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ABSTRACT 

Evaluation and application of tiny, 0.031-in. gage length, constantan 

foil strip strain gages for measuring residual surface stresses in beryllium 

parts is discussed. The strain gages were applied to one side of the 

beryllium parts at locations known to have high residual surface stresses. 

Small coupons were machined from the parts and the opposite side of the 

coupon was chemically milled with a 10 to 20% hydrochloric acid solution. 

The strain gage installation WBS protected with micro-crystalline wax. The 

etching process required approximately 20 hr at 75°F. Glass-fiber 

reinforced epoxy-phenolic backed strain gages were selected for use 

because of their stability rather than the more readily available polyimiiie 

backed gages. Details of the strain gage Installation are presented. 

This work was performed under the auspices of the V. S. Atomic Energy 

Commission. 
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INTRODUCTION 

A need developed to measure residual surface stresaeB on various 

beryllium parts in a region of high stress gradient near welds. For the 

stress analyBiB to be meaningful, the strain gages had to remain stable 

for approximately 20 hr while submerged In 10 to 20% hydrochloric acid 

at 75°F. 

PROCEDURE 

SURFACE PREPARATION 

The beryllium surface was cleaned with a wet sponge saturated with 

household abrasive scouring powder. The parts were rinsed first with tap 

water then with 190-proof alcohol and dried with tissues to remove grease 

and to ensure more uniform chemical milling. Oxidation was removed by 

using cotton-tipped applicators to apply a mild solution of 4.5 ml 

concentrated phosphoric acid {05 to 87%), 1.5 ml concentrated sulpheric 

acid, 1.5 ml glycerine, and 1.5 ml 190-proof ethyl alcohol at 75°F. This 

solution removes only the oxidation; it does not oxidize the surface as do 

other beryllium etching formulations. The solution was left on the part 

approximately 3 to 5 min, rinsed with tap water then with 190-proof ethyl 

alcohcl, and dried with tissues. The surface was then cleaned with 

neutralizer-saturated cotton-tipped applicators, wiped dry with tissues, and 

hot air dried (125 to 150°F) for approximately 5 min to remove any 

neutralizer trapped in surface irregularities. If the neutralizer is not 

entirely removed before the strain gageB are applied, excessive drift may 
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occur. Also, It Is cowl practice to wipe all cleaning agents from the 

surfaces, then hol-alr dry those that will come in contact with adhestves. 

A properly prepared beryllium surface has the appearance of a lightly 

sandblasted flnisn snd provides on excellent surface for bonding the attain 

G«i;es (Fig. II. 

STRAIN CAGE SELECTION 

It is normally easy to bond strain gagea to beryllium. 

However, many problems can be encountered when the strain gages are 

subjected to an acid environment or when (he ultimate in strain gage stability 

Is needed. Therefore, proper selection and application of gages are 

important. 

Hi-cause of availability at the beginning of this program, Micro-

Measurements KA-OC-031MH-120 strip strain gages (10 elements) with a 

>>olyimi<lc bacMng were used. Measurement drift was observed immediately; 

our attempts to eliminate all drift were not successful. When the Micro-

Measurements SA-0D-O31MH-120 strip strain gages (10 elements! with glass-

fiber rcinrorci ri, cpoxy-phenolic backing (Fig. 2) b .came nvailable, tests 

were performed to determine the drift characteristics of both strain gages. 

The beryllium surface was prepared as described except, that after 

the neulralixer was wiped off, the beryllium surface was not hot-air dried. 

riolh strip gage* were bonded lo Die beryllium parts with E910 adhesive. 

The gages were soldered to the terminal strips, wired, cleaned with rosin 

solvent, and degreased. Was was applied directly over the entire gage and 

terminal strip area: slip pin connectors were then installed for positive 

connecting and disconnecting. 
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initlal strain gage bridge balances were measured with 

a commercial strain indicator and an LLL-fabricated switch. The bridge 

balances were monitored continuously for 3 days STS'F, 50 to 75% relative 

humidity) to determine gage stability. At the end of 3 days all of the 

EA gages had shifted positive from 40 to 600 microstrain while the SA gages 

remained stable. 

Later tests demonstrated that drift of the EA gage could be reduced 

to 10 to 20 microst ain by hot-air drying the beryllium surface after the 

ncutralizer was wiped off. Gage stability was also improved by using a 

heat-curing strain gage adhesive and by heating the part prior to applying 

the protective coating. 

The SA gage was selected for use in the remainder of the stress 

analysis study because of its stability characteristics. 

STRAIN GAGE INSTALLATION 

A strip strain gage and a single active strain gage with terminal strips 

mounted on Teflon tape were placed at locations on the beryllium parts 

where high residual stresses were known to exist. No attempt was made 

to clean the strain gage backings before bonding because they were 

predefined and treated for maximum ttdhestw during manufacture. The 

gages were bonded to the beryllium parts with BAP-1 adhesive applied to 

both the strain gage backings and to the beryllium. The installation was 

clamped (20 to 40 psi) end cured for 3 hr at 300*F. The terminal strips 

are soldered to the gages with 63/37 solder, wired, cleaned with rosin 

solvent, and degreased with 1,1,1, trichloroethane and Freon TF degreaser 

(Fig, 3). 
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Slip pin connecters were attached lo the strain gage lead wires and 

the parts were ovcn-cyclcil from 75 to 175'F and held for 1 -I /2 hr to 

drive out excessive moisture. The parts were cooled and a Ihin coat of 

Union Carbide Vcorsll H-101 metal protectant was applied over the entire gage 

and terminal strip area. The lead wires were tied back and the parts again 

cycled in the oven from 75 to 175"F and held for 1 hr. While still warm to 

the touch, the parts were removed from the oven and the entire gago and 

terminal strip area coaled with Mobil 2305 Micro-Crystalline Wax (Fig. 4). 

ARer the part had cooled lo 75* F, the strain gage bridge balances 

were measured with a commercial strain indicator All of the strain gage 

bridge balances were monitored for a few days at 75'F, and SO to 75% 

relative humidity. If the gages were stable and indicated no drift, the 

installation was considered ready for the next step. 

COUPON PREPARATION 

Coupons, approximately 3/4 in. by 1-1/2 In., were machined 

around the strain gages. Strain gage bridge balances were again measured. 

The coupons were submerged in 10 to 20% hydrochloric acid up to the wax 

coating (Fig. 5) and chemically milled to approximately 00% of their 

original thickness (Fig. 6). This process required approximately 20 hr at 75'F. 

Strain gage bridge balances were measured throughout the chemical milling. 

COUPON EVALUATION 

Some doubts existed as to the stability of the SA gages when submerged 

in hydrochloric acid for a 20 hr period. Because we were interested in 
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mcisurlng only gage stability, not residua] stress relaxation, and since 

neither water nor hydrochloric acid affect the wax, the coupons were 

immersed in water for 3 days. None of the gages showed strain gage bridge 

balance shifts, thus confirming that the wax wr.n protecting the strain gage 

installation.2 

STRESS-FREE BERYLLIUM COUPON 

During one phase of this residual stress study it seemed desirable to 

gage some stress-free beryllium coupons. Also, we wanted to know what 

the total error band might be throughout the strain gaging and chemical 

milling procedure. Three coupons were prepared: coupon 1 was stress 

relieved by healing to 1800'F, holding for 8 hr, and cooling at the rate of 

200'F/hr; coupon 2 was stress relieved by heating to 900'C, holding for B hr, 

and cooling at the rate of SO'F/hr; coupon 3 was known to have high residual 

stresses and was not stress relieved. 

Initial strain gage bridge balances were measured, then the coupons 

were submerged up to the wax coating in a 75'F. 10 to 20% hydrochloric 

acid solution. Measurements were recorded during the entire chemical 

milling process. A third set of measurements was made after the coupons 

were removed from the acid solution. 

Metallurgically it Is quite difficult to remove 100% of the locked in 

residual stresses in beryllium by heat treating. Therefore, one will obBerve, 

even in the most completely stress-relieved beryllium, Bmall changes in 

strain gage bridge balance measurements as a result of stress relaxation 

during a chemical milling process. The measured strains In coupons 1 and 

2 were considered small compared to the high strain levels found in 

coupon 3 (Table 1). 
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CONCU/SIONS 

It gage stability is needed (or tests such as this, it is recommended 

that our procedure be followed. We have installed hundreds of SA strip 

gages, consisting of thousands of channels, on beryllium and have had 

almost no trouble with repeatability of strain gage data. 

Polyimide drift problems were reported as early as 1870 and have 

been confirmed many times by others since then. The polylmlde-backed 

strain gage is a good general purpose static and dynamic stress analysis 

gage: it Is not intended to be used as a transducer gage or where the 

ultimate in strain gage stability is needed. One must consider that drift is 

also more apparent with the smaller gages than with the larger gages. 
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TABLE 1. Coupon bridge balance measurements. 

t i Active gage 
Hoop gage 

Coupon 1 Coupon 2 Coupon 3 
Channel I E UE UE 

1 H 415 +40 -
2 A -60 -25 +375 

3 H +25 +35 +305 

4 A -70 -20 +110 

5 H +25 +40 +240 

6 A -75 -20 +825 

7 H +15 +50 -
8 A -70 -30 +670 

S H +15 +50 +495 

10 A - 5 5 -20 +395 

11 H +15 +45 +350 



FIGURE CAPTIONS 

Fig. 1. Prepared beryllium surface with a drop of water. 

Fig. 2. Fiber-reinforced epoxy-backed strain gage (centimeter scale). 

Fig. 3. Strata gages with soldered terminal strips. 

Fig. 4. Completed strain gage installation on beryllium coupon. 

Fig. 5. Instrumented beryllium coupon in hydrochloric acid. 

Fig. 6. Beryllium coupon before and after chemical milling. 
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Dittbenner - Fig. 1 
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Dittbenner - Fig. 2 



Dittbenner - Fig. 3 
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Dittbenner - Fig. •* 
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