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Strain gauges - An introduction

Showa'’s strain gauges

Showa's strain gauges, adhesives and measuringmestts have been sold in Sweden for over 40 years.
Today the businesses have expanded to includeatenarkets within Europe, and we will continue to
offer competitive and qualitative products for austomers

Properties of the strain gauges

* The gauges are fitted with or without lead wires

* Almost no effect on test object

» Distant and multi-points measurements are possible

* Applicable on both static and dynamic strains

* Both surfaces being completely laminated, the gapigks are entirely protected
» Easy to handle and apply

* Top quality

» Competitive price

* Quality assured

Basic structure

Strain gages are of the stucture, in which a metalil film in the thickness of a few microns itugd on

a thin electrically insulated sheet (such as palgenpolyester and so on). This foil film is cutwdoby photo-
etching method in the shape of strain gages whachbe made with the negative film masks of tharstyage
patterns. These photo-etched strain gage pattezrtaramed to have a standard resistance valushgat
requirements as the strain gages.



Basic patterns, combinations and model configuratio ns

Basic patterns
Example configuration: N11-FA-5-350-16-L03
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Basic strain gauges for measuring and analysi stress and strains.

Strain gauges with the leads at both ends.

For shearing stress and torque measurement.

Pressure sensor.

4 elements.

Yielding type.

For measurement of large strains ranging to plagtiere.

Designed not to cause stress concentration atingwhere leads are soldered.

For crack analysis.

Gauge grids are arranged in parallell. Gauge egsistincreases in the form of stairs when a crack
takes place somewhere within the grids.

For crack propagation detection.

With the lengthy grid of this gauge, cracks propiegpextensively can be sensed.

For application to internal surface of pipes orthreaded holes where gauges are difficult to
install.

The test object is perforated for installationtitgauge inside. Note however that application is
considerably critical as the gauge is likely tadlaenaged when installed or its performance is
affected by air bubbles introduced during instalat

Waterproof moulded type strain gauge.

Vinyl cable (2 parallel wires of 1 mm. in extermt., resp.) is being connected with strain gaugk a
the gauge is moulded with special Epoxy resinsspérial protection for waterproofing is necessary
after its having been installed on the test objElts feature can be applied to all versions in I
series of gauge length from 2mm. to 10mm., excedt, NI35 and N51



Basic pattern combinations

Example configuration: N11-FA-5-350-16-L03
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Material

Base material
Example configuration: N11-FA-5-350-16-L03

F: Polyester
M: Polyimid
Foil material

B

Example configuration: N11-FA-5-350-16-L03

A:

Copper-Nickel alloy

1

11. Uniaxial

21. Plane layout

22. Biaxial, stacked rosette
23. Parallell

24. 2-element

31. Plane layout

32. Triaxial, stacked rosette
34. A (Delta) type, plain layout
35. Y type, plain layout

44. For pressure sensor
51. 5-element



Dimensions of the gauge

Base Length

Grid Length

Base
Width

Base 4] Gage Lead

Grid length
Example configuration: N11-FA-5-350-16-L03

5in example configuration express effective lengftthe grid in the unit mm.

Other dimensions

You can find information about Length and width ¢pid and base for each gauge in the specifications
See Specifications — Patterns — Models on page 10.

Gauge resistance

Example configuration: N11-FA-5350-16-L03

350in example configuration, express strain gaugeinalhnesistance in the unit of ohif2)
Linear expansion factor

Example configuration: N11-FA-5-35016-L03

Linear expansion factor of material against whichis gauge is self-temperature compensated art@s colour
classification.

Base color Materials against which strain Linear expansion  Codes
gauge is self-temperature factor of materialg
compensated

Red Mild steel 10.8 x 10°C 11

Orange Stainless steel 16.2 X’FT 16

Blue Aluminium alloy 23.4 x 18°C 23




Specifications for lead wires
Example configuration: N11-FA-5-350-16L03

Specifications for lead wires

Suffix|Color Length [m] Size Leaders |Resistance| Others
(Suffix) (suffix) [mm?] |per wire [[Q/m]
VS |Green(E)| 1(1)/3(3)/5(5) @12 7 0,44 Parallel vinyl-coated leadwire
VM |Green (E) 3 (3)/5 (5) D12 10 0,32 Parallel vinyl-coated leadwire
VL |Green (E) 3 (3)/ 5 (5) ®18 7 0,20 Parallel vinyl-coated leadwire
FE 3 (3) ®18 7 0,20| Teflon-coated leadwire
L 0,3 (03)/0,5(05) ®18 1 2,24| Polyester-coated leadwire
W 1(1)/3 (3) D12 7 0,44 Waterproof Moulded strain gage
Color code of VS type lead wire
Code | Color | Standard/Not standard
E Green| Standard
B Black | Not standard
W White | Not standard
R Red Not standard
Lead wire colors on parallel vinyl-coated leadwireof type VS with 1 to 3 elements
Number of elements Gauge Lead wire colors Color codes
1 Uniaxial Green E
2 Biaxial Green and Red Not given*
3 Triaxial Green, Red and White Not given*

* The color symbols are not given in the designatiof biaxes and triaxes strain gages (VS1, VS3aruwh, for
example).




Standard specifications

Gauge length

0.3 mm. to 60 mm. max.

Measurable strain

2 to 4% maximum, up to 10% weihyfielding strain gauges.

Temperature range

FA (polyester base) -30°C to@80°

MA (polyimide base) -30°C to +180°C

Thermal output
(See Fig. 1 on next page)

FA within £ 2ue/°C (at room temperature up to +80°C)

MA within + 2ue/°C (at room temperature up to +160°C)
within £ 52ug/°C (at +160°C up to + 180°C)

Gauge factor change with
temperature

See Fig. 2 on next page

Gauge resistance tolerang

e within = 0.5% of theinahnesistance

Gauge factor

2.00 (Nominal)

Gauge factor tolerance

within £ 1% of the valuddated on individual gauge packet for
gauge lengths of 5 mm. to 60 mm.
within £ 2% of the value indicated on individualugge packet for
gauge lengths of 0.3 mm. to 3 mm.

Fatique life

More than Paeversals at 1000 x PGstrain.




General performances of type N11-MA-5-120-11

Thermal Output Characteristics

Tested on mild steel
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Specifications — Patterns — Models without lead wir  es

Nominal | Approx. Dimensions (mm) Gauges

Strain gauge pattern Type resistance| gauge Grid Base Remarks| per
(Ohm Q) | factor || ength | Width | Length | Width packet
N11-FA-03-120-(11,16,23) 120 1,9 0,3 1,8 3,5 2,5 10
N11-FA- 1-120-(11,16,23) 120 2,0 1,0 1,5 4,0 2,5 10
N11-FA- 1-120-(11,16,23)-P4 120 20/ 10| 10 40| 2,0 10
N11-FA- 1-350-11 350 2,0 1,0 2,4 5,0 4,0 10
N11-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 6,0 2,5 10
N11-FA- 2-350-(11,16,23) 350 2,0 2,0 2,2 7,0 3,5 10
N11-FA- 3-120-(11,16,23) 120 2,1 3,0 1,6 7,0 2,8 10
N11-FA- 5-120-(11,16,23) 120 2,1 5,0 1,8 9,5 3,5 10
N11-FA- 5-350-(11,16,23) 350 2,1 5,0 2,6 11,0 4,0 10
N11-FA- 5-1000-11 1000 2,1 5,0 3,2 9,5 5,0 10
N11-FA- 6-120-(11,16,23) 120 2,1 6,0 2,0 11,0 3,5 10
N11-FA- 8-120-(11,16,23) 120 2,1 8,0 2,0 13,0 4,0 10
N11-FA- 8-350-11 350 2,1 8,0 4,0 14,0 6,0 10
N11-FA-10-120-(11,16,23) 120 2,1 10,0 2,2 15,0 5,0 10
N11-FA-10-350-(11,16,23) 350 2,1 10,0 4,5 18,0 6,5 10
N11-FA-10-600-11 600 2,1 10,0 3,0 16,0 5,0 10
B N11-FA-10-1000-11 1000 2,0 10,0 4,5 16,0 6,0 10
N11-FA-30-120-11 120 2,0 30,0 1,2 40,0 4.5 g 10
i N11-FA-60-120-11 120 2,0 60,0 2,2 65,0 5,5 $>J_<J' 10
| | N11-MA-03-120-(11,16,23) 120/ 20/ 03] 18 35| 25| ® 10
N11-MA- 1-120-(11,16,23) 120 2,0 1,0 1,5 4,0 2,5 10
N11-MA- 1-120-(11,16,23)-P4 120 20/ 10 10 40| 2,0 10
N11-MA- 1-350-(11,23) 350 2,0 1,0 2,4 5,0 4,0 10
N11-MA- 2-120-(11,16,23) 120 2,0 2,0 1,6 6,0 2,5 10
N11-MA- 2-350-(11,16,23) 350 2,0 2,0 2,2 7,0 3,5 10
N11-MA- 3-120-(11,16,23) 120 2,0 3,0 1,6 7,0 2,8 10
N11-MA- 3-350-(11,16,23) 350 2,0 3,0 3,0 7,0 4,5 10
N11-MA- 5-120-(11,16,23) 120 2,0 5,0 1,8 9,5 3,5 10
N11-MA- 5-350-11 350 2,0 5,0 2,6 11,0 4,0 10
N11-MA- 5-1000-11 1000 2,0 5,0 3,2 9,5 5,0 10
N11-MA- 6-120-(11,16,23) 120 2,0 6,0 2,0 11,0 3,5 10
N11-MA- 8-120-(11,16,23) 120 2,0 8,0 2,0 13,0 4,0 10
N11-MA- 8-350-11 350 2,0 8,0 4,0 14,0 6,0 10
N11-MA-10-120-(11,16,23) 120 2,0 10,0 2,2 15,0 5,0 10
N11-MA-10-350-11 350 2,0 10,0 4,5 18,0 6,5 10
N11-MA-10-600-11 600 2,0 10,0 3,0 16,0 5,0 10
N11-MA-10-1000-11 1000 2,0 10,0 4,5 16,0 6,0 10
N21-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 7,5%7,5 10
N21-FA- 5-120-(11,16,23) 120 2,1 5,0 1,8 12,0*12,0 n 10
N21-FA- 5-350-11 350 2,1 5,0 2,6 16,0*16,0 _;?—, %n 10
N21-MA- 2-120-(11,16,23) 120 20 20| 16 7575 @ = 10
N21-MA- 5-120-(11,16,23) 120 21| 50| 18 12,0120 &2 10
N21-MA- 5-350-11 350 2,1 5,0 2,6 16,0*16,0 g S 10
N21-FA- 8-120-(11,16,23) 120 21| 80 20 21 < 10
N21-FA-10-120-(11,16,23) 120 2,1 10,0 2,2 ®25 10

10




Nominal | Approx. Dimensions (mm) Gauges
Strain gauge pattern Type resistance | gauge Grid Base Remarks| per
(Ohm Q) | factor [Length| Width | Length | Width packet
N22-FA- 1-120-(11,16,23) 120 2,0 1,0 1,5 6,0 10
N22-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 ®8,0 10
N22-FA- 5-120-(11,16,23) 120 2,1 5,0 1,8 P11.0] o - 10
N22-FA- 5-350-11 350 2,1 5,0 2,6 ®15,0 ?;: $>]_<J 10
N22-FA- 8-120-(11,16,23) 120 2,1 8,0 2,0 ®150] ¢ o 10
N22-FA-10-120-(11,16,23) 120 2,1| 10,0 2,2 18,0 3 10
N22-MA- 1-120-(11,16,23) 120 2,0 1,0 1,5 6,0 ﬁ 8; 10
N22-MA- 2-120-(11,16,23) 120 2,0 2,0 1,6 8,0 © 10
N22-MA- 5-120-(11,16,23) 120 2,1 5,0 1,8 ®11,0 10
N22-MA- 5-350-11 350 2,1 5,0 2,6 ®15,0 10
N31-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 9,0%*9,0 o 10
N31-FA- 5-120-(11,16,23) 120 2,1 5,0 1,8 14,0*14,0 E 10
Lr\_m: N31-FA- 5-350-11 350 2,1 5,0 2,6 16,0*16,0 E’—, g 10
& N31-MA- 2-120-(11,16,23) 120 2,0 2,0 1,6 9,0090| @ 3 10
N31-MA- 5-120-(11,16,23) 120 2,1 5,0 1,8 14,0*14,0 g Q 10
N31-MA- 5-350-11 350 2,1 5,0 2,6 16,0*16,0 E g 10
N31-FA- 8-120-(11,16,23) 120 2,1 8,0 2,0 24 8; 10
N31-FA-10-120-11 120 2,1 10,0 2,2 $286 10
N32-FA- 1-120-(11,16,23) 120 2,0 1,0 1,5 6,0 10
N32-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 ®8,0 - 10
N32-FA- 5-120-(11,16,23) 120 21| 50/ 1,8 110 §§ 10
N32-FA- 5-350-11 350 2,1 5,0 2,6 16,0 % ) 10
N32-FA- 8-120-(11,16,23) 120 2,1 8,0 2,0 ®16,0] =2 10
N32-FA-10-120-(11,16,23) 120 2,1 10,0 2,2 ®18,0 § ﬁ 10
N32-MA- 2-120-(11,16,23) 120 2,0 2,0 1,6 80| Z 8; 10
N32-MA- 5-120-(11,16,23) 120 2,1 5,0 1,8 ®11,0 10
N32-MA- 5-350-11 350 2,1 5,0 2,6 16,0 10
>
£ 2 N34-FA-2-120-11 120 2,0 2,0 1,6 @10,0 '%§ 10
| 3 o
Za\1Y h
o
I N34-MA-2-120-11 120 2,0 2,0 1,6 ®10,0| & g 10
=}
. <
; /'(E\ N35-FA-2-120-11 120 20/ 20| 16 10,0 g§ 10
(7 ) ® o
! : =
& *‘}Q 2 %
' N35-MA-2-120-11 120 2,0 2,0 1,6 ®10,0f ~ o 10
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Nominal | Approx. Dimensions (mm) Gauges
Strain gauge pattern Type resistance | gauge Grid Base Remarks per
(Ohm Q) | factor | Length | width | Length | Width packet
N51-FA- 1-120-(11,16,23) 120 2,0 1,0 15 12,0 4,0 g o 10
o
N51-FA- 2-120-(11,16,23) 120 2,0 2,0 1,6 15,0 6,0 g %” 10
o 3
N51-MA- 1-120-(11,16,23) 120 2,0 1,0 15 12,0 4,0 % 3 10
o <Q
N51-MA- 2-120-(11,16,23) 120 2,0 2,0 1,6 15,0 6,00 2 10
R11-FA- 1-120-(11,16,23) 120 2,0 1,0 2,2 5,5 3,0 g c 10
| 73 >
- R11-FA- 2-120-(11,16,23) 120 2,0 2,0 1,8 6,0 3,5 ; g::' 10
oo
R11-MA- 1-120-(11,16,23) 120 2,0 1,0 2,2 5,5 30, 3 o 10
o <
R11-MA- 2-120-(11,16,23) 120 2,0 2,0 1,8 6,0 35| 3 10
2 o
R31-FA-03-120-(11,16,23) 120 2,0 0,3 1,2 5,0 36| & %ﬂ 10
g ®
TITiT c 3
skl 32
' R31-MA-03-120-(11,16,23) 120 2,0 0,3 1,2 5,0 3,6 ® 8} 10
o
R51-FA-03-120-(11,16,23)-P4 120 2,0 0,3 1,2 6,0 5,0 g o 10
R51-FA- 1-120-(11,16,23) 120 2,0 1,0 0,5 11,0 40| & m 10
HHHHH R51-FA- 2-120-(11,16,23) 120 2,0 2,0 0,8 15,0 45| 2 g 10
vt R51-MA-03-120-(11,16,23) 120 2,0 0,3 1,2 6,0 50/ S 3 10
R51-MA- 1-120-(11,16,23) 120 2,0 1,0 0,5 11,0 4,0 $ S 10
R51-MA- 2-120-(11,16,23) 120 2,0 2,0 0,8 15,0 45| 3 ° 10
T11-FA- 1-120-(11,16,23) 120 2,0 1,0 15 5,5 3,0 5.—3 10
T11-FA- 2-120-(11,16,23) 120 2,0 2,0 2,5 8,0 40| & c 10
T11-FA- 5-120-(11,16,23) 120 2,1 5,0 6,0 20,0 10,0 ‘é’r § 10
T11-MA- 1-120-(11,16,23) 120 2,0 1,0 15 5,5 3,0 % ) 10
T11-MA- 2-120-(11,16,23) 120 2,0 2,0 2,5 8,0 40| 92 < 10
T11-MA- 5-120-(11,16,23) 120 2,1 5,0 6,0 20,0/ 100| & 10
T24-FA- 2-120-(11,16,23) 120 2,0 2,0 2,5 8,0 6,0 5.—3 N 10
T T24-FA- 5-120-(11,16,23) 120 2,1 5,0 6,0 20,0/ 150 & %” 10
8 : T24-FA- 5-350-11 350 2,1 5,0 6,0 20,0 15,0 ‘é’r % 10
. T24-MA- 2-120-(11,16,23) 120 2,0 2,0 2,5 8,0 6,0 % % 10
' T24-MA- 5-120-(11,16,23) 120 2,1 5,0 6,0 20,0| 1504 2 § 10
T24-MA- 5-350-11 350 2,1 5,0 6,0 20,0 15,0 & ° 10

12




Nominal | Approx. Dimensions (mm) Gauges
Strain gauge pattern Type resistance | gauge Grid Base Remarks per
(Ohm Q) | factor | Length | Width | Length | Width packet
U11l-FA- 1-120-(11,16,23) 120 2,0 1,0 1,2 5,5 3,0 g 10
Ul11l-FA- 2-120-(11,16,23) 120 2,1 2,0 1,8 8,0 40| & S 10
U11-FA- 5-120-(11,16,23) 120 2,1 5,0 5,6 20,0/ 10,0| & g_g' 10
U11-MA- 1-120-(11,16,23) 120 2,0 1,0 1,2 5,5 3,0 g ) 10
U11-MA- 2-120-(11,16,23) 120 2,1 2,0 1,8 8,0 4,0 ® %: 10
U11l-MA- 5-120-(11,16,23) 120 2,1 5,0 5,6 20,0 10,0/ & 10
Q44-FA-10-350-(11,16) 350 ®9,5 10,0 n 10
o

fﬁij"‘ Q44-FA-14-350-(11,16) 350 ®13,0 ®14,0 § 5 10
?‘Er:" Q44-MA-10-350-(11,16) 350 9,5 10,0 5 % 10
Q44-MA-14-350-(11,16) 350 ®13,0 ®14,0 ® 10
Z11-FA- 1-120-(11,16,23) 120 2,0 1,0 3,9 5,0 2,5 10
Z11-FA- 2-120-(11,16,23) 120 2,0 2,0 4,0 13,0 50/ S 10
™= Z11-FA- 5-120-11 120 2,0 5,0 2,6 15,0 10,0 % S 10
Z11-FA-10-120-11 120 2,11 10,0 5,0 26,0 16,0 @ ;_’2_ 10
Z11-MA- 1-120-(11,16,23) 120 2,0 1,0 3,9 5,0 2,5 E 2 10
Z11-MA- 2-120-(11,16,23) 120 2,0 2,0 4,0 13,0 50/ & 30 10
Z11-MA- 5-120-11 120 2,0 5,0 2,6 15,0 10,0 %- 10
Z11-MA-10-120-11 120 2,1 10,0 5,0 26,0 16,0 10
Z23-FA- 2-120-(11,16,23) 120 2,0 2,0 13,0 7,0 10
Z23-FA- 2-350-(11,16,23) 350 2,0 2,0 13,0 7,0 10
Z23-FA- 5-120-11 120 2,1 5,0 150] 140/ S 10
Z23-FA- 5-350-11 350 2,1 5,0 16,0/ 14,0 % S 10
Z23-FA-10-120-11 120 2,1 10,0 26,0 25,0 @& ;_’2. 10
Z23-MA- 2-120-(11,16,23) 120 2,0 2,0 13,0 7,0 é 2 10
Z23-MA- 2-350-(11,16,23) 350 2,0 2,0 13,0 70 2 043 10
Z23-MA- 5-120-11 120 2,1 5,0 15,0/ 14,0 %- 10
Z23-MA- 5-350-11 350 2,1 5,0 16,0/ 14,0 10
Z23-MA-10-120-11 120 2,1 10,0 26,0 25,0 10
C11-FA-5-1 1 50 27,0 E 10

Q

2

Q

5

<
Cl1-FA-14-1 1 6,0 36,0 2. 10
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Nominal | Approx. Dimensions (mm) Gauges
Strain gauge pattern Type resistance | gauge Grid Base Remarks| per
(Ohm Q) | factor | Length | Width | Length | Width packet
S X11-FA- 5-120 120 5,0 1,7 11,0 4,0 J 10
I o
QD
X11-FA-10-120 120 10,0| 0,25 14,0 3,0 ey 10
©
‘ g
X11-FA-30-120 120 30,0 0,7 35,0 4,0 % 10
y S
—'~T~ X11-FA-50-120 120 50,0 1,2 55,5 4,0 s 10
g
X11-FA-90-120 120 90,0 2,0 95,0 6,0 S 10
! Y11-FA- 2-120 120 2,0 2,0 1,7 7,5 3,5 - 10
o
- - S. C
o 2
Y11-FA- 5-120 120 2,0 5,0 1,6 11,0 3,5 % ) 10
' 5"
=}
| | Y11-FA- 8-120 120 2,0 8,0 2,1 14,0 50 10
P11-FA-05-120-11 120 1,9 0,5 ®1,0*3,5 T 25
39 ®
| é_' E-:r; P11-FA- 2-120-11 120 2,1 2,0 ®1,4*8,0 % g_'% 25
F=N" =l
(] 8
P11-FA- 3-120-11-S 120 2,1 3,0 ®1,9*11,0 g g 3 25
> 0O =
~ =S U
P11-MA- 3-120-11-S 120 2,1 3,0 ®1,9*11,0 = 25

14




Specifications — Patterns — Models with lead wires

Nominal | Approx. Dimensions (mm) Wires | @ |Gauges
Strain gauge pattern Type resistance | gauge Grid Base length 3 per
(Ohm Q) | factor || ongth | width | Length | width | (M) | & | packet
N11-FA-03-120-11-VSE1 120 1,9 03| 1.8 35| 25 1,0 10
: N11-FA-03-120-23-VSE3 120 1,9 03| 1.8 35| 25 3,0 10
1 B N11-FA- 1-120-11-P4-VSE1 120 2,0 1,0/ 1,0 40| 20 10| 9 10
H N11-FA- 1-120-23-P4-VSE1 120 2,0 1,0 1,0 40| 20 1,0 %’ 10
: N11-FA- 1-120-11-P4-VSE3 120 2,0 1,0/ 1,0 40| 20 30| = 10
‘ N11-FA- 1-120-11-P4-VSE3-A 120 2,0 1,0 1,0 3.4 1,3 3,0 ZT 10
N11-FA- 1-120-23-P4-VSE3 120 2,0 1,0 1,0 40| 20 3,0 ?g’ 10
N11-FA- 1-120-23-P4-VSE3-A 120 2,0 1,0/ 1,0 3.4 1,3 3,0 gé 10
N11-FA- 2-120-11-VSE1 120 2,0 20| 16 6,0] 25 1,0 % 10
N11-FA- 2-120-23-VSE1 120 2,0 20| 16 6,0] 25 1,0 10
N11-FA- 2-120-11-VSE3 120 2,0 20| 16 6,0] 25 3,0 10
N11-FA- 2-120-11-VSE3-A 120 2,0 20| 16 5,6 19 30| » 10
N11-FA- 2-120-23-VSE3 120 2,0 20| 16 6,0] 25 3,0 ;,-Iv 10
N11-FA- 2-120-23-VSE3-A 120 2,0 20| 16 5,6 1,9 3,0 ﬁ 10
N11-FA- 5-120-11-VSE1 120 2,1 50| 1,8 95| 35 1,0 3 10
N11-FA- 5-120-11-VSE3 120 2,1 50| 1,8 95| 35 3,0 10
N11-FA- 5-120-11-VSE5 120 2,1 50| 1,8 95| 35 5,0 10
N11-MA-03-120-11-FE1 120 1,9 03| 1,8 35| 25 3,0 10
&
N11-MA-03-120-23-FE3 120 19 03| 1.8 35| 25 3,0 E\é 10
N11-MA- 1-120-11-P4-FE3 120 2,0 1,0/ 1,0 40| 20 3,0 % 10
¢
al
T N11-MA- 1-120-23-P4-FE3 120 2,0 1,0/ 1,0 40| 20 3,0 % 10
N11-MA- 2-120-11-FE3 120 2,0 20| 16 6,0] 25 3,0 g 10
| N11-MA- 2-120-23-FE3 120 2,0 20| 16 6,0] 25 3,0 10
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_ quinal Approx. Dimensions (mm) Wires § Gauges
Strain gauge pattern Type resistance | gauge Grid Ehe. length | 5 per
(Ohm Q) | factor || oo width Length Width | (M) | & | packet
E c
=)
R11-FA-1-120-11-VSE3-A 120 2,0 1,0 2,2 5,0 2,3 3,0 %_: 10
S
>3
g
o
: 42
§'§
g
R11-FA-1-120-23-VSE3-A 120 2,0 1,0 2,2 5,0 2,3 3,0 iﬁ 10
:
ol X11-FA-5-120-VSE3 120 5,0 1,7/ 11,0 4,0 3,0 10
o3
X11-FA-10-120-VS3 120 10,0| 0,25| 14,0 3,0 3,0 g?i_ 10
23
s&
=2
” 53
D o
X11-FA-30-120-VSE3 120 30,0 0,7 350| 4,0 3,0 é’% 10
=0
35
S
X11-FA-30-120-VS3 120 30,0/ 0,7 350| 4,0 3,0 10
N22-FA- 1-120-11-VS3 120 2,0 1,0 15 6,0 3,0 10
N22-FA- 1-120-23-VS3 120 2,0 1,0 15 6,0 30 10
<3
28
N22-FA- 2-120-11-VS3 120 2,0 2,0 1,6 8,0 3,0 §§ 10
2
28
N22-FA- 2-120-23-VS3 120 2,0 2,0 1,6 8,0 3083 10
g8
o
N22-FA- 5-120-11-VS3 120 2,1 5,0 1,8 ®11,0 3,0 10
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Nominal | Approx. Dimensions (mm) Wires | 2 | Gauges
Strain gauge pattern Type resistance | gauge Grid Base length 3 per
(Ohm Q) | factor || ength Width Length Width | (M) | & | packet
N32-FA- 1-120-11-VS3 120 2,0 10/ 15 ®6,0/ 3,0 10
-
B2
gD
N32-FA- 1-120-23-VS3 120 2,0 1,0 1,5 ®6,0 3,0 %é 10
58
=8
N32-FA- 2-120-11-VS3 120 2,0 20, 16 ®8,0| 30§ 10
is
T
N32-FA- 2-120-23-VS3 120 2,0 2,0 1,6 ®8,0 3028 10
32
I3
N32-FA- 5-120-11-VS3 120 2,1 50/ 18 ®11,0/ 3,0 10
| | | | |
1 2
R51-FA- 1-120-11-VM3 120 2,0 1,0/ 05| 11,0/ 4,0 30 10
L T ]
e e
= @
|
7~
l R51-MA- 1-120-11-VM3 120 2,0 1,0/ 05| 11,01 4,0 302 10
@
1
1L S
N11-FA- 1-120-11-P4-L05 120 2,0 1,0 1,0 4,0 2,0 05| & 10
)
' 3
<
i
o}
o)
2
&
o
N11-FA- 2-120-11-L05 120 2,0 2,0 1,6 6,0 2,5 0,5 gg)- 10
=
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Nominal | Approx. Dimensions (mm) Wires | 2 | Gauges
Strain gauge pattern Type resistance | gauge Grid Base length 3 per
(Ohm Q) | factor || ength Width Length Width | (M) | & | packet
Z11-FA- 1-120-11-L05 120 2,0 1,0/ 39 5,0 2,5 05 ¢ 10
X}
5 &
g &
S5 =
Z11-FA- 1-120-11-L08 120 2,0 1,0/ 39 5,0 2,5 082 g 10
g3
2q
®g
Z11-FA- 1-120-11-L1 120 2,0 1,0/ 39 5,0 2,5 10| = 10
1
= [l = 3
=
& o
T Q
&<,
! Y11-FA-2-120-11-L05 120 2,0 2,0 1,7 7,5 3,5 0,5 % & 10
(2]
78
QS
(=8
z
@
LI B
@
@ o,
& m
8 0]
R51-FA-1-120-11-L03 120 2,0 1,0/ 05| 11,0 4,0 0,3 2 g 10
g2
Z 3
[«
=)
@
T .
- - S
=<
Loy :
o 9
28
N51-FA-1-120-11-L03 120 2,0 1,0 1,5 12,01 4,0 0,3 2 3 10
>
72
g
=)
o
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Nominal | Approx. Dimensions (mm) Wires | § |Gauges
Strain gauge pattern Type resistance | gauge Grid Base length 3 per
(Ohm Q) | factor | | ength width Length Width | (M) | & | packet
Waterproof Moulded Type with special Epoxy resine
c
- N11-FA- 1-120-11-P4-W1 120 2,0 1,0 1,5 25,0| 10,0 1,0 §' 10
)
N11-FA- 1-120-11-P4-W3 120 2,0 1,0 1,5 25,0| 10,0 3,0 g 10
3
N11-FA- 2-120-11-W1 120 2,0 2,0 16| 250| 20,0 10| 10
1]
e
| 7
; N11-FA- 2-120-11-W3 120 2,0 2,0 16| 250| 20,0 30| & 10
]
<
2
N11-FA- 5-120-11-W1 120 2,1 5,0 1,8| 25,0| 20,0 1,0 § 10
g
2
N11-FA- 5-120-11-W1 120 2,1 5,0 1,8/ 25,0| 20,0 3,0 % 10
(0]
N22-FA- 1-120-11-P4-W1 120 2,0 1,0 1,5 25,0| 20,0 1,0 10
N22-FA- 1-120-11-P4-W3 120 2,0 1,0 1,5 25,0| 20,0 3,08 g 10
55
N22-FA- 2-120-11-W1 120 2,0 2,0 16| 250| 20,0 1,0 §§ 10
83
D S
N22-FA- 2-120-11-W3 120 2,0 2,0 1,6 25,0| 20,0 3,0 %% 10
22
= (o}
N22-FA- 5-120-11-W1 120 21 5,0 1,8| 25,0| 20,0 105 & 10
N22-FA- 5-120-11-W1 120 21 5,0 1,8| 25,0| 20,0 3,0 10
N32-FA- 1-120-11-W1 120 2,0 1,0 1,5 25,0| 20,0 1,0 10
_|
N32-FA- 1-120-11-W3 120 20/ 10/ 15| 250| 200/ 3,0 i»g 10
oL
s
N32-FA- 2-120-11-W1 120 2,0 2,0 16| 250| 20,0 1,0<?_§. 10
o =
o T
83
N32-FA- 2-120-11-W3 120 2,0 2,0 1,6/ 25,0| 20,0 3,0 8§ 10
58
N32-FA- 5-120-11-W1 120 21 5,0 1,8| 25,0| 20,0 1,0 %g 10
@ £
N32-FA- 5-120-11-W3 120 2,1 50 1,8] 250| 20,0 3,0 10
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Nominal | Approx. Dimensions (mm) Wires | 2 | Gauges
Strain gauge pattern Type resistance | gauge Grid Base length 3 per
(Ohm Q) | factor || ength Width Length Width | (M) | & | packet

Combination of five color cable(Leadwire Type : VM) #The minimum ordering lot will be per packet of 100 strain gages.

. N11-FA- 1-120-11-P4-VM3 120 2,0 1,0 1,0 4,0 2,0 30| &
-1l N11-FA- 1-120-23-P4-VM3 120 2,0 1,0 1,0 4,0 2,0 3,0 %
w N11-FA- 2-120-11-VM3 120 2,0 2,0 1,6 6,0 2,5 3,0 é‘
N11-FA- 2-120-23-VM3 120 2,0 2,0 1,6 6,0 2,5 3,0 %
i N11-FA- 3-120-11-VM3 120 2,0 3,0 1,6 7,0 2,8 3,0 é—_
N11-FA- 3-120-23-VM3 120 2,0 3,0 1,6 7,0 2,8 3,0 °

N11-FA- 6-120-11-VM3 120 2,0 6,0 2,0 11,0 3,5 3,0
N11-FA- 6-120-11-VM3 120 2,0 6,0 20| 110 3,5 3,0 j,T
N11-FA- 1-120-11-P4-VM3-A 120 2,0 1,0 1,0 3.4 1.3 3,0 %J
N11-FA- 1-120-23-P4-VM3-A 120 2,0 1,0 1,0 3,4 13 3,0 _§_J

Installation instructions by Showa

In order to obtain the best possible results frastran gauge installation it is important thatecand attention is
given to the preparation of the gauge, the surfditlee specimen, and bonding techniques.

Whilst circumstances may call for variations inhieicjue for particular installations, the followimrgstructions
based on extensive experience, should ensure thelete success of the bonding of Showa foil stgainges. In
applications where it is considered there may leeigpproblems, we will be pleased to give any eehand
assistance we can.

1. Specimen Surface Preparation.

An area larger than the installation should bereteaf all paint, rust etc., and finally smootheithva fine grade
emery paper or fine sand blasting to provide a ddanding surface. The area should now be degreetiea
solvent such as trichlorethylene and finally ndigeal with a weak detergent solution. One shouttissue for
this operation, wetting the surface and wipingwaith clean tissues until the final tissue usedassfree. Care
must be taken not to wipe grease from a surrounakieg onto the prepared area or to touch the suvidh the
fingers.

This final cleaning should take place immediatedgipto installing the strain gauges.

2. Strain Gauge Preparation.

Normally the gauge is ready for applying as sooit i@removed from the packet but, experience shthat some
engineers prefer to roughen the back off the géedeare applying it. Extreme care should be takehtha area
under the tags should be avoided. One methodsigrinkle pumice powder onto a piece of blottinggragnd with
one finger tip lightly rub the back of the gaugeeothe powder. Remove all products of the abraasimhwipe
back of gauge with a tissue.

Note: It is advisable not to mix the adhesive uaitithe gauges to be installed have been prepartiis stage.
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3. Strain Gauge Installation.

By sticking a short length of sellotape lengthwal@ng the upper face of the gauge it may be picieftom a flat
clean surface. Holding both ends of the tape, taterthe gauge in the desitedation and stick the end of the tape
furthermost from the tags, to the specimen. Bepdther end of the tape back on itself thereby sixgothe back

of the gauge.

Adhesives
Three basic types of adhesives are recommendeBp{y resin, (2) Phenol-Epoxy resin and (3) pressu
sensitive (Cyanoacrylate series) adhesive.

The single component pressure sensitive adhesreea@nmended where fast bond and thin glue arenopti
requirements as this adhesive reacts immediatay w@ter contained in the atmospheric air.

For an installation where long term stability unddwerse atmospheric conditions is the main remerg one
should use Epoxy or Phenol-Epoxy system. F3 ceiaitple to use and may be cured at ambient reompe-
rature, whilst F1 cement has excellent heat ragistguality. PR7781(E110) is most suitable forwike MA
Series (Polyimide backing) gauges for high tempeesapplication.

i) Epoxy Adhesives F1 and F3.
Coat the exposed back of the gauge with adhesgantly push the gauge down into position, astmae
time wiping excessive adhesive to the two outsiiges of the gauge. Stick the whole length of thietspe to
hold the gauge in position, cover the area withpileee of polyethylene provided and apply a ligkight or
clamp as required. Care should be taken that tkene even layer of adhesive and no air bubbletefirander
the grid. The installation is now ready for curiddter curing remove the tape as per para. 4.

F1 10 parts resin : 2 parts hardener 2 hrs. &8A00

F3 10 parts resin : 6 parts hardener 24 hraahitemp.

Of this two pack adhesive, the base material (A)est, and this should be harmless when in contétbt
human tissue.

The hardener (B) is slightly toxic and can posshmyharmful if allowed in contact with human tissue

Warning:

1. Do not allow the mixed or unmixed materials to cordct skin. Protective gloves should be worn.
Should skin be inadvertently contaminated it must e washed off immediately and thoroughly
with soap or detergent and water.

2. If heat is applied to accelerate the cure time oht adhesive then adequate ventilation is
necessary to avoid inhalation of resulting fumes.

i) Phenol-Epoxy Adhesive PR7781(E110).

The cement is spread by brush or by spatula onthetBpecimen surface and strain gauges and these m
then be left in this condition and dried in a cleamosphere for 1 to 3 hours in order to allow evafon of
solvents from the cement. If cement is appliedfnaggun, the cement should be diluted beforeapiglied,
by methyl-ethyl-keton until its solidity rate reashto 20%. After drying, both the strain gaugesthed
specimen surface are contacted face to face ampethand heated in an oven for 30 minutes at 149°C
complete bonding.

iii) Pressure Sensitive Adhesive 4000(101).
Follow strain gauge installation instructions as\absticking one end of the tape down to the specim
completely up to the gauge. Drop a fillit of adlvesin the 'hinge’ formed by the gauge and the speati
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Starting at the fixed end with one finger pushdhage down at the same time pushing the adhesing #ie
gauge in a single wiping motion until the whole gaus stuck down. Apply pressure with the fingeerothe
whole length of the gauge for one minute. Extrardgtbn may need to be given to the tag and lead area.

4. Removing the tape.
Remove the tape by slowly and very carefully pgilinback over itself starting at the end furthestiivpom the
tags. Do not pull upwards.

5. Wiring.

Showa strain gauges are fitted with short leadsitaisdgstandard practice to wire these to smatkstin or self
adhesive terminals placed adjacent to the gaudeselserve as a bridge-completion point and a ehavey
point to the heavier wire required for the run teasuring or recording instruments.

The lead out wires from the gauges are fragile,shraaild be handled with care. Preparatory tinningp® ends of
the lead out wires, connecting cables and termisalscommended. Be sure to remove all tracesugfdt
soldering paste with trichlorethylene.

6. Installation Protection.

Showa strain gauges are encapsulated and thesgprotected from dust and draughts, etc. Thigmndation
serves to make any required form of protectionhedlmore efficient. In choosing a protective cogtme should
study completely the environment in wich the irlst&n is to function and the length of time thetadlation will
be required to function in such environment. Oneutdhalso pay special attention to the wiring egbcif the
installation is required to be immersed in water.

There are numerous forms of protection availabtevaa will be pleased to advise you on your parécul
installation.

High Elongation (Yielding) Strain Gauges
Generally speaking the foregoing instructions agép for the bonding of high elongation gaugestheite are
some specific aspects of the technique which shoeilillowed.

a. F3 or4000(101) cement is recommended, but in easé the layer of cement between the gauge and
specimen surface must be as thin and uniform asilges

b. Itis desirable not to apply any coating mateidathte installation. Silicone rubber, however, mayttinly
applied if necessary.

c. Lead-out wires should be raised and looped in adalkeep them free from strains taking place intéds¢
object.

d. Terminals should be used and an excessive amowolddr on the terminals should be avoided.

“P” Series Gauge ("pipe" Gauge)
This series is intended, for measurement, to berted into the test object. Care should be exatdisethe
handling and installation of this gauge espechalten carrying the gauge into the hole preparedernest object.
Removal of air bubbles from the adhesive mixtural$® very important in order to prevent any damsdgen
taking place on the gauge or to attain the betsasuring results.
Brief instructions:-
a. Prepare a hole of 2.3 mm dia. on the test object.
b. F1 or F3 cement is used for "P" Series gauge. Aaplell mixed adhesive eliminating any air bublites
the internal surface of that hole. Insert the gayeygly into the hole.
c. After having applied adhesive to the hole and glabe gauge in position, the adhesive is left caegder
para. 3.i.
d. Wire the strain gauge leads to terminals placedcadit to the hole. Care should be given to thetfettthe
leads, if covered with splashes of adhesive, &edyiito be broken.
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Measurements - What is strain gage measuring?

The strain gage is really a unique sensor with bite can easily measure a variation of physicalusamin terms
of the "length" in the level of 1/1,000,000. Theast gage was worked out for the first time by Sioms & Ruge
in USA in 1938. In Japan, Showa Measuring Instrusi@ompany started production in the form of f@ised
strain gages in 1962. It has accordingly elapsedrat 45 years since this initiation of operatiohe3e strain
gages are utilized for the evaluation through asialgnd measurement of stress and strain of vanatsrials
including metals, rubber, plastics, ceramics andrswhich are not so widely familiar especially arg@rdinary
non-technical persons. We believe the strain gagfenique can be utilized as one of the simplesthandiest
means for the solution of surrounding problems emerase when one does not have a professionallkdge on
the measuring principle with strain gages.

Measurements by means of strain gages are in the world of 1/1,000,000

It is stated in the last paragraph that one caitygasasure with strain a variation of physical ambin terms of
the "length” in the level of 1/1,000,000. We cap sanay be extremely difficult with an ordinary asuring
system to measure the length of for example 10@mm &t the exactitude of 0.1mm. In the measuremvéht
strain gages, however, a resistance variatiokRoin the formula oAL / L o AR / R can seize the world of
1/1,000,000 through the Wheatstone Bridge becdngseesistance wire in the length of "0.3 to 5mméiseiving
an external force in the strain gages.

Purpose of measurements by means of strain gages

Although the strain gage is usually detecting teal linear variation ir\L, it may be a general practice to replace
the amount of variation into the stress, exteraadd, pressure and so on which are the physicaliateded from

the above-mentioned amount of linear variationviéw of the fact that almost all strain gages bgiogon sale in
the market are self-temperature compensated driegxpected to divert these strain gages intafigeincluding
the assessment of unknown linear expansion co=ft€iof a variety of materials.

Terminology and expressions worthy to know of in rela tion with strain gages

Definition of strainie=AL/L , Gage FactorAR/R=K*g

Expression of relations of perpendicular stresssrain:c=E*¢

Expression of relations of shearing stress andrstgestrain:t=G*y

Calculation formula of perpendicular stressP/A

Calculation formula of bending stress:M/Z=6M/bh”2 (Z : modulus of section)

Calculation formula of shearing stress by the toral moment of the round bat=T/Zp= (Zp: polar

modulus of section)
o [ICircular cross-section "Zp"}*d"3/16
o [JHollow circular cross-section "Zpi*(d2"4-d1°4)/16*d2)

7. Expression of relations of Young's modulus "E" amsblulus of rigidity "G": G=E/2(1+)

8. Strain Gage Factor "K": The product of strain amel quotient of change in strain gage resistance and
unstrained resistance of strain gage.

9. Poisson's ratiov": The ratio of transverse contraction strath
direction of stretching force.

10. Perpendicular stress": Expression of the internal distribution of forger unit areag = F/A, it's called
engineering stress or nominal stress.

11.Elastic limit / Yield point: Maximum stress in thiaear region of stress-strain curve.

ogkrwnE

to longitudinal extension straia™in the
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12.Young's modulus / Modulus of elasticity "E": Thenstant ratio of tensile stress"to tensile straing",
within the elastic limit.

13.Modulus of rigidity / Modulus of trasverse elastyciG": The constant ratio of shearing stresstd
shearing strainy”, within the elastic limit.

Self-temperature compensated strain gages

When the resistance value of a strain gage, otieeakesistance elements, has made a relative clpengme
degree C, this change can be expressed by tha@yoatR/R=0+K(Bsg). Therefore, it might be concluded
that any effects from the temperature change mayebated if an equation of @=K(ps,g) can be brought into
existence. In these circumstances, because ocathéhat the resistance temperature coefficiehot the strain
gage material of ADVANCE (Cu54, Ni45, Mnl) can lmntrolled through the thermal treatment appliethts
material, it can finally come into a conclusionttbae can produce a strain gage which is less liapparent
strain" and which can match with the linear expamgactor of the materials to be measured. For ydormation,
strain gages being generally on sale are pringigallf temperature compensated strain gages wippdieable
materials are mild steel, stainless steel and aiumi.

« o : Temperature coefficient of strain gage resistanaterials

+ K: Gage Factor

« PBs: Thermal expansion coefficient of specimen

« Bg: Thermal expansion coefficient of strain gagéstaace materials

Thermal Output Characteristics(Fig.1 / Sample strain gage : N11-MA-5-120-11)

Fig.1 Thermal Qutput Characteristics

Tested on mild stasl

g 0 /K\ '!___ .__ ——
3 / \
&
E -1501- \hﬂnﬁh
.{& -200 ‘F ==
-2ad ]J

-20 0 20 40 60 80 100 120 140 160 180

fempearature{'C)

Fig.1 shows the traveling curve of an apparent@udp Showa self temperature compensation stragegaaused
by the temperature variation extending to theserstyages. There is a considerable variation irdistance
between two curves appearing on the graph andahiation in the distance represents the dispersiautputs of
the strain gages. Showa strain gages are compdrisdie within +2 strain per degree C in the dispersion of
output strain curve without employing any dummyegmm the bridge but in the neighborhood of normal
temperatures.
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Gage Factor variation temperature(Fig.2 / Sample strain gage : N11-MA-5-120-11)
Fig.2 Gage Factor variation with temperature

Tested on mild stesl
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Temperature{'C)

Fig.2 shows a curve representing strain gage satsitariation got when the strain gage is bondeca mild steel
specimen to which a constant strain of +1838fain at 20°C is applied and when changing the&rature applied
to this strain gage.

Remarks: Movements of this curve include variatiohthe Young's modulus of "mild steel".

Stress-strain curves

Oh
el e
1 \X Fracture
Oe 3
L ‘I.l'l
= ;
Fe Ll
W ]
oy
m .
= ;
s ;
< .
;2
— e p|<_ £ ¢ p Conventional strain

—_— =

oe: Elastic limit / Yield point

ob: Ultimate stress

*In the case of tensile stress, it's called "tensitength”.
ep: Permanent set

E : Young's modulus / Modulus of elasticity

Remarks:

Increased load newly in the state that a permasetrwas left , and become a new yield podit"with following
curve "2~1", that is to say, A new yield point by doing plastic deformation and become a hsttieb
materials.
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Simple method for generating equivalent strain by inserti ng a parallel resistor into one
side of the strain gage bridge

~e r 7 Na

r 2

B

o

It should be noted that, in case when the lengthaxf wires of strain gages or that of the cabtaldaing the
bridge box with the amplifier is considerably lon¢fean usual, say several 10 meters or longerctsfte be
brought about by the sensitivity change due testastce of longer lead wires may become extremaie Ithat
cannot be disregarded. In order to prevent thefieudiies from taking place by generating a cotreglibration
value (an equivalent strain), a parallel resistp) (s inserted into one side of the strain gagederas shown in the
figure given above. For your information, the rielas of the gage resistance (Rg) with the calilorateain €) and
with the inserted resistor (rp) are shown in tHWing equations.

Rg/(rp+Rg)=K*
rp = Rg/(K*)

Example:
Resistance value to generate CAL-strain / 2,000 Bridge resistance / Rg: X20Gage Factor / K: 2.00,
rp = 120/(2*2000"-6)=30@)

Therefore, it should be prepared for outside CAdistance depending on the strain measurement range.

Calculation of tension and compression stress (1-Gage M ethod)

W

_ _é__ _

1-Gage Method for tension / compression stress measuring
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Amounts of stresss) and force (W) to be got when one piece of stgaige is bonded, in parallel with the
direction of force applied, on the surface of auomh which is receiving a uniform force from onetagr direction,
as shown in the sketch given below, both surfacegxpressed by the following equations:

0=c0*E

where,

o . Stress

E: Young's modulus / Modulus of elasticity
€0: Indicated strain

W=A* c=A* c0*E

where,

W: Force

A: Cross-section area of column

Calculation of tension and compression stress (2-Gage M ethod A)

2-Gage Method for tension / compression Stress measuring

Amounts of stresss) and force (W) to be got when 2 pieces of straigegare bonded on both surfaces of a
column in right angle with the direction of forcepdied as shown in the sketch given below, areesged by the
following equations:

0=(1/2)*¢0*E

W=A*6=A*(1/2)* c0*E

W=A* 6=A*c0*E

where,

W: Force

A: Cross-section area of column

*Apparent strain by the bending is denied, and it with the double output made the average ofttie straing).
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Calculation of tension and compression stress (2-Gage M ethod B)

W

2-Gage Method for tension / compression stress measuring

Amounts of stresss) and force (W) that the column is suffering whepi€ces of strain gage are bonded to the
direction of forth and to the right angle to thec® direction, and when connections are made thrthebridge as
shown in the sketch given below, are expressetidyallowing equations:

o=e0*E/(1+v)
where,

W=A*6=A*c0*E/(1+V)
v: Poisson's ratio

*Indicated strain £0" is output agl and absolute value e2(=-vel).

Calculation of bending stress (1-Gage Method)
Wy 5 A

MMM

1-Gage Method for bending stress measuring

An amount of surface stress) (n accordance with bonding positions of the stigage when one piece of strain
gage is bonded on the surface of a beam with anmgatar cross section whose one-side is being tbakd the
other side is being applied to a force, is expmrssethe following equations:

o=c0*E
M=W#*X
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where,
X: Distance from the position "W" to the strain gatgenter.

The surface stress™ of the beam due to the moment "M" can be caledlatsing a next formula.

o=M/Z

M=Z* co*E

where,

Z: Modulus of section

Modulus of section of rectangular section is calted to
Z=b*h"2/6, therefore

W=b*h"2*E*£0/6*X

where,

b: width of beam
h: height of beam

Calculation of bending stress (2-Gage Method)

MMMHINN

2-Gage Method for bending stress measuring

Two strain gages bonded at the contrasting positdithe front and rear surfaces of a beam arel aytizeir
absolute values and the mark of (+) or (-) will @raverse. If the strain gages are bonded on a lbeanch a
manner that they may be neighboring ones each,dtiesr bending strain will become double and tinaiiss
caused by the force to the axial direction may dgated.

In this case, calculated to:

0=¢0*E/2
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Calculation of shearing stress

1-Gage Method for shearing stress measuring

The formula for shearing stress in a beam is :

t=F/S

where,

F: Shearing force

S: Cross-section area of beam

In this case, the shearing force of becomes "F =aht the shearing stress$ tue to the cross-section area of the
beam can be calculated using a next formula.

1=W/b*h

where,

b: width of beam
h: height of beam

And, relations of shearing stres$ and shearing strainy™is :
=G*y

where,

G: Modulus of rigidity, therefore

y=W/G*b*h

Additionally, shearing stress™and shearing force "W" can be calculated by stten" of the 45 degrees
direction because the shearing straih(fad) is equivalent to double of straigp".

Y=2%¢0

1=2*G*c0
W=2*G*b*h* 0
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Calculation of torsional stress

G2 Gl

2-Gage Method for torsional stress measuring

In the axle catching the torsional momentyMike a figure, the shearing stres$ becomes greatest at the axis
surface; the value is :

Tma=Mo/Zp

where,

Zp: Polar modulus of section
The surface shearing straipt''ls :

Y=Tma! G=Mw/G*Zp

The indicated strained™ becomes the value of the surface shearingistyas 2*¢0" when it's measured by 2-
Gage Method, and the shearing streS$é calculated using a next formula.

Tmax=G*e0’

€0'=y=2%¢0
Mw=G*Zp*e0'
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Solder terminals

Patterns and specifications

Compatible | Number of
gauge length | pieces per Remarks
(mm) packet

Dimensions

Classifications Appearances/Patterns Type (mm)

........... FG-5T 6x20x0.15

sasneeeee 0.3 1ill 2 10 _
SFG-5T | 6x20x1.0 Self-Adhesive
type

TTTTTTTTTTT FG-7T 7x26x0.15

u“"u" 21ill 6 10 Self-Adhesive

AAAAAAAAAAA SFG-7T | 7x26x1.0

type
fffffffffff FG-10T | 12x40x0.15
11111111 SIS |10 e
+++++++++++ SFG-10T | 12x40x1.0 el-Adnesive
type

FG-15T | 16x56x0.15

SN 111111111 Ble |0
POUWOWWWOWE® | 57 | 16x56x1.0 Seli-Adhesive

type
DY SN FGR-10T | 10x25x0.15
- ‘:. zz \~ - SFGR 2 10 Self-Adhesive
10T 10x25x1.0 type
r \\ // 1
‘. ~ \ FGR-15T | 15x38x0.15
a zz \ SFGR Stillg 10 Self-Adhesive
L 4 15T 15x38x1.0 type
B i FGF-5T | 15x40x0.15
0.3 till 2 10 SofAdhos
L o SFGF-5T | 15x40x1.0 eli-hanesive
type
: A= . E CG-1 14x9x4
Cubic type _ 1 till 60 10 ;
= SCG-1 14%9x5 Self-Adhesive

type

Explanations

The terminals are placed between strain gage leddhe heavier leads required for the run to méagur recording instruments to
protect strain gage leads from disconnectionsferior insulation which are likely to take placerihg strain gage installation and
measurement.

Properties

Small size

Easy to solder because the Terminals are tiegla

Very flexible Capable of bonding to flat, spkead or angled surfaces
Soldering Heat Resistivity:102 to 2x102 secoati230°C
Insulation:1x102 to 1x104M

Adhering Force:140 to 220kPa

b
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Glue

B Pressure to
] deformtion Hardening Mixing ratio by Contents )
Series Type Use . . . be applied
temperature time weigth (A : B) per set(g)
(kPa)
)
For high 2hrs at . .
F1 temp use 130 100C 100: 20 100 50 till 150
Epoxy For
F3 general 80 24hrs at 100 : 60 100 50 till 150
room temp
use
Phenol- For high 30min at . 500 till
Epoxy PR7781 temp use 180 140C Single agent 50 1000
For i
Cyanoacrylate | 4000 general 70 30sek at Single agent 2gx5 Finger
use room temp pressure

Explanations
To obtain the best possible results from measur&énims important that care and attention is gite the

selection of the strain gages which may most nteetteasuring purposes. At the same time, seleatimng two
basic types of adhesive, Epoxy resin and presamngts/e adhesive(Cyanoacrylate Series), is alsmpsrtant as

that for strain gages to the highest results inquesament.

Se also: Installation instructions by Showa on pHge
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