note: Use lead wires with a low resistance to connect to the adapter (0.1Q or less).

Dimensions: 35x20x15mm

When ordering,
specify the model number as follows.

A
<
N
Ul
w
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Encapsulated Gages

M Encapsulated Gages

Encapsulated Gages are welded-type strain gages with a completely
airtight structure. The product consists of a sensing part and a cable
for signal output. The sensing part is comprised of a flange and an
environmentally resistant metallic tube with encapsulated gage and
insulator. The sensing part can be fixed to the measurement
material by spot welding.

Using the high-temperature model, strain measurement can be
conducted even in harsh environments involving high temperature,
high pressure, and high humidity, such as nuclear-power
generation, automobiles, and planes.

The specifications are for reference purpose only. Actual values may
vary depending on operating conditions including temperatures.

Dummy element
(Excluding KHCV)

Sheath tube

Active element

@Gages and lead-wire cables (Ml cables) are covered and
integrated with metals (such as Inconel 600) with excellent
environmental properties including heat or corrosion resistance,
and can be used in high temperature and high pressure
environments, seawater, and pure water.

@Provides high-precision measurement with minimal
thermally-induced apparent strain (KHCX, KHCR, KHCS, KHCM, KHC).

@Detailed test data sheet allows strain measurement to be
conducted with high precision.

BTypes and typical applications

1075  Normal Temp. High Temp.
KCW KHC | KHCM | KHCS | KHCR KHCV KHCX
Measuring strain Static/Dynamic Dynamic Static/Dynamic
Max. oprg. temp.” 100°C | 500/550°C | 650°C | 750°C | 750°C 800°C 950°C
Temp. comp.? Yes No Yes

*1 Max. oprg. temp.: Max. operating temperature
*2 Temp. comp.: Temperature compensation

Scope of application 0'C 10°C 200°C 300°C 400°C 500°C 600°C 700°C 800°C 900°C

Energy Boiler water pump mic and stationary blades
in thermal power stations -temperature gas turbines

| |
Plant Various plumbing
of large plants

Cooling pipes (pure water) |

in nuclear power stations } Around nuclear power reactors
Heat exchangers in
thermal power stations

Nuclear fuel rods

i Cooling waterpipe (sodium) \
} in nuclear power reactors

Boiler steam turbines

|
} Fast breeder reactors
|
|

Gas turbine combustors

|
‘Around high-temperature furnaces
for steel manufacturing

I

|

|

I

|

| |

} Fireproof tests for steel reinforced
| concrete structure
|

I

|

|

I

|

|

I

|

rochemical reactors

Large structure

| |
|
eat treatment
furnaces

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| k
I Incinerators
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
igh temperature
gas furnaces
Ship structures
(in seawater)

|
Underwater tests

of steel reinforced

concrete structures_

Automobile C Automobile intake blowers )
Aviation -

|
| |
Shlpplng Automobile bodies  ( Automobile cylinder heads
(cold regions) d
T |
)
Automobile pistons

Automobile exhaust manifolds

)
),

Ship turbines

Automobile exhaust turbines

@ @

aft jet engine turbines

Automobile exhaust mufflers

Automobile exhaust valves
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Custom-designed Gages

Various custom-designed gage patterns and lengths are available to meet the needs of your measurement.
For details, please contact us. Below are some illustrated examples of custom-designed strain gages.

-

5-element pattern
for shearing strain

Uniaxial 2-element pattern

o

Biaxial orthogonal
half-bridge pattern

1

Small uniaxial pattern
with lead wires Uniaxial 2-element

from both ends half-bridge pattern

N

™
[l

\ b=

N

=

A%

Small uniaxial pattern with lead wires

from both ends

f

Ultra-small biaxial
0°/90° crossed pattern

Multi-element pattern

I

Strain Gages




Strain Gages for Transducers

Being excellent in nonlinearity & repeatability, strain We provide various strain gages for our customers to
gages can be used not only to test strain, but to make make their own transducers to test load, force, pressure,
transducers as well. torque, etc.
We use our own strain gages to produce our strain gage The following patterns are some examples.
transducers, so naturally the transducers are of high For details, please contact us.
reliability.
4 )
Diaphragm pattern Biaxial shearing pattern
Pressure transducers Torque transducers

Full-bridge pattern Uniaxial 2-element half-bridge pattern
Load cells and displacement transducers Load cells and pressure transducers

ﬂ

Hﬂ -

..L
Y |

ﬂ

a2 [ [ ]
Full-bridge pattern Uniaxial 2-element pattern
Load cells Load cells and displacement transducers
- =)
Uniaxial Biaxial half-bridge pattern
Load cells, pressure transducers, Load cells and pressure transducers
displacement transducers,
and acceleration transducers 1
» L (4
= i .
i LS LT c
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You can count on Kyowa.

Feel free to contact us,

if there is something you would like to know or

do not understand about Kyowa products.

Kyowa Electronic Instruments Co.,Ltd.

Overseas Department:

3-5-1, Chofugaoka, Chofu, Tokyo 182-8520 Japan
TEL; +81-42-489-7220 FAX: +81-42-488-1122
E-mail: kyowaoverseas.hp@d1.kyowa-ei.co.jp
Website: http://www.kyowa-ei.com/

/\ Safety Precautions

Be sure to observe the safety precautions given in the instruction
manual, in order to ensure correct and safe operation.

1S0 9001
1S0 14001

e Specifications are subject to change without notice for improvement.

Cat.No.101k

JQA-0821
JQA-EM4824

Americas Region

KYOWA AMERICAS, Inc.

TEL: +1-248-348-0348

E-mail: sales@kyowa-americas.com
Website: http://www.kyowa-ei.us/

China

KYOWA ELECTRONIC(SHANGHAI)TRADING CO.,LTD.
TEL: +86-21-64477770

E-mail: support-cn@d1.kyowa-ei.co.jp

Website: http://www.kyowa-ei.cn/

Thailand

KYOWA DENGYO(THAILAND) CO.,LTD.
TEL: +66-2-117-3760
E-mail:sales-thailand @kyowa-ei.co.th
Website:http://www.kyowa-ei.co.th/

Other Countries or Regions
Please visit below URL.
Website: http://www.kyowa-ei.com/

Manufacturer's Representative
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