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METHODS OF DETECTING PARTIALLY ADHERED STRAIN GAGES 

The following investigation was made at the request of the Reactor 

Mechanical Design Department for the purpose of establishing a means to 

differentiate between strain gages which arr totally bonded and those which 

have adhered only in part. The Reactor Mechanical Design Depaiiiment suggested 

that if a 100% bonded strain gage was subjected to a change of temperature it 

would exibit a different initial slope and final value of apparent strain than 

a strain gage which was only partially bonded. All of the tests that were 

performed were based on the above assumption. 

I. General Considerations 

Keeping the above in mind , a strain gage bonding technique was developed 

to obtain variable percentages of adhesion. The partial bonding was 

accomplished with the aid of teflon tape^ which was used to mask that 

portion of the gage which was not to be bonded. Eight Budd C-9 strain 

gages were bonded with Eastman 910 cement to a block of sandblasted 

titanium. The following bonds were obtainedi 

Gage No. % Bond 

1, 2 60 

3, 4 40 

5, 6 80 

7, 8 100 
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To obtain the above mentioned temperature change, two types of thermal 

sources were used. The first source (cooling type) consisted of a 

liquid nitrogen filled beaker. The second soxirce (heat type) consisted 

of a 1 watt 6V bulb driven at 12V. Both types of thermal sources were 

never in direct contact with the gage. An air space of approximately 

l/l6 of an inch was maintained. . An attempt was made to measxire the 

gage temperature directly, but for practical reasons, this was not 

feasible. The difficulty arose due to the size of the gage and the 

limited space between the gage and the thermal source. 

II. Teat Procedure 

The following procedure was observed for all eight strain gages. 

Individual tests were performed on each sample. After having estab

lished the percentage bond, the gage was connected into a quarter 

bridge configuration to strain readout equipment. This equipment 

consisted of an amplifier v^ose output would drive a galvanometer on 

a Miimeapolis Honeywell Visicorder. The power supply consisted of a 

lOV battery. Calibration of the eqviipment was performed by means of 

a shunt resistor across the strain gage. In addition, a thermocouple 

was placed right next to the gage under test, for purposes of monitoring 

the temperature of the titanium block. This was done to insure that 

identical initial conditions existed as far as the temperature of the 

parent material was concerned. Having done this, the thermal source 
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was brought into very close vicinity of the gage and the apparent 

strain observed. After a transient period the apparent strain out

put wotild stabilize and at this point the temperature of the parent 

material was noted again. In all subsequent tests the same temperature 

range of the parent material was maintained. This temperature dropped 

approximately 5°F from room temperature with the liquid nitrogen 

sotirce and no change was observed when the heat source was used. 

III. Test Results 

1. Transient Apparent Strain Output 

In this phase of the test the initial slope of the strain gage 

apparent strain output was observed. The initial apparent strain 

output was quite erratic and no correlation between initial slope 

and percentage bonding cotild be established for either thermal 

source. 

2. Steady State Apparent Strain Output 

In this phase of the test the final apparent strain values were 

evaluated. When the liquid nitirogen source was applied the 

following data was obtained? 

Gage No. Apparent Strain Bond 

1, 2 -25 Microinches/inch 60% 

3, 4 -90 Microinches/inch 40^ 

5, 6 + 8 Mcroinches/inch 80% 

7, 8 +62 Microinches/inch 100% 
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From the above data a certain correlation can be established 

between apparent strain output and percentage bond of the gage. 

To do this however, we have to use a thermal output character

istic for a C-9 strain gage bonded to titanium. With the aid 

of this curve (see attached ctirve) the above restilts cotild be 

explained as follows? When a thermal source is applied to a 

gage which is 100^ bonded the temperature drop of the gage 

shotild be a minimtam as compared to gages which are only partially 

bonded. This effect is due to the heat sink action of the parent 

material. The 100^ bonded gage is connected to an infinite heat 

sink and its temperature will be a function of the thermal 

conductivity of the backing. In the case of the partially bonded 

gages the temperature should be a ftinction not only of the thermal 

conductivity of the backing but it should also be modified by a 

factor vdiich is directly dependent upon the bond or lack of it. 

When the above values are fitted to the thenaal output character

istic cxirve we can see that some heat sink action takes place. 

However, thermal conductivity of the backing must be poor. The 

above manifests itself in the narrow spread of the apparent 

strain output and the low temperattires reached by the gages. 

When this same test was repeated with a heat source the restilts 

obtained were very inconclusive. Apparent strain variations of 
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10 microinches/inch were observed. These small values were not 

enough, to be able with certainty, to correlate bonding percent

ages to apparent strain values observed. A larger heat source 

was considered, but because of temperature limits imposed by 

the strain gage backing and the adhesive, the idea was dismissed. 

Conclusions 

The following conclusions can be drawn from the above test results. 

At best, with the above outlined test restilts tinder III-2, doubtful 

conclusions could be made as to bond effectiveness. More empirical 

data is needed to be able to decide with certainty as to the status 

of the bond of a given strain gage. 
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