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OSI-S Distributed Optical Fiber Sensing

Instrument

• Distributed t emper a t u r e and st rain measu r em en t

• Sensing range: 20m, 50m, 100m

• Supply cus tomized service

• Sensing spat ial resolution: 1 m m

• Sensing accuracy: ± 0 . 1℃ / ±1.0με

• 2D/3D shape sensing

Features

Applications

• Aircraft: composi t e mater ial fatigue test ing

• Civil & Construct ion Engineering: SHM

• Power Industry: t r ansformer t emper a t u r e and   

st rain moni tor ing

The  Semicon  OSI-S  is  a n   ultra-high dist r ibuted

opt ical fiber sensing ins t rument . The principle is optical

f requency domai n reflection (OFDR). Its spat ial

resolut ion is 1 m m in 50m sensing range an d 1cm in

100m sensing range. The measur ing accuracy of OSI-S is

± 0 . 1℃ or ± 1 . 0 micro strain. OSI-S can simul taneously

measu r e mor e t han t housands of sensing poin ts along a

single fiber. Therefore, OSI-S is a n excellent tool in high

resolut ion and high accuracy sensing appl icat ion fields.

Description

Products
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Note:

1. For longer sensing length, p lease connect our sales t eam .

2 . 1 m m spat ial resolut ion is available for all measu r em en t range. If 1 m m spat ial resolut ion is set , t he t emper a t u r e   

a nd st rain range would b e reduced. Centimeter-level resolut ion is available.

3. For 0.5m measu r em en t l ength with 1cm spat ial resolution.

4. For 1cm spat ial resolut ion and below 50m sensing length.

5 . Based on t he mater ial proper t ies of t he sensing fiber. Acrylate is u sed in 0~100℃, Polymide is used in -50~300℃  

and Au coa t ed fiber can be used in -200~700℃.

System

Sensing range1 20 50 100 m

Spatial resolut ion 2 1 10 mm

Acquisition Rate3 4 Hz

Strain

Strain accuracy4 ± 1 . 0 με

Strain range5 ± 15000 με

Temperature

Tempera ture accuracy 4 ± 0 . 1 °C

Tempera ture range5 -200-1200 °C

Interface

Power 220/110V AC

Communica t ion interface USB -

Fiber connector FC/APC -

Size 410x375x146.5 mm

Weight 15 KG

Products
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Tunnel Surrounding Rock Deformation

Monitoring
During t he  excavat ion process  of geotechnical  engineering, t he  interact ion be tween  internal  rock and

per ipheral rock, deformat ion an d instability of surrounding rock are all impor tant factors affecting const ruct ion

effect a n d safety. In a geo-mechanical mode l test , a shallow-buried, large-diameter a n d circular t unnel excavat ion

using cross rock pillar me thod , t h e dist r ibuted optical fiber sensing technology is us ed t o carry ou t cont inuous strain

moni tor ing of different sect ions of t he whole mode l t o analyze t he deformat ion and stability of surrounding rock.

Figure 2 Layouts of optical fiber

Figure 3
Sectional views of layouts of No.1、2、9 a nd 10 optical fiber

Figure 4 Test results of optical fibers

All fibers are mainly laid in t h e coat ing a r ound t he tunnel t o b e dug (Fig. 2, Fig. 3) a nd m easu r ed by OCI-1500. The

tes t resul ts of four sensing fibers of 01, 02, 09, a n d 10 are ext r acted (Fig. 4): t he distr ibution of different fibers in t he

s am e posi t ion is basically t h e s am e in t h e process of increasing strain; t he st rain distr ibution t r end m ea su r ed by a

single fiber, a n d t h e di s t ance be tw een fibers a nd tunnel ar e also closely relat ed . The resul ts conf i rmed t ha t t h e sensing

sys tem has a good reflection of t he st rain dist r ibut ion of t he sand a round t he tunnel dur ing t he excavat ion process .

Figure 1 Experimental sand mode l

Applictions
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Crack Measurement On Concrete Beam
During t he use of t he bridge, due t o adver se effects such as envi ronmenta l load, fatigue effect, mater ial aging

and corrosion, etc. , its s t ruc ture will inevitably cause d am age and cracks, result ing in a series of safety hazards.

Therefore, t o accurately posi t ion t he cracks a nd analyse t h e deformat ion law of cracks unde r load are

impor tant for comprehens ive as se s smen t of t he safety of br idge st ructures . In a concre te b e a m load test , t he

OCI1500 measu r em en t sys tem was used t o s tudy t he deformat ion law of crack unde r different loads.

Applictions

Fig. 3 Strain m e a su r e m e n t results of t e s t b e a m s a t different loads unde r different loads (a) a nd details of crack location (b)

（a ） （b）

Figure 2 Test b e a m

Figure 3 shows t h e t es t resul ts of t he st rain a t ea ch point of t he t es t b e a m unde r different loads. The

posi t ion of t he 6-channel sensing fiber is clearly ref lected in t he figure. The th ree sect ions with larger st rain are

fully-glued fixed fibers a n d t h e th ree sect ions with smal ler st rain are d i spensed fixed fibers. Under different loads,

t he nine peaks appear ing a t t h e s am e posi t ion of each fully-glued fixed fiber cor respond t o t he crack on t he

beam. As t he load increases, t he peak value increases, indicating t ha t t he crack cont inues t o extend.

Figure 1 Fiber layout on the te s t b e a m

The fiber used in t he t es t was a c o m m o n tight-fitting fiber, which was glued t o t he surface of t h e te s t b e a m

and a to ta l of 6 channel s were laid. Three of t h em are di spensed by glue, t hree of t h em are entirely fixed by

glue and on th e each side is a fiber relaxation zone (Fig.1). The load is appl i ed upwardly from t he central

posi t ion below t he t es t b eam . 7 different loads were se t a nd m ea su r ed by OCI1500 for t he strain of the test

beam .
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Pipe Clay Soil Deformation Monitoring
In t he pipe clay soil deformat ion moni tor ing test , cohesive soil was added t o t he tes t box, four sensing fibers  

were bur i ed and finally t he box was left for three mon ths t o form a tes t model .

Applictions

Figure 1 Formed te s t mode l

In t he test , t he jack appl ies thrus t to t he central clods s t ep by s tep , a nd a di sp lacement gauge is p laced on   

one side of t he clod t o measu r e t he di sp lacement of t he clods, a nd t he st rain is measu r ed by Semicon OSI-S.

The measu r em en t resul t of one of t he opt ical fibers is shown in t he figure below:

Figure 2 Measurement results

At each s tage of loading, t h e st rain distr ibution measu r ed by t he fiber is basically t h e same. The strain a t

different posi t ions is r e l at ed to t he st rained condi t ion of t h e soil. The thrust law of t h e pipe soil unde r t he s ta t e of

horizontal d i sp lacement can be explored according t o t he real measu r ed value.
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The length and width of t he cantilever b e a m are 30 cm and 5 cm.

Polyimide coa t ed optical fibers are laid on t he cantilever beam. OSI-S is  

u sed t o measu r e t he dist r ibuted strain. Optical fibers are laid along t he   

uppe r a nd lower surfaces of t he cantilever beam, a s shown in Figure 1.

In t he process of t he exper iment , 10, 20, 50, 70, 100, 150, 200 g weights  

were used t o load t he cantilever b e am s from light t o heavy, t hen from

heavy t o light.

Measurement Of Cantilever Strain ByOFDR

Technology

Figure 1 Fiber layout in the cantilever b e a m

Figures 2 Distance-strain curve

Figure 3 an d Table1 are t he measu r emen t s of t he st rain a t t he max imum deformat ion of t he cantilever b e a m

in t he exper iments . From the tables a nd figures, it c an b e seen t h a t t h e max imum strain of t he cantilever b e a m is

linearly re l a t ed t o t he external loads. The fitting value is R2=0.9998.

The deviat ion of single m ea su r em en t a t t h e s am e posi t ion is very small , which shows t ha t t he equ i pmen t has

grea t repeatabil i ty a nd high measu r em en t stability.

Fig. 2 shows t he st rain distr ibution of t he cantilever b e a m unde r different loads which de t ec t ed by OSI-S. It

c an b e s een t ha t t he strains a t ea ch poin t of t h e cantilever b e a m are linearly dist r ibuted, a nd t he distance-st rain

curves are symmetrically di st r ibuted a t t he junct ion of t he uppe r an d lower surfaces. As t he loads increasing, t he

curve be comes smoother , which is mainly due t o t h e decr ease of residual st ress a nd t he improvement of

measu r emen t stability.

load/g
First relative  

deviat ion /%

Second relative  

deviat ion /%

20 0.0293 0.3797

50 0.0099 0.7173

70 0.0116 0.7704

100 0.0106 0.0236

150 0.0004 0.4225

200 0.0028 0.0837

Table 1 Relative deviation Figure 3 Maximum strain a t cantilever b e a m unde r different loadsENERFAST SARL 
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As  a   t russ  wi th  high  st rength, uniform

mater ial a n d easy installation, steel girder

t russ is of t en used as t he ma in load-bear ing

s t ruc ture for industrial engineer ing and civil

buildings, such as roofs, br idges and pylons.

Due t o t he long- t erm load, t he deformat ion of

t he t russ b e a m will directly affect its fatigue life

a nd  ul t imately affect t he  stability of t he civil

st ructure. Therefore, unde r t h e load condi t ions,

t he s tudy of t h e deformat ion law of steel girder

t russ is very impor tant .

The OFDR technique was us ed t o measu r e

t he st rain of t he steel truss. The te s t steel

girder t russ is m a d e up of two t russes and ha s

a length of 4 m. Each truss is m a d e u p of

equi lateral angle steel . Polyimide fiber a n d

ETFE tightly-packed fiber are laid on one of t h e

t russes, as shown in Figure 1. Polyimide fibers

were a t t ached t o t h e posi t ions 1, 2, 3, 4, a n d 5,

a nd ETFE tightly-packed fibers were a t t ached

t o t he 6th, 7th, a n d 8th posi t ions for a total of 8

segment s . Each segm en t of fiber is

approximately 30 cm in length. The load is

appl i ed  t o  t he  ent i re steel  t russ  b e a m  by t he

load-bear ing be am . The st rain of t he steel

t russ b e a m is m ea su r ed by OSI-S unde r e ach

load and t he spat ial resolut ion is 1 cm.

Strain Measurement On Steel Girder Trusses

The st rain measu r em en t resul ts of t he steel t russ unde r each load are shown in Figure 3. Under different

loads, t he st rain distr ibution o n t he t russ is basically t he same . The inclined truss b e am s (1, 5, 6) b ea r

compressive st ress, t he t ransverse t russ b e am s (2, 3, 4, 7, 8) bea r tensi le st ress an d t he st rain dist r ibution of

segmen t 1 and segmen t 5(or 6) is symmetr ical .

As t he load increases, t he st rain a t each posi t ion increases . The m ea su r em en t resul ts of different optical

fibers a t t he s am e posi t ion are basically t he same, indicating t ha t bo t h of t he polyimide fiber a nd t he ETFE

tightly-packed fiber can per form very good st rain measu r emen t .

Figure 1 Fiber layout on the truss girder

Figure 2 Steel t russ girder

Figure 3 Results of strain1

2 3 4

5 6

7 8
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In machinery,  aerospace ,  electric power  a nd other

indust ries, t h e n e ed of meta l surface t emper a t u r e

moni tor ing is very comm on , such as power cable lines,

high t emper a t u r e s t e am pipes and so on. Through

t emper a t u r e moni tor ing, o t her physical quant i t ies

marked by t emper a t u r e could b e analyzed.

Figure 1 shows t he t empe r a t u r e tes t using t he

cons tant t emper a t u r e oil b a t h pot . Temper a t ur e

measu r emen t is carried ou t by OCI1500 and t he layout

of optical fiber is em bedde d type. Nine t emper a t u r e tes t

poin t s  a re set .

Metal Embedded Optical Fiber Temperature

Measurement

Table 4 Measurement deviation

The resul t t ha t t emper a t u r e f luctuations are small along t he optical fiber dur ing mea su r em en t indicates the

effectiveness a nd rationali ty of e m b e d de d opt ical fiber measu r emen t . The max imum relative deviat ion between

average of each m ea su r ed t emper a t u r e and actua l t emper a t u r e is less t h an 2%(Figure 2、3、4).The m ea su r em en t

sys tem is of high stability a nd t he accuracy can reach ±0 . 1℃.

Figure 1
Oil b a t h po t with a pure coppe r sample in it.

Figure 2  
Measurement result of OCI1500

Figure 3 Tempe ra tu re fitting curve

Tempera ture
/℃

40.2 49.8 59.7 69.6 79.8 89.9 99.7 109.6 119.7

Relative  
deviat ion / %

0.6456 0.1363 1.3749 2.0471 1.1500 1.2377 0.4624 0.7353 0.6264

Applictions
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OSI-S is a n  ultra-high dist r ibuted optical fiber sensing ins t rument .  The principle is opt ical  f requency domain

reflection (OFDR). It h a s t he character s of high spat ial resolut ion and high accuracy. The measur ing accuracy of OSI-

S is ±0 . 1℃ or ± 1 . 0 micro strain. We design exper iment s t o verify t he accuracy of t he device 's mea su r em en t

t empera ture .

Sensing opt ical fiber is 20m which was placed in a n oil ba th . The initial t emper a t u r e of t he oil b a t h was se t t o

30℃. Set t emper a t u r e t o 30.1℃ an d 30.3℃ a n d wai t for t h e t emper a t u r e of t h e oil b a t h t o b e s table , Then measu r e

t he t emper a t u r e of sensing fibers by OSI-S. The resul t is shown in figure 1.

Temperature Accuracy Experiment OfOFDR

Figure 1 Result of t empe ra tu r e

The red line is t he resul t of t he t emper a t u r e distr ibution of t he sensing opt ical fiber when t h e oil b a t h

t emper a t u r e is 30.1℃. The gr een line is t he resul t of t he t emper a t u r e distr ibution of t he sensing optical fiber. When

the oil ba t h t emper a t u r e is 30.3℃.

When t he ac tua l t emper a t u r e is 30.1℃, th e t emper a t u r e of t he sensing opt ical fiber f luc tuates b e t w een 30.0℃

a nd 30.3℃, the average is 30.11℃. When t he ac tua l t emper a t u r e is 30.3℃, th e mea su r ed t empera ture fluctuates

b e tw een 30.2℃ an d 30.5℃, the average is 30.32℃. The above resul ts show tha t OSI-S has high accuracy of

t emper a t u r e mea su r em en t . With many t imes of mea su r emen t a nd verification, t h e accuracy of OSI-S t emper a t u r e

measu r emen t can reach ±0 . 1℃.

Applictions
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Automotive Structural Testing
Before t he design of t he automobi l e st ructure is finalized, a comprehens ive safety tes t should b e carried ou t

t o  examine whether  there  are  st ructural  defects in t he  driving process  t ha t  cause  major  d am age  to  t he vehicle

body an d directly t h r ea t en t h e per sonal safety of t he passenger . In t he ext r eme cases of emergency braking a nd

collision, OSI-S is us ed t o measu r e t he s t r engt h and strain of t h e door f r ame of vehicle, a n d t o anlyzse t he

rationali ty a nd safety of t he s t ruc ture of door frame.

The fiber is laid along t he front a nd rear door frames, a s shown in FIG. 1.

Applictions

Figure 1 Fiber layout on the te s t b e a m

Figure 2 braking te s t results

Figure 3 Collision te s t results
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During t he  whole  driving process,  t he  measu r em en t  sys tem prompt ly and  accurately moni tor ing t he

react ion of t he door f r ame of each st rain point .

Cont inuous act ions such as  braking, collision, a nd  s t op  cor respond t o  t he  st rain abrupt  poin t s  in t he  t es t   

char t one by one; in t he normal driving s ta t e , t he st rain value of door f r ame re turns t o zero.

Multiple measu r emen t s  show t ha t  t he  OSI-S per forms very well, t he  s t ruc ture  of door  f r ame has  high  

stability a nd t he design is r easonable .
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ETSC Technologies Europe

ETSC Technologies Europe is a professional Photonics solution provider  

established in Louvain-la-Neuve since 2014.

We design and manufacture wide range of optoelectronic devices for scientific

research and industrial applications in the fields of optical fiber communication and

fiber sensing and also supply first-class products sourced from leading companies

around the globe.

Contact Us

Tel: +32 472 611 456

E-mail: sa les@etsc - tech.be

Add: Business And Research Offices Center (BAROC) , Parc scientif ique  

Fleming, rue Laid Burniat 3, B-1348 Louvain-la-Neuve, BelgiumENERFAST SARL 
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