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STRAIN GAUGE

Specifications II——

This device is used in a wide range of fields for stress measurement. It

is attached directly to the surface of structures with various shapes and Item EANSeries MA series
converts the amount of mechanical strain into electricity.
Compared with the other strain measurement methods, the following Grid length mm 0.3~0.6 0.3~10
features have dramatically expanded the field of use.

Gauge resistance value| Nominal resistance | + 0.5 % or less

The advantage of the strain gauge is:

+ The measurement accuracy is good

* It is highly responsive

+ High concurrent measurement at other points

+ Field measurement can be performed easily

+ It can be used as a converter that measures various physical
quantities

For example.

Strain gauges with these advantages are currently used in a wide

Gauge Material

Advanced Foil

Base Material Polyester Polyimide-based
Gauge Factor Nominal value | Within £ 2 %

Maximum strain +2~49%

measurement range

Operating temperature range | °C -30~+80 -30~+180

Thermal outputs

At room temp. +80°C

+2x 10 %strain/ °C

range of fields, including airplanes, ships, transportation equipment, (see Fig1) At room temp. +160°C +2 % 10°strain/ °C
railways, iron manufacturing, heavy engineering, electric power, Gauge factor by

machlner.y, civil engineering, architecture, clinics, rehabilitation, and temperature change +0.015%/°C or less

ergonomics (see Fig. 2)

In these fields, they are also widely used as sensitivity devices for

converters used in measuring physical quantities (loads, pressures, Fatigue life +1000 x 10*strain | 10° or more times

displacement, acceleration, torque, etc.).

In order to respond to these diverse needs, we are using our extensive
experience as a strain measurement device manufacturer to prepare to
be able to provide solutions for general stress measurement, high-
precision measurement, and special-purpose gauges.

Coefficient of linear
expansion for the
compatibility
measurement object

a=11x10%/°C
a=16x10%/°C
a=23x10%/°C

Normal Stiffness

Stainless steel

Aluminum alloy
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FOIL STRAIN GAUGE

Lead strain gauge (2-wire) I

Self-temperature compensating compatible material, normal stiffness 11 x 10¢/ °C

Nominal Gauge Dimensions Lead wire
Model resistance | efficiency Grid (mm) Base (mm) length

Q) (Nominal) | | gngth | Width Length Width (m)
N11-FA-03-120-VSE03 120 1.9 0.3 1.8 3.5 25 0.3
N11-FA-03-120-VSE1 1
N11-FA-03-120-VSE3 3
N11-FA-03-120-VSE5
N11-FA-1-120-P4-VSE03 120 2.0 1.0 1.0 4.0 2.0
N11-FA-1-120-P4-VSE1
N11-FA-1-120-P4-VSE3
N11-FA-1-120-P4-VSE5
N11-FA-2-120-VSE03 120 2.0 2.0 1.6 6.0 25
N11-FA-2-120-VSE1
N11-FA-2-120-VSE3
N11-FA-2-120-VSES5
N11-FA-5-120-VSE03 120 2.1 5.0 1.8 9.5 3.5
N11-FA-5-120-VSE1
N11-FA-5-120-VSE3
N11-FA-5-120-VSE5
N11-MA-03-120-FE5 120 1.9 0.3 1.8 3.5 25
N11-MA-1-120-P4-FE5 2.0 1.0 1.0 4.0 2.0
Lead Color : Green N11-MA-2-120-FE5 2.0 2.0 1.6 6.0 25
N11-MA-5-120-FE5 2.1 5.0 1.8 9.5 3.5
N22-FA-1-120-VS03 120 2.0 1.0 1.5 $6.0
N22-FA-1-120-VS1
N22-FA-1-120-VS3
N22-FA-1-120-VS5
N22-FA-2-120-VS03 120 2.0 2.0 1.6 ¢8.0
N22-FA-2-120-VS1
N22-FA-2-120-VS3
N22-FA-2-120-VS5
N22-FA-5-120-VS03 120 2.1 5.0 1.8 ¢11.0
N22-FA-5-120-VS1
N22-FA-5-120-VS3
N22-FA-5-120-VS5
N22-FA-10-120-VS03 120 2.1 10.0 2.2 »18.0
N22-FA-10-120-VS1
N22-FA-10-120-VS3
4 4y N22-FA-10-120-VS5
N22-MA-2-120-FE5 120 2.0 2.0 1.6 ¢8.0
N22-MA-5-120-FE5 2.1 5.0 1.8 ¢11.0
N32-FA-1-120-VS03 120 2.0 1.0 1.5 $6.0
N32-FA-1-120-VS1
N32-FA-1-120-VS3
N32-FA-1-120-VS5
N32-FA-2-120-VS03 120 2.0 2.0 1.6 ¢8.0
N32-FA-2-120-VS1
N32-FA-2-120-VS3
N32-FA-2-120-VS5
N32-FA-5-120-VS03 120 21 5.0 1.8 ¢11.0
N32-FA-5-120-VS1
N32-FA-5-120-VS3
LS L 1 N32-FA-5-120-VS5
Lead Color : N32-MA-2-120-FE5 120 2.0 2.0 1.6 ¢8.0
Green, Red, White N32-MA-5-120-FE5 2.1 5.0 1.8 911.0
Lead wires can be attached to any strain gauge other than the above.Please contact us for details.
% : 2 boxes (each box contains 5 sheets)
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Lead strain gauge (3-wire) I

Nominal Gauge Dimensions Lead wire
Model resistance efficiency Grid (mm) Base (mm) length
Q) (Nominal) '} ength [ Width | Length | Width (m)
T /7Line mark
-E= =] 7/ F
Lead base color: Gray
Lines: Blue
N11-FA-2-120-11-VM5T 120 2.0 2 1.6 6.0 2.5 5
N11-FA-5-120-11-VM5T 120 1.9 5 1.8 9.5 3.5 5
, /7Line mark
Lead base color: Gray
Line mark Line mark : Blue, Red
—
N22-FA-2-120-11-VM5T 120 2.0 2 1.6 ®8.0 5
N22-FA-5-120-11-VM5T 120 21 5 1.8 ¢ 11.0 5
, 7 Line mark
\ ,'/ - F
,' F
/ / k

Lead base color : Gray Line : Blue, Red, White

N32-FA-2-120-11-VM5T 120 2.0 2 1.6 ¢ 8.0 5
N32-FA-5-120-11-VM5T 120 2.1 5 1.8 ¢ 11.0 5

General use foil strain gauge (no coated leads) "

) ) Gauge Dimensions
Gauge pattern Model emlgel ;: sistance efficiency Grid (mm) Base (mm)
@ (Nominal) Length | Width | Length | Width
N11-FA-03-120-(11,16,23) 120 1.9 03 | 1.8 35 25
N11-FA-1-120-(11,16,23)-P4 120 2.0 10 | 10 4.0 2.0
N11-FA-2-120-(11,16,23) 120 2.0 20 | 16 6.0 25
N11-FA-5-120-(11,16,23) 120 2.1 50 | 1.8 9.5 35
N11-FA-8-120-(11,16,23) 120 2.1 80 | 20 13.0 4.0
N11-FA-10-120-(11,16,23) 120 2.1 100 | 22 15.0 5.0
N11-FA-30-120-(11.16.23) 120 2.1 300 | 22 40.0 45
N11-FA-60-120-(11.16.23) 120 2.1 60.0 | 22 65.0 5.5
N11-FA-2-350-(11,16,23) 350 2.0 20 | 22 7.0 3.5
N11-FA-5-350-(11,16,23) 350 2.1 50 | 26 1.0 4.0
: N11-FA-8-350-(11,16,23) 350 2.1 80 | 4.0 14.0 6.0
- - N11-FA-10-350-(11,16,23) 350 2.1 100 | 45 18.0 6.5
' N11-MA-03-120-(11,16,23) 120 1.9 03 | 18 35 25
N11-MA-1-120-(11,16,23)-P4 120 2.0 10 | 10 4.0 2.0
N11-MA-2-120-(11,16,23) 120 2.0 20 | 16 6.0 25
N11-MA-5-120-(11,16,23) 120 2.1 50 | 1.8 9.5 35
N11-MA-8-120-(11,16,23) 120 2.1 80 | 20 13.0 4.0
N11-MA-10-120-(11,16,23) 120 2.1 100 | 22 15.0 5.0
N11-MA-2-350-(11.16.23) 350 2.0 20 | 22 7.0 35
N11-MA-5-350-(11.16.23) 350 2.1 50 | 26 11.0 4.0
N11-MA-8-350-(11.16.23) 350 2.1 80 | 4.0 14.0 6.0
10 sheets per box N11-MA-10-350-(11.16.23) 350 2.1 100 | 45 18.0 6.5
N21-FA-2-120-(11,16,23) 120 2.0 20 | 16 75%x75
N21-FA-5-120-(11,16,23) 120 2.1 50 | 1.8 12.0 x 12.0
N21-FA-5-350-(11.16.23) 350 2.1 50 | 26 16.0 x 16.0
j;/ N21-MA-2-120-(11,16,23) 120 2.0 20 | 16 75%x75
N21-MA-5-120-(11,16,23) 120 2.1 50 | 1.8 12.0 x 12.0
10 sheets per box N21-MA-5-350-(11.16.23) 350 2.1 50 | 26 16.0 x 16.0
N21-FA-8-120-(11,16,23) 120 2.1 80 | 20 ©21.0
N21-FA-10-120-(11,16,23) 120 2.1 100 | 22 ¢ 25.0
10 sheets per box




N22-FA-1-120-(11.16.23) 120 2.0 1.0 1.5 ¢ 6.0
N22-FA-2-120-(11,16,23) 120 2.0 2.0 1.6 ¢ 8.0
N22-FA-5-120-(11,16,23) 120 21 5.0 1.8 ¢ 11.0
N22-FA-8-120-(11,16,23) 120 2.1 8.0 2.0 ¢ 15.0
N22-FA-10-120-(11,16,23) 120 2.1 10.0 2.2 ¢ 18.0
N22-FA-5-350-(11.16.23) 350 2.1 5.0 2.6 ¢ 15.0
N22-MA-2-120-(11,16,23) 120 2.0 2.0 1.6 ¢ 8.0
N22-MA-5-120-(11,16,23) 120 2.1 5.0 1.8 ¢ 11.0
10 sheets per box N22-MA-5-350-(11.16.23) 350 2.1 5.0 2.6 ¢ 15.0
N31-FA-2-120-(11,16,23) 120 2.0 2.0 1.6 9.0x9.0

i N31-FA-5-120-(11,16,23) 120 2.1 5.0 1.8 14.0 x 14.0
% N31-MA-2-120-(11,16,23) 120 2.0 2.0 1.6 9.0x9.0

10 sheets per box N31-MA-5-120-(11,16,23) 120 2.1 5.0 1.8 14.0 x 14.0
N31-FA-8-120-(11,16,23) 120 2.1 8.0 2.0 ¢ 24.0
N31-FA-10-120-(11.16.23) 120 2.1 10.0 2.2 ¢ 28.0
N32-FA-1-120-(11.16.23) 120 2.0 1.0 1.5 ¢ 6.0
N32-FA-2-120-(11,16,23) 120 2.0 2.0 1.6 ¢ 8.0
N32-FA-5-120-(11,16,23) 120 21 5.0 1.8 ¢ 11.0
N32-FA-8-120-(11,16,23) 120 2.1 8.0 2.0 ¢ 16.0
N32-FA-10-120-(11,16,23) 120 2.1 10.0 2.2 ¢ 18.0
N32-MA-2-120-(11,16,23) 120 2.0 2.0 1.6 ¢ 8.0
10 sheets per box N32-MA-5-120-(11,16,23) 120 2.1 5.0 1.8 ¢ 11.0

Special strain gauge IEEEEEE——"

Nominal Gauge Dimensions
Gauge pattern Model resistance | efficiency Grid (mm) Base (mm)
Q) (Nominal) Length Width Length Width

UL N51-FA-1-120-(11,16,23) 120 2.0 1.0 15 12.0 4.0
RYRrRYE N51-FA-2-120-(11,16,23) 120 2.0 2.0 1.6 15.0 6.0
etk - N51-MA-1-120-(11,16,23) 120 2.0 1.0 1.5 12.0 4.0
10 sheets per box N51-MA-2-120-(11,16,23) 120 2.0 2.0 1.6 15.0 6.0
R51-FA-1-120-(11,16,23) 120 2.0 1.0 0.5 11.0 4.0
Pabpapuse R51-FA-2-120-(11,16,23) 120 2.0 2.0 0.8 15.0 45
R51-MA-1-120-(11,16,23) 120 2.0 1.0 0.5 11.0 4.0
10 sheets perbox ™ 251-MA-2-120-(11,16,23) 120 2.0 2.0 0.8 15.0 45
Z11-FA-2-120-(11,16,23) 120 2.0 2.0 4.0 13.0 5.0
Z11-FA-5-120-(11,16,23) 120 2.0 5.0 26 15.0 10.0
Z11-FA-10-120-(11,16,23) 120 2.1 10.0 5.0 26.0 16.0
(VA Z11-MA-2-120-(11,16,23) 120 2.0 2.0 4.0 13.0 5.0
Z11-MA-5-120-(11,16,23) 120 2.0 5.0 26 15.0 10.0
10 sheets perbox [ 744_MA-10-120-(11,16,23) 120 2.1 10.0 5.0 26.0 16.0
Z23-FA-2-120-(11,16,23) 120 2.0 2.0 - 13.0 7.0
Z23-FA-5-120-(11,16,23) 120 2.1 5.0 - 15.0 14.0
—\wA Z23-FA-10-120-(11,16,23) 120 2.1 10.0 - 26.0 25.0
AN Z23-MA-2-120-(11,16,23) 120 2.0 2.0 - 13.0 7.0
Z23-MA-5-120-(11,16,23) 120 2.1 5.0 - 15.0 14.0
10 sheets perbox | Z23-MA-10-120-(11,16,23) 120 2.1 10.0 - 26.0 25.0

Large-elongation strain gauge
This strain gauge has an improved strain limit, which allows for plastic strain measurement of up to + 10 %.

Y11-FA-2-120 120 2.0 2.0 1.7 75 35
% Y11-FA-5-120 120 2.0 5.0 1.6 11.0 35
10 sheets perbox | Y11-FA-8-120 120 2.0 8.0 2.1 14.0 5.0

Piping strain gauge

This strain gauge is embedded in a bolt and performs axis force measurement when the bolt is tightened.
P11-FA-3-120-(11) 120 2.1 3.0 - 10.0 ¢®2+0.1
(&==0 P11-MA-3-120-(11) 120 2.1 3.0 - 10.0 $2+0.1
25 sheets / 1 box
For information about single-axis special strain gauges, classic strain gauges, and crack propagation strain gauges, please contact us.




Special strain gauge IIEEEEEm—m—

Waterproof mold strain gauge

+ Self-temperature compensating compatible material, normal rigidity 11 x 10/ °C

Nominal Gauge Dimensions Lead wire
Gauge pattern Model resistance efficiency Grid (mm) Base (mm) length
Q) (Nominal) | | ength Width | Length | Width (m)
N11-FA-1-120-P4-W1 120 2.0 1.0 1.0 25 10 1
N11-FA-1-120-P4-W3 120 2.0 1.0 1.0 25 10 3
[===—===| N11-FA-2-120-W1 120 2.0 2.0 1.6 25 10 1
N11-FA-2-120-W3 120 2.0 2.0 1.6 25 10 3
10 shoets perbox | N11-FA-5-120-W1 120 2.1 5.0 1.8 25 10 1
N11-FA-5-120-W3 120 2.1 5.0 1.8 25 10 3
N22-FA-1-120-W1 120 2.0 1.0 1.5 25 20 1
1 . | N22-FA-1-120-W3 120 2.0 1.0 15 25 20 3
/
{4 N22-FA-2-120-W1 120 2.0 2.0 1.6 25 20 1
x =
N22-FA-2-120-W3 120 2.0 2.0 1.6 25 20 3
o shoete oer b N22-FA-5-120-W1 120 2.1 5.0 1.8 25 20 1
SNEESPErbOt | N22-FA-5-120-W3 120 2.1 5.0 18 25 20 3
N32-FA-1-120-W1 120 2.0 1.0 1.5 25 20 1
N32-FA-1-120-W3 120 2.0 1.0 15 25 20 3 *
St F—=—
{'Z:g — | N32-FA-2-120-W1 120 2.0 2.0 1.6 25 20 1
N | N32-FA-2-120-W3 120 2.0 2.0 1.6 25 20 3 kS
N32-FA-5-120-W1 120 2.1 5.0 1.8 25 20 1
10 sheets per box N32-FA-5-120-W3 120 2.1 5.0 1.8 25 20 3 *

# Five pieces per box, two boxes

Non-inductive strain gauge
This strain gauge is designed for use in inductive noise environments and can be used to dislodge special resistance elements and structures to
effectively eliminate inductive noise.

Dimensions
Nominal Gauge
Gauge pattern Model resistance efficiency Grid (mm) Base (mm)
(Q) (Nominal)

Length | Width | Length | Width

Operating temperature range : - 30 °C ~ 180 °C

@@: M11-ME-5-120-11-SC1 120 2.0 5.0 06 12,5 3 | x

5sheets / 2boxs

Operating temperature range : - 30 °C ~ 180 °C

N M22-ME-5-120-11-SC1 120 2.0 5.0 0.6 30.0 20 %
&=

=== = ggheets/ 2boxs

% Five pieces per box, two boxes



Accessories for strain gauges I

Adhesive
To obtain good data for strain measurement, select a strain gauge and adhesive for use in accordance with the measurement conditions.

Adhesive Gluin
Format Component system i Capacity Bonding method . Storage Notes
material temperature (°C)
EXTRA4000 Cyanoacrylate Metal Plastic |2 gx5 Apply pressure with Cool
; ; fingers for at least 30 dark Except P11
(Instant adhesive) Comp.osne seconds, but time varies -30~+70 location xcep
material depending on the for 3 and Y11
temperature conditions. months
F31 Epoxys Metal Plastic | A Fluid Pressure (0.5~ 1.5 kg /cm?) |
2 Fluid Mix Composite | 65g x 1 24 hours at room oo
) ) temperature ar
(Room-temperature | material B Fluid Mixing ratio of A fluid to B |- 30 ~ + 80 location
i i fluid =2 :1 for6
setting adhesive) 35gx1 months
PR7781 Phenolic epoxys Metal 50g Pressure (0.5 ~ 1_.0 kg / cm?) cC130CI>(I
(heat setting Composite 140 °C for 30 minutes -30~+180 |oacration
adhesive) material fncw)[)gths
F1 Epoxys Metal Plastic | A Fluid Pressure(0.5 ~ 1.5 kg / cm?) Cool
R . 2 hours at 100 °C _30 ~ dark
2 Fluid MI.X Comp.03|te 65g x 1 Mixing ratio of A fluid to B 30 ~+130 location | Except Y11
(heat setting material B Fluid flud=2:1 for 6
adhesive) 35gx1 months

Coatings
The humidity processing coating is used in order to prevent accidents due to isolation problems or poor strength due to dampness of the adhered
strain gauge and gauge terminals. It should be used when measurement is performed outdoors or over a long period.

Operatin Storage
Product name Format | Capacity Material o = Usages <

. Notes
temperature condition

Apply this material to the
protection area. Quick-dry

Cool dark

RTV Silicon Rubber TSE397 100 g Silicone rubber | Air: - 55 to + 200 location for 3
tube-type, reacts to water
. . months
bubbles in the air and hardens.
Protected objects Curing condition
Format

External force| Humidity | Weather | Water Oil | Solvent |Notrequired|  Air drying Heating

TSE397 O O A O




Accessories for strain gauges I

Gauge terminal
The gauge terminal is used as a connection between the gauge lead wires and the leads to the instrument.

It protects the gauge lead wires and prevents accidents such as disconnection or isolation failures that can FT:rg'at owaﬁ"it:";p;rftcure EIEE
easily occur at the point of connection. SFG +50°C
External Applicable Quantity
Type Shaping Model dimensions gauge length | per box Notes
(mm) mm (sheets)
FG-5T 6 x20x0.15 03~2 10
wnn 5
SFG - 5T 6x20x1.0 Self-adhesive type
FG-7T 7x26x0.15 2~6 10
SFG-7T 7 x26x1.0 Self-adhesive type
FG-10T 12x40x0.15 6~8 10
SFG - 10T 12x40x1.0 Self-adhesive type
FG - 15T 16 x 56 x 0.15
8~60 10 -
SFG - 15T 16 x 56 x 1.0 Self-adhesive type
Foil type FGR - 10T 10 x 25 x 0.15 For rosette cross gauges
1~2 10 For rosette cross gauges
SFGR - 10T 10x25x 1.0 _
Self-adhesive type
FGR - 15T 15 x 38 x 0.15 For rosette cross gauges
5~10 10 For rosette cross gauges
SFGR - 15T 15 %38 x 1.0 )
Self-adhesive type
FGF - 5T 15 x40 x 0.15 Five element gauges
SFGF - 5T 15 % 40 x 1.0 03~2 10 Five eleme-nt gauges
Self-adhesive type

® Strain gauge model

N11-FA-5-120-11
O @ @ ® ©

(DGauge Pattern
N1o: Single axis  No1: Single axis only
N2o : 2-axis No2 : Multi-axis cross gauge (with gauge overlap)
N3o : 3 Axis No3 : Multi-axis (no gauge overlap)
(®Base material
FA polyester, MA polyimide
(®Grid length
(®Gauge resistance
120 1 120 Q. 350 : 350 Q
(®Self-temperature compensated strain gauge linear dilation factor
11 : Normal Stiffness(11x107¢/ °C)
16 : Stainless steel (16x107°/ °C)
23 : Aluminum alloy (23x107°/ °C)




TECHNICAL REPORT

® Gauge factor correction formula

If the gauge ratio (2.0) of your instrument is different from the
gauge ratio of your gauge, compensate for true strain values.

True strain values = x measurement strain

K
K : Strain gauge of gauge factor

e Self-temperature compensated strain gauge

D
R R
A C Output
R
Active gauge
B
f—— Bridge supply ——|

Self-temperature compensated strain gauge temperature characteristics

WS ER]
5 Past strain gauges —, 1 | ~
L .
3 20 ~
2 ’
o 0 -
o /| Self-temperature
S 20 = compensated strain gauge —%
() ’
-40 7
-20 0 20 40 60 80

— Temperature (C)

The relationship between the resistance change and the temperature
change of the strain gauge is generally the same as the relationship
between the gauge resistance change and the temperature change of
the strain gauge when the object to be measured is a flat surface.

AR/R
AT  =a+K (Bs—Bo)

Left: Rate of resistance change for resistance foils per 1 °C
(Copper Nickel Alloy : £ 20 x 10 -6/ °C)

a : Resistance temperature coefficients of resistance foils

K : Strain gauge of gauge factor

B s : Linear dilation factor of the object to be measured

B g : Linear dilation factor of resistance foil
If a relationship in which the value on the right side becomes zero is established
in the above equation, there is no effect related to temperature change.

As a result, strain gauges with an adjusted degree factor of alpha for

the resistance temperature of the strain gauge resistance foils is called
a self-temperature compensation gauge.

Effect of connection leads

® Precautions for strain measurement
1) Effects of connection leads

In the single gauge 2-wire system that is commonly used, since the
side of the bridge includes not only the gauge resistor but also the
resistance of the lead line, bridge unbalance, a decrease in the
gauge factor, and an increase in the temperature drift by the
connection lead cannot be avoided in principle.

r/’2

Strain
amp

sobneb ulens

r/2

Lead length and resistance

2) How lead resistance affects gauge factor
The gauge factor when the lead resistance y is 0

¢ : Strain
AR/R

€

K= R : gauge resistance

2\ R : Resistance change of R due to strain €
However, the gauge factor is reduced when the lead resistance vy is
included.

AR/[R+y K': True gauge factor

\ y : Round-trip resistance value of the lead

3) Affect of lead temperature
If the ambient temperature changes during strain measurement, the
resistance y of the lead (copper) changes at a rate of 3930 x 106 / °C.
The A y change is measured as if an apparent strain were generated
by the change of the gauge resistance R.
To the error of the apparent distortion 6t and the nominal
measurement by temperature
The magnitude of the appearance is given by.

Ay 1

R+y K

& =

The resistance change amount & y depending on the temperature of
the lead wire is calculated as follows:

Ay=y-a-t

a : Temperature coefficient of the resistance
K : True gauge factor t: Lead temperature
t: Lead temperature change amount

y-a-t

&= —(R+Y).K

Resistance value Q of the gauge lead wire Lower gauge factor percentage Strain output by temperature pe/°C

Length A (thin) B(mid-diameter)]  C (thick) Lead wire Lead wire Lead wire Lead wire Lead wire Lead wire
(m) 0.44Q/m 0.3Q/m 0.20/m A B C A B Cc
0.44 0.3 0.2 0.4 0.2 0.2 7 5 3
1 0.88 0.6 0.4 0.7 0.5 0.3 14 10 7
2 1.32 0.9 0.6 1.1 0.7 0.5 21 15 10
3 1.76 1.2 0.8 1.4 1.0 0.7 28 19 13
4 2.20 1.5 1.0 1.8 1.2 0.8 35 24 16
5 2.64 1.8 1.2 2.2 1.5 1.0 42 29 19
6 3.08 21 1.4 25 1.7 1.2 49 34 23
7 3.52 24 1.6 2.8 2.0 1.3 56 39 26
8 3.96 2.7 1.8 3.2 2.2 1.5 63 43 29
9 4.40 3.0 2.0 3.5 2.4 1.6 70 48 32
10 6.60 4.5 3.0 5.2 3.6 24 102 71 48
15 8.80 6.0 4.0 6.8 4.8 3.2 134 94 63
20 11.00 7.5 5.0 8.4 5.9 4.0 165 116 79
25 13.20 9.0 6.0 9.9 7.0 4.8 195 137 94

% The most commonly used lead is A.

*The lead resistance indicates the round-trip resistance.

*The gauge resistance is calculated as 120Q.



Stress analysis

e Cantilever beam strain measurement ® Right-axis triangular rosette strain gauge

// €

3 Ey

an

Ex

| l Right-axis Triangular

| \ | h
/ )‘T" T Max. principle strain €max

€max = %[Ex"’ €2 +V2 {(ec—g) 2+ (&—&)2})

The minimum principal strain is€min

Emin = %[Ex"‘sz_ VZ {(e—gy) 2+ (&) 2})

The direction of the principal strain ¢ from the strain gauge ex is

Method of theoretical calculation o= % . tan- 2e- (eted)
The stress o of part of the cantilever beam is expressed by the following equation. BT

Mx Max. principle strain emax direction 6
0= 7~ g2-e&x<0+ -+ 0=0

In addition, bend moment Mx =W +(£-x). T
g2-e&x >0 - -9=(p+7

1
The cross-section coefficients Z are based on Z = — bh? ) L
6 Maximum principle stress o max

_6W (£-x) e
bh? Omax = 1__\/2 ( Emax + VSmin)
Cantilever beam surface stress 0 = €E

) ) ) ) Minimum principal stress omin
Cantilever beam surface stress ¢ is expressed by the following equation.

g:—GW ([_X) Omin = 1_Lv2(€min+vimax)
Ebh? v : Poisson's ratio
® Rosette analysis method Max. j;‘ear strain ymax
In general, if stress is measured when the principal stress direction is Voax = 21(e—gy) 2+ (&y-e2)

unknown, stress measurement must be performed in three directions in Maximum shear stress Tmax
order to know the stress and direction. Draw at least three straight lines E

around the point you want to measure and measure distortion on those Tax = m * Yimax

lines. This set of lines is called a rosette. Since the direction of the principal

force is the same as the direction of the principal strain in an isometric or

isometric elastic body, a theoretical formula can be used to determine the

value of the principal force and its direction. In this way, obtaining the

principal stress, the magnitude of the principal stress, and the

direction of that point from the strain amount in several directions is

called rosette analysis.

e How to assemble a bridge circuit for measurement

R
¢ -Suitable for simple tension,

compression, or simple bends.

A ¢ Output Quarter 3 r
@) bridge +Appropriate for when ambient
i gauge ] @ ® temperature changes are small
Rg R technique . +Calculate the calibration value
B O @ asis
Bridge voltage

R R
T c Quarter

Rg Suitable for simple tension,
oupt | bridge compression, or simple b_ends.

Ra @) 9 *Temperature compensation

. . gauge for strain gauge leads
I i Three wire ] % i @ -Calculate the calibration value
system L] asis
r B
I c
Bridge voltage




Suitable for simple tension,
compression, or simple
bends.

*Temperature compensation

+Calculate the calibration
value as is

A ¢ Output 1 Active
(e) active-dummy
gauge
Rg Rd technique
B
}7

Bridge voltage

Suitable for simple tension,
compression, or simple
bends.

*Temperature compensation

Calculated by the calibration
value X1/(1+v)
or the phenomenon value
X1/(1+v).

Ouput | 2 active
(e)

gauge
Ren Ra2 technique

‘Bend strain detection

*Pull, compression distortion
erase

*Temperature compensation

+Calculated with calibration
value X1/2

or problem value X 1/2.

c g‘)’m“‘ 2 active
gauge
Rl technique

Detect tension and
compression strain

*‘Remove bend strain

*The impact of temperature
changes is doubled.

+Calculated with calibration
value X1/2

Bridge voltage or problem value X 1/2.

Output
(e) Opposite

2 active
Rt R gauge

B method

‘Remove bend strain
*The impact of temperature
changes is doubled.
*Temperature compensation
for strain gauge leads
+Calculated with calibration
value X1/2
or problem value X 1/2.

Opposite
j ouput| 2 active

W © | gauge
= three wire
A, sy5tem

WW

Bridge voltage

Detect tension and
compression strain only
*‘Remove bend strain
*Temperature compensation
Calculated by calibration
value X1/2(1+v)
or phenomenon value
X1/2(1+v)

Output -
© 4 active

gauge
Ret Ra2 technique

‘Detect bend only
‘Remove tension and
compression strain
*Temperature compensation
+Calculated with calibration
value X1/4
or problem value X 1/4.

4 active

gauge
Rot Re technique

—

utput

c ?e) Detect twist strain only

4::t2/e / & ‘Remove tension,
gaug . ‘ compression, and bend strain
technique / \ Rgl! R4 “Tem .
perature compensation
e Ro el | | ©©O@

.
Bridge voltage O O O ®
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