
2.2 M-Bond AE-10 

Micro-Measurements certified M-Bond AE-10 is a 100% 
solids epoxy system for use with strain gages. It offers the 
advantages of high elongation (10%) and wider operating 
temperature range [-320° to +200°F (-195° to +95°C)]. 
Because it is highly resistant to moisture and most chemicals, 
M-Bond AE-1 0 is recommended for permanent installations 
over one year in duration. 

M-Bond AE-10 Adhesive is supplied in kit form with pre
weighed resin and sufficient curing agent for six separate 
mixes of adhesive. Allow the materials to attain room 
temperature before opening the containers. Each of the indi
vidual units of resin can be separately activated by filling one 
of the calibrated droppers with curing agent exactly to the 
number 10 and dispensing the contents into the center of the 
jar of resin. Immediately cap the bottle of curing agent to 
avoid moisture absorption. Mix the resin and curing agent 
for five minutes, using one of the plastic stirring rods. The 
pot life or working time after mixing is 15 to 20 minutes at 
+ 75° F (+ 24° C). The pot life can be somewhat extended by 
occasionally stirring the mixture, by cooling the jar, or by 
spreading the adhesive on a chemically clean aluminum 
plate. Discard the dropper and stirring rod after use. 

HANDLING PRECAUTIONS 

While M-Bond AE-10 is considered relatively safe to 
handle, contact with skin and inhalation of its vapors 
should be avoided. Immediately washing with ordinary 
soap and water is effective in cleansing should skin con
tact occur. For eye contact, rinse thoroughly with copious 
amounts of water and consult a physician.c For additional 
health and safety information, consult the material safety 
data sheet which is available upon request. 

The shelf life of unmixed components is one year at room 
temperature. During storage, crystals may form in the resin. 
These crystals do not affect adhesive performance, but 
should be reliquefied prior to mixing by warming the resin 
jar to +120°F (+50°C) for approximately one-half hour. 
Because excess heat will shorten pot life, allow the resin to 
return to room temperature before adding the curing agent. 

3.0 SURF ACE PREPARATION 

Strain gages can be bonded satisfactorily to almost any solid 
material if the material surface is properly prepared. While 
there are many surface preparation techniques available, the 
specific procedures and techniques described here are a care
fully developed and thoroughly proven system. They are 
ideal for both M-Bond 200 and M-Bond AE-10 Strain Gage 
Adhesives. 

The purpose of surface preparation is to develop a chemi
cally clean surface having a roughness appropriate to the 
gage installation requirements, a surface alkalinity of the 
correct pH, and visible gage layout lines for locating and 
orienting the strain gage. The Micro-Measurements system 
of surface preparation will accomplish these objectives for 
aluminum alloys and steels in five basic operations: 

• Solvent degreasing 

• Surface abrading 

• Application of gage layout lines 

• Surface conditioning 

• Neutralizing 

To ensure maximum cleanliness and best results, the follow
ing should be avoided in all steps: 

• Touching the surface with the fingers 

• Wiping back and forth or reusing swabs or sponges 

• Dragging contaminants into the cleaned area from 
the uncleaned boundary of that area 

• Allowing a cleaning solution to evaporate on the 
surface 

• Allowing partially prepared surface to sit between 
steps in the preparation process or a prepared sur
face to sit before bonding 

Consult Instruction Bulletin B-129 for other test materials 
and for special precautions and considerations for surface 
preparation. 

3.1 Solvent Degreasing 

Degreasing is performed to remove oils, greases, organic 
contaminants, and soluble chemical residues. Degreasing 
should always be the first operation. 
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Degreasing can be accomplished using a solvent such as 
CSM-1 Degreaser. Spray applicators are preferred to avoid 
back-contamination of the parent solvent. Use a clean gauze 
sponge to clean the entire specimen, if possible, or an area 
covering 4 to 6 in (100 to 150 mm) on all sides of the gage 
location. 

3.2 Surface Abrading 

The surface is abraded to remove any loosely bonded adher
ents (scale, rust, paint, coatings, oxides, etc.), and to develop 
a surface texture suitable for bonding. For rough or coarse 
surfaces it may be necessary to start with a grinder, disc 
sander, or file; but, for most specimens a suitable surface can 
be produced with only silicon-carbide paper of the appro
priate grit. 

Place a liberal amount of M-Prep Conditioner A in the 
gaging area and wet-lap with clean 320-grit silicon-carbide 
paper for aluminum, or 220-grit for steel. Add Conditioner 
A as necessary to keep the surface wet during the lapping 
process. 

When a bright surface is produced, wipe the surface dry with 
a clean gauze sponge. A clean surface of the gauze should be 
used with each wiping stroke. A sufficiently large area 
should be cleaned to ensure that contaminants will not be 
dragged back into the gaging area during the steps to follow. 

Repeat the above step, using 400-grit silicon-carbide paper 
for aluminum, or 320-grit for steel. 

3.3 Layout Lines 

The desired location and orientation of the strain gage on the 
test surface should be marked with a pair of crossed, perpen
dicular reference lines. The reference or layout lines should 
be burnished, rather than scored or scribed, on the surface. 
For aluminum, a medium-hard drafting pencil is satisfac
tory. For most steels, a ball-point pen or a tapered brass rod 
may be used. All residue from the burnishing operations 
should be removed in the following step. 

3.4 Surface Conditioning 

After the layout lines are marked, Conditioner A should be 
applied repeatedly, and the surface scrubbed with cotton
tipped applicators until a clean tip is no longer discolored by 
scrubbing. The surface should be kept constantly wet with 
Conditioner A until the cleaning is completed. When clean, 
the surface should be dried by wiping through the cleaned 
area with a single slow stroke of a gauze sponge. The stroke 
should begin inside the cleaned area to avoid dragging con
taminants in from the surrounding area. Throw the used 
gauze away and, with a fresh gauze, make a single slow 
stroke in the opposite direction. Throw the second gauze 
away. 

3.5 Neutralizing 

To provide optimum alkalinity for Micro-Measurements 
strain gage adhesives, the cleaned surfaces must be neutr:'li
ized. This can be done by applying M-Prep Neutralizer SA 
liberally to the cleaned surface, and scrubbing the surface 
with a clean cotton-tipped applicator. The cleaned surface 
should be kept completely wet with Neutralizer SA through
out this operation. When neutralized, the surface should be 
dried by wiping through the cleaned area with a single slow 
stroke of a clean gauze sponge. Throw the gauze away and 
with another fresh gauze sponge, make a single stroke in the 
opposite direction. Always begin within the cleaned area to 
avoid recontamination from the uncleaned boundary. 

If the foregoing instructions have been followed precisely, 
the surface is now properly prepared for gage bonding. The 
gages should be installed within 30 minutes on aluminum or 
4S minutes on steel. 
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4.0 STRAIN GAGE BONDING 

The electrical resistance strain gage is capable of making 
accurate and sensitive indications of strains on the surface of 
the test part. Its performance is absolutely dependent on the 
bond between itself and the test part. The procedures out
lined below will help ensure satisfactory bonds when using 
M-Bond 200 or AE-10 Adhesives. While the steps may 
appear unduly elaborate, these techniques have been used 
repeatedly in strain gage installations which have yielded 
consistent and accurate results. The steps shown assume that 
a terminal strip will be used. When CEA-Series gages are 
used, no strip is required. 

4.1 Handling and Preparation 

Micro-Measurements strain gages are specially treated for 
optimum bond formation with all appropriate gage adhe
sives. No further cleaning is necessary if contamination of 
the prepared bonding surface is avoided during handling. 
(Should contamination occur, clean with a cotton swab 
moistened with a low residue solvent such as M-L/NENeu
tralizer 5A or GC-6 Isopropyl Alcohol. Allow the gage to dry 
for several minutes before bonding.) Gages should never be 
touched with the hands. 

Remove the strain gage from its acetate envelope by grasping 
the edge of the gage backing with tweezers, and place on a 
chemically clean glass plate (or empty gage box) with the 
bonding side of the gage down. Place the appropriate termi
nals (if any) next to the strain gage solder tabs, leaving a 
space of approximately 1/16 in (1.5 mm) between the gage 
backing and terminal. 

Using a 4-to-6-in (100-to-150-mm) length of M-LINE 
PCT-2A cellophane tape, anchor one end of the tape to the 
glass plate behind the gage and terminal. Wipe the tape 
firmly down over the gage and terminals. Pick the gage and 
terminals up by carefully lifting the tape at a shallow angle 
(30 to 45 degrees) until the tape comes free with the gage and 
terminal attached. (The shallow angle is important to avoid 
over-stressing the gage and causing permanent resistance 
changes.) Caution: Some tapes may contaminate the bond
ing surface or react with the bonding adhesive. Use only 
tapes certified for strain gage installations. 

The strain gage is now prepared for positioning on the test 
specimen. Position the gage/tape assembly so the triangle 
alignment marks on the gage are over the layout lines on the 
specimen. Holding the tape at a shallow angle, wipe the 
assembly onto the specimen surface. If the assembly is mis
aligned, lift the tape again at a shallow angle until the assem
bly is free of the specimen. Reposition and wipe the assembly 
again with a shallow angle. 

In preparation for applying the adhesive, lift the end of the 
tape opposite the solder tabs at a shallow angle until the gage 
and terminal are free of the specimen. Tack the loose end of 
the tape under and press to the surface so the gage lies flat 
with the bonding side exposed. 

The appropriate adhesive may now be applied. The proce
dures forM-Bond 200 and M-Bond AE-10 are described in 
the two sections which follow. 
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4.2 Bonding with M-Bond 200 

M-Bond 200 Catalyst should be applied sparingly in a thin 
uniform coat. Wipe the brush against the lip of the bottle 
approximately ten times to remove most of the catalyst. Set 
the brush down on the gage and swab the gage backing by 
sliding~ not brushing in the painting style~ the brush over 
the entire gage surface. Move the brush to an adjacent tape 
area prior to lifting from the surface. Allow the catalyst to 
dry at least one minute under normal ambient laboratory 
conditions. 

The next three steps must be completed in sequence within 
three to five seconds. Read these steps before proceeding. 

Lift the tucked-under tape. Holding the gage/tape assembly 
in a fixed position, apply one or two drops of M-Bond 200 
Adhesive at the junction of the tape and specimen surface, 
about l/2 in (13 mm) outside the actual gage installation 
area. 

Immediately rotate the tape to approximately a 30-degree 
angle so that the gage is bridged over the installation area. 

Holding the tape slightly taut and beginning from the tab 
end of the gage, slowly and firmly make a single wiping 
stroke over the gage/tape assembly with a clean gauze 
sponge to bring the gage back down over the alignment 
marks on the specimen. Release the tape. 

Immediately upon completion of the above step, discard the 
gauze and apply firm thumb pressure to the gage and termi
nal area. This pressure should be held for at least one minute. 
Wait two minutes before the next step (tape removal). 

( 

The gage and terminals should now be bonded to the speci
men. To remove the tape, pull it back directly over itself, 
peeling it slowly and steadily off the surface. 
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5.0 SOLDERING TECHNIQUES 

If the strain gage is without encapsulation or preattached 
lead ribbons, mask the gage grid area with drafting tape, 
leaving only the tabs exposed. 

After the soldering iron has reached operating temperature, 
clean the tip with a gauze sponge and tin it with fresh solder. 
Tin the gage tabs and terminal tabs (if used). Melt a small 
amount of solder on the tip of the soldering iron, lay the 
rosin-core solder wire across the gage tab or copper terminal. 
Firmly apply the iron tip for one second, then simultane
ously lift both solder and tip. A bright, shiny, even mound of 
solder should have been deposited on the tab. If not, repeat 
the process. If spikes are formed rather than smooth beads, it 
is a sign of inadequate flux, dwelling too long with the iron, 
and/ or an improper iron temperature. Feeding the cored 
solder into the tab area during heat application will increase 
the amount of flux available. 

For a three-conductor lead-in wire, separate the individual 
leads for 3/4 in (20 mm). Strip away l/2 in (13 mm) of 
insulation by using the soldering tip to melt the insulation on 
both sides of each end of the wire 1/2 in (13 mm) from the 
ends and quickly pulling off the insulation. Warning: Do not 
use a knife or other blade to cut the insulation. When the 
main leadwire is stranded and terminal strips are used, it is 
often convenient to cut all strands but one to fit the size of the 
copper pad. The long strand can then be used as the jumper 
wire. Soldering is made considerably easier by this method. 
This is unnecessary when the leadwires are bonded directly 
to the solder tabs on CEA-Series strain gages. 

Holding the tip of a finger on the tip of the tinned wire for 
safety, cut each wire with diagonal wire cutters leaving I /8 in 
(3 mm) of exposed, tinned wire. 

Tack the lead-in wires to the specimen with drafting tape so 
the tinned end of the wire is spring-loaded in contact with the 
solder bead. Complete the solder connection as before by 
applying solder and iron tip for one second and removing 
simultaneously. 

Apply rosin solvent liberally to the solder joints. Drafting 
tape may be removed by loosening the mastic with rosin 
solvent. Remove all solvent with a gauze sponge, using a 
dabbing action. Repeat. 

Tape or otherwise secure the lead-in wires to the specimen to 
prevent the wires from being accidentally pulled from the 
tabs. A stress relief"loop" should be placed between the tape 
and the solder connections. 

Apply a protective coating over the entire gage and terminal 
area. For most laboratory uses, M-Coat A will provide 
adequate long-term protection. The coating should be con
tinuous up to and over at least the first l/8 in (3 mm) of 
leadwire insulation. 

The properly installed strain gage will have a resistance to 
ground of at least 10 000 to 20 000 megohms. Checking 
leakage resistance with the Model 1300 Gage Installation 
Tester is highly recommended. 
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6.0 TWO-AND THREE-WIRE CIRCUITS 

All commercial static strain indicators employ some form of 
the Wheatstone bridge circuit to detect the resistance change 
in the gage with strain. 

When a single active gage is connected to the Wheatstone 
bridge with only two wires, as shown in the accompanying 
schematic, both the wires will be in series with the gage in the 
same arm of the bridge circuit. One of the effects of this 
arrangement is that temperature-induced resistance changes 
in the leadwires are manifested as thermal output by the 
strain indicator. 

Active Gage 

Two-wire circuit for single active gage (quarter bridge) 

The errors due to lead wire resistance changes in single-gage 
installations with two-wire circuits can be minimized by 
minimizing the total leadwire resistance; that is, by using 
short lead wires of the largest practicable cross-section. 

Active Gage 

s-

Compensating Gage 

Two-wire circuit for two gages (half bridge) 

When two matched gages are connected as adjacent arms of 
the bridge circuit (with the same length leadwires, main
tained at the same temperature), the temperature effects 
cancel since they are the same in each arm, and "like" resis
tance changes in adjacent arms of the bridge circuit are 
self-nullifying. 

Leadwire effects can be virtually eliminated in single active 
gage installations by use of the "three-wire" circuit. In this 
case a third lead, representing the centerpoint connection of 
the bridge circuit, is brought out to one of the gage terminals. 
Resistance changes in the bridge centerpoint lead do not 
affect bridge balance. 

For this method of leadwire compensation to be effective, 
the two lead wires in the adjacent bridge arms should be the 
same length, and should be maintained at the same tempera
ture. The three-wire circuit is the standard method of con
nection for a single active temperature-compensated strain
gage in a quarter-bridge arrangement. 

Three-wire circuit for single active gage (quarter bridge) 

Contact resistance at mechanical connections within the 
Wheatstone bridge circuit can lead to errors in the measure
ment of strain. Connections should be snugly made. Follow
ing bridge balance, a "wiggle"test should be made on wires 
leading to mechanical connections. No change in balance 
should occur if good connections have been made. 

If necessary, contact surfaces may be cleaned of oils with a 
low residue so lent such as isopropyl alcohol. If long periods 
of disuse have caused contact surfaces to tarnish, clean them 
by scraping lightly with a knife blade. 
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7.0 TROUBLESHOOTING PROCEDURE 
M-Bond 200 Gage Installation 

I attempted to install a strain gage with M-Bond 200 Adhesive, but the gage unbonded from the test surface when I removed the handling tape. 
What should I do? 

• When the gage fails to adhere to the test-part surface, it is necessary, of course, to reprepare the surface and install a new gage. Before doing so, however, follow through this troubleshooting 
procedure to isolate the cause or causes of bond failure. Among the first seven questions, any question which cannot be answered precisely and firmly with YES has NO for its answer. 
Irrespective of encountering one or more NO answers, the troubleshooting procedure should be continued via the dashed lines to identify additional installation steps which may not have 
been performed properly. In any case, a careful review of Micro-Measurements Instruction Bulletin B-127, Strain Gage Installations with M-Bond 200 Adhesive, is recommended before 
attempting to install a new gage. See also the Video Tech'" Library. 

Was catalyst applied to the bonding surface of the 
gage, using the side of the brush after wiping the 
brush on the lip of the bottle at least ten times? 

no 
Continue troubleshooting proce
dure to identify additional steps 
not properly executed. 

I 

Was adhesive applied in a drop on the test-part _.----------- .J 
surface, 1/2 in (13 mm) outside of the gage instal-
lation area as shown in Fig. 8, Bulletin B-127? -no-------.,----------~ 

Was the adhesive flowed under the gage by wip- ~ - - - - - - - - - - - ~ 
ing the gage slowly (2-3 seconds) and firmly onto 
the surface as shown in Fig. 9, Bulletin B-127? ~no--------,----------~ 

yes 

' 
I 
I 
I 
I 

~------------~ Was firm thumb pressure applied to the bonded 
gage within one second after the gage contacted 
the surface, and held for at least one minute? ~no-------;----------~ 

y. I 

Was the tape allowed to remain on the gage at _. - - - - - - - - - - - ~ 
least two minutes after thumb pressure was re-
leased? -no--------.---------~ 

yes 

I 
___________ .J 

Was the tape peeled directly back on itself as 
shown in Fig. 11 of Bulletin B-127? no------------.------------;~ 

yes I 
I 
I 
I 

Was adhesive thin and clear when compared to a 
new bottle? 

___________ ... 

yes 

Was adhesive used prior to the expiration date on 
the bottle? 

yes 

' Did adhesive remain on the bonding surface of 

no 

the gage as judged from comparison with a new -no 
gage? 

Did adhesive remain in the gage area of the test 
part as judged from comparison with a clean area -no_. 
of the part? 

I 
yes 

Replace adhesive with fresh 
bottle. 

Gage was probably contaminat
ed during storage or handling. 

Was gage installed immediately 
following surface preparation to 
prevent recontamination of 
specimen? 

yes 

no 

Using a 1 /16-in (1.5-mm) thick aluminum spec
imen, practice installing a gage, following pre
cisely the instructions in Bulletins B-127 and 
B-129. After the gage is bonded, hold the spec
imen crosswise against a rigidly mounted 
314-in (19-mm) diameter round bar, with the 
transverse centerline of the grid over the axial 
centerline of the bar. Now, bend the specimen 
around the bar until a U-shape is formed. If 
properly installed, the gage should not disband 
except for perhaps 1/16-in (1.5-mm) or so at 
either end. Repeat practice installations, diag
nosing each faulty installation with this trou
bleshooting procedure until consistently proper 
bonding is achieved. 

no 

Does gage 
bond firmly yes 
to test part? 

Reclean the test-part surface thoroughly, 
removing all traces of previous installation 
attempts, and producing a fresh, virgin surface 
of the test-object material. Make certain that all ...,.1------, 
surface preparation materials are clean and 
within their recommended shelf lives. Using 
fresh adhesive and catalyst, and following the 
directions in Bulletins B-127 and B-129 pre-
cisely, reattempt the gage installation with a 
new gage. 

Surface may have been con
taminated after surface prepara
tion. 

Was the adhesive in the gage area dry, indicating 
that it had properly set up? no Inadequate thumb pressure, or tape removed too 

soon, or humidity or temperature too extreme. 1-----------1~ 

Is adhesive present on the test part in the area 
completely surrounding the gage area, indicating -no 
that adhesive flowed out beneath the gage? 

Insufficient adhesive used, or adhesive not wiped 1------------., 
uniformly over the entire gage area. 
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