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AN IMPROVED TOURMALINE AIR BLAST GACE

Abstract

In order to meet the requirements of a program for
measuring blast pressures of large caliber boubs at
the Aberdeen Proving Ground a piezoelectric tourmaline
crystal blast gage has been developed and methods of
producing it in large quantities have been worked out.
Successive calibrations taken on individual gages show
a standard deviation from the mean rarely exceeding 1%;
and an output that shows no significant departwre from
linearity in the pressure range from three to sixteen
pounds per square inch. Details of construction and
calibration are given.




AN IMPROVED TOURMALINE ATR BLAST GAGE

I. INTRODUCTION

A, The Piezoelectric Blast Gage. Piezoelectric gages are
used extensively in the measurement of the time variation of the air
blast pressure from bombs and guns. Changes in the pressure applied
to a gage produce proportional amounts of electric charge which charges
up the capacity of the gage and connecting cable. The resulting
voltage is smplified and recorded photographically as a function of
time by means of a cathode ray oscillograph. If the oscillograph
deflection with gage and cable attached is recorded for a known charge
and the calibrstion constant for the gage (i.e. charge per unit pres-
sure) is known from previous measurement, the gage record can readily
be calibrated in units of pressure.

B, Types of Piezoelectric Crystal. The crystals most widely
used in piezoelectric gages are quartz, tourmaline, Rochelle salt, and
ammonium dihydrogen phosphate. Of these crystals quartz and tourmaline
have proven most suitable for quantitative blast measurement. Quartz
gages have the disadvantage that they must be constructed with a piston
or disphragm for directing the force to particular surfaces of the cry-
stals, and other faces must be protected from the pressure changes.
Unlike quartz, tourmaline is sensitive to hydrostatic pressure. Thus
the mechanical design of a gage can be much simpler if tourmaline is
used instead of quartz because no force-directing structure is necessary.
A disadvantage of tourmaline is that it exhibits a pronounced pyro-
electric sensitivity, whereas quartz does not. Despite the pyroelec-
tric effect, however, the piezoelectric constant of tourmaline is in-
dependent of temperature, If the crystals in tourmaline gages are
coated with & layer of thermal insulstion, the pyroelectric sensi-
tivity is not objectionable in the measurement of blast. In the de-
velopment of a satisfactory gage at Ballistic Research Laboratory,
Aberdeen Sruving Ground, Md., it was found that the difficulties of
tourmaline were more easily overcome than those of quariz.

C. The NDRC - Stanolind Tourmaline Guge. A tourmaline gage
for air blast measurement was developed by Division 2, NDRC and(yﬁs
manufactured in improved form by the Stanolind Ges and 0il Co. It
consists of a stack of four to eight tourmaline discs soldered to-
gether, with electrodes between the crystals. A process was developed
for soldering directly to the crystel surface. The stack is surrounded
for a plastic heat insulating material and a flexible electroststic
shield. A lead of relatively non-uicrophonic shielded cable is con-
nected with the crystal electrodes which are in parallel electrically.

(1) Sce OSRD Report Ho. 4619 "Development of Blest Cages & Recording
Equipment" - T.I.B. Ko. T5L9a.




The Stanolind gages were used by Pallistic Research Leboratory in
testing bombs for ebout a year and very good results were obtained

gt first. However, the gages were fragile and when used constantly
would deteriorate rapidly. Furthermore, there were often gages for
vhich the calibration varied. These gages were almost alw?§7 found
1o have loose electrodes, due to defects in the soldering. Finally,
e sufficient number of gages to satisTy the needs of Ballistic Re-
search Laboratory could not be obtained from Stanolind, Due tc these
difficulties, it was decided to attewpt the development at BRL of a
rugged and relatively simple tourwaline gage.

D. 'The BRL Tourmaline Gage. Aftter a long period of de-~
velopment, a satisfactory tourmaline gage was produzed at BRL. Its
sensitivity is spproximately TSuu C/psi. The gage combines rugged-
ness with constancy of calibration, and can easily be constructed in
quantity. A large number of these gages have been in almost con-
tinous use for the past six months in testing bonbs. With the ex-
ception of those Lit by fragments, veryfew have developed any fault.
Blast records obtained with them are of good gquality and show no
apparent gage frequencies.

II. GAGE CONSTRUCTION

A. _QGeneral Description., Pigure 1, is a photograph of the
BRL t?usmaline gage at several steges of construction. It contains
four {3) tourmaline plates with five silver foil electrodes, plates
and foils alternating. The plates and foils in the sbtack are cemented
together with a thermosetting cement, monomeric butyl methacrylate
(MBM). The stack is cemented to a steel block. A brass ring of the
same outeide diemeter as the block and slightly higher than the stack
is bolted to the same face of the block to which the stack is cemented.
Thus the stack of crystals is fastened to the bottom of a cup-like
metal housing,

The crystals are so arranged that the sides which are
positive vith compression are in the directions indicated in Figure
2a, Electrical connection is made Lo the foils by means of project-
ing tabs. The positive tabs project from the stack in one direction
and the negative in another. The plates are circular except on one
side, vhere the boundary is & chord of the circle. This flattened
side (see Figure 2b) allows space for making the tab connections. The
negative tabs vhich include the top and bottom ones of the enbire
stack are fastened to the steel block.

The cable is British Telconax. It is especially made for
measuring blast with piezoelectric geges, and is practically free of
the signal resulting from mechsnical agitation which is encountered
in other types. A length of aboubt three feet is attached to the gage.

(2) 1t it understocd trat recent improvements have been wade which may
have eliminated these difficulties.
(3) Another wodel has eight plates, sensitivity 120 py C/psi.
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Tt enters the gage housing through a brass sleeve in the side. The
shield at the end is unbraided for a short distance and anchored under
a notch in the ring and soldered to the outside of the ring, as shown
in Pigure 3. The central conductor is soldered to the positive tabs.

The material used for heat insulation is General
Electric Cable Joint Compound No. 227. It is a high melting point
wax similar to pitch in appearance, The wvax is melted and poured
over the stack until ibs surface is level with the top of the ring,
Tt clings very tightly to the crystal and metal surfaces. The
thickness of the ring is suchi thet the layer of wax covering the
stack is about 1/]6 inch. The wax is relatively plastic in
comparison with the crystal. Thus it can transmit hydrostatic pressure
to the crystal, Evidence supporting this was obtained by a simple
test. A gage vwhich was calibrated with several different thicknesses
of wax always gave the same calibration constant.

A disc of copper foil is atbached to the top of the
ring, in contact with the wax, to complete the electrostatic
shielding of the stack,

The leakage resistance of the MBM cement is very
high. Thus it does not wmatler if cement adheres to the edges of
the crystals, bridging the gap between successive foils. A test
was made to determine whether or not cemenl bebween the crystals
conbributes to the piezoelectric oubput. A dummy gage was made
of glass plates instead of crystal and was calibrated. It gave
no charge, indicating that the cement is inactive. It is believed
thst in this type of gage soldering crystals together has no ad-
vantage over cementing.

Detailed construction informetion is presented in
the appendix.

III. CALIBRATION RESULTS

A, Method of Calibration, Most of the calibrating has
been done oscillographically., From one to four gages are calibra-
ted st a time. They are placed in a small pressure tank with a
cellophane window. The air pressure in the tank is raised, and its
value read with a Bourdon gage. The pressure is then released very
suddenly by puncturing the cellophane window. A multi-trace os-
cillograph record taken at the time of release gives the deflection
for each gage. The charge liberated by each gage is determined from
the rotio of this deflection to that produced by a standard charge. (4)
The calibration constant is the ratio of the initial tank pressure
(excess above atmospheric) to the liberated charge. Pressure oscilla-
tions persist within the tank until about five to eight milliseconds
after release. The dofiection is measured at a point on the record
ten milliseconds after relesse, since wilthin ten milliseconds all
oscillation is completely damped.

(%) "Whe meThod {or applying the standard Charge is similar ©o
that descriled in OSRD Report No. 4619,
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B, Consistency of Calibrations. Nine successive cali-
bration records are taken Tor each gage constructed, all at approxi-
mately 20 psi. The standard deviation of individual measurements
from the mean for the nine corresponding values of calibration
constant is almost ‘always less than 1%. Definite trends in a
series ol values never appear, although with the Stanolind gages
this often occurred. When a gage which has been used for secveral
months is recalibrated, its constant almost always agrees with the
originally determined value to within 2%.

C. ULincarity. Mo evidence of nonlinearily has ever been
found. Table T gives mean values of a calibralion constant measured
at several defferent pressures, with the standard deviation of the
mean for each value. There are no significant differences.

TABLE T
Gage Wb
Pressure Sensitivity
3 Th.0 + 1,5
6 Th.7 + 0.3
10 .8 + 0.2
16 T4 7 + 0.07

D. Temperature Dependence. Gages were calibrated at two
widely separated temperatures. The observed differences in calibra-
tion constant are not significant. The data is given in Table IIL.

TABLE IT
Cage Sensitivity Sensitivity

at 259 C. at o C.

ue  Cfpsi up  C/psi
Th2 78.8 + 0.3 7.7 + 0.3
68 63.8 + 0.4 65.4 + 0.5

Thowas D, Carr, Physicist

Mary A. Bakinowski, T/b
Laboratory Technician
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APPENDIX I

Details of Gage Construction

1. Preparation of Crystal Plates

Cutting: ?ogrmaline crystal plates were cut from the follow-
ing specifications: Crystal stock to be supplied by the Government.
Plates to be cut perpendicular to crystal axis for maximum piezoelectric
response to compression 0.060 inch plus or minus 0,02 inch thick and
ground flat plus or minus 0.0001 inch, uniform in thickness, natural
size and shape. Finish Tine ground.

The cutting to gage size is done in the laboratory as follows:

A Ybiscuit cubter" is constructed of 1-3/4" I.D.
copper tubing and %£§2" wall thickness for use
in a drill press. Four notches are filed in
grinding edge of the biscuit cutter with abrupt
leading side and sloping trailing side.

Silicon Carbide Abrasive Grain is used as cutting agent. Mix
2/5 of size 220 with 3/5 of size 100; add water until of loose paste
consistency.

Use melted wax to attach erystal to a steel plate for cubtting.
Cool wax thoroughly before cutting. Place plate on drill press table
and fix biscuit cutter in drill chuck. Adjust plate position until
biscuit cutter projects slightly beyond the edge of the erystal plate
in order to cut out a piece of crystal of approximate dimensions as
shown in Figure 2,

Clamp plate to drill press table., Attach weights and spyring
to handle of drill press in such a way that consiant pressure will be
&pplied in cutting. Start drill press, using m=dium speed. Apply
compound to crystal, bring cubtter inbo contact with crystal. As cub-
ting progresses, add compound and water when necesssry. Cutting pro-
cess takes from 3 to 5 minutes.

To remove cut crystal from plate, heal beck of plate until
wax is welted. Remove with spatula. Do not force. Clean excess
wax off plate end repeat the process Tor next crystal.

Clesning Crystals. Renove excess wax and compound with razor
blede., Clean vwith carbon tetrachloride and cotton. Clean thoroughly.

(1) This was done for BRL by Reeves Sound Labor.tory, New York.
(2) rethod is described in Strong, "Procedures in Experimental Physics™




Testing for Polarity. A cathode ray oscilloscope is used to
determine crystel polarity. Iay crystal on metal block which is con-
nected to oscilloscope ground, On crystal, place electrode connected
by shielded cable to input. ILay a piece of thin sheet bakelite on
electrode and tap with pencil eraser. Deflection is upward or downward,
depending on whether top side of crystal is positive or negative.

Mark negative side with pencil.

2. Preparation of M. B. M,

Partially polymerized Monomeric Butyl Methacrylate (3) is used
as a cement for securing stacks of crystals and foils together and to
the base of the gage. :

Precaution! M.B.M. must be kept in a dry ice refrigeralor
when not in use. Dissolve 3 or 4 grains of benzoyl peroxide catalyst
in a 25 c.c. beaker of M.B.M,

Isy a metal shect over gas burner and use a moderate gas
flame for cooking. Lay a piece of paper towelinz over metal sheet.

Pour mixbure into glass cooking vessel snd put over flame,
Stir constantly with thermometer, watching temperature rise.

Material can be heated to sbout 150° C. initially, and then
cooled to 100° C. for partial polymerization, '

Once the polymerization reaction has started, it is exothermie
and must be watched. To keep under contrcl it is necessary to lowver
the Tlame just as the temperature reaches 150° C. In the case of per-
sistent rise in temperature, turn out fiame or remove from stove at
1500 C.

Keep stirring until tewmpersture comes dowvn to 100° ¢. Pour
into glass contairer. Preparation is ready to uvse. 25 c.c. of this
preperation is enough for approximately 25 gager of U crystals each.

M.B.M is good for about cne week vhen loft standing.

3. Assenbly of Gage

Preparation of (age Base

The metal parts of the gage are made according to Figure 3.
Clean gare bace of oil and grit., Screw tinned coldering lug to base
for negative terminal.

(3) Furchased frou Rohm and Rass, Philalelphia, Va.
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Preparstion of Crystals and Foils

Electrodes for crystals are made of 0,001" silver foil.
Select 4 crystal plates and cut foil to match each plate. TIeave
tab projecting from straight side. Cubt tab at such an angle that
it will it over its proper terminal, (See Figure 2 b) Clean foils
with carbon tetrachloride.

Steps in Cementing Stack and Baking

Mark gage base by setting brass ring in its proper position
and going around the inside of it with a scribe. This mark serves
as a guide for placing the stack. When stack is centered, there should
be a space of about l/ " between edge of stack and the mark.

A small paint brush is best for applying the cement (M,B.}).

Paint negative foil and place directly on the gage base. Ad-
Just it so that tab will lie over negative terminal and that negative
side of the crystal plate will it over it.

Immediately paint nesative side of the f'irst erystal and
place it over the silver foil. Apply pressure with the fingers, be-
ginning in the center of plate and woving outward to the edges to
force out the air bubbles.

Top of crystal is positive. Paint top and lay positive
matching silver foil over it with tab projecting from side opposite
to the nerative one. Use pressure as before. It is preferable that
pressure is applied over checsecloth or a wetal block in order to keep
finger prints and perspiration off parts. Lay the painted positive
side of another plate on the positive silver foil.

Plates are always laid with adjacert sides of polarity es
shown in Figure 2 a.

Top surface is now negative. Continue process until all
are stacled. Stack is completed with a negative crystal surface and
foil on top.

Vhen stack is completed, place brass ring in position and
rake it secure with screws. TFill sysce zround vwith 2 waterisl that
will stard heot, to keep stack froem sliding during the final poly-
merizetion. TFolded sheets cof cellophane has been found to be useful
as a Tilier.

Cover stack vwith e sheet of cellcophane and set a weight
on it. WVeight sheuld fit irto the inside diemster of ring. Dis-

trivute veishis evenly.

Tet alr dry for an hour. Then place ¢ore with weights in
an cven of o comstent teuroratuve of C2° ¢ (1350 F.).

For a ctack of b crystals of 1-3/h" diameter bake for 2
hours.
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(2

Bake a longer or shorter time depending upon the area and
height of stack.

Remove from oven, remove ring and weights. Teke care in
removing cellophane which may be stuck to top silver foil,

Cut excess M.B.M. from around stack with razor blade.

Clean with carbon tetrachloride all excess cement thal can-
not be cut.

Solder negative tabs to terminal lug.

Test leakage resistance from positive to negative tabs with
voltohmist., Should be infinite (>>10941)

4, Connecting Cable and Filling of Gage

The cable (British type) is inserted through the brass tube
inside of gage base. Use 3 feet of cable for each gage.

The following method is best for threading the cable through
the tube:

Strip sbout 2-1/2" of the rubber cover exposing shielding.
81ip shielding back and bare inside lead for 1", Slide shield back in
place and use it as a guide for pulling cable through. Pull until
rubber covering of ceble is all the way in the brass tube.

Shielded part of cable is now on gage base. Unweave shielding
threads and bring out belveen ring and base to be soldered to outside
of ring for contact.

Strip and cut inside conductor to suitable length and solder
to positive silver foil.

Test terminsls for infinite resisbtance.

File a little hollow in brass ring, evough to permit un-
braided shielding to pass through. Screw ring in position and solder
shielding to ring.

Prepsre a copper foil diaphragm .002" in thickness and of the
same diamcter as gage base. Cut a bab for contset 1o one side of the
outside of ring, Tin contact peoints.

Assembled gage is ready for filling, providing resistance is
infinite.




If voltohmist shows low resistance, examine silver foils
around edges to make sure there is no contact. If low resisbance per-
sists it may be due to humidity. Heating or placing gage in jar to
vhich Calcium Chloride (CaCL2) grains have been added will help.

Wex (G.E. Cable Joint Compound No. 227) is used to fill the
gage.

Melt wax over gas burner, Heat gege slightly so that hot
wex will flow better for filling.

Use toothpick., Start at one point and work around and around
layers until gage is filled a little gbove level of ring.

Watch for air bubbles vhile filling., Eliminate all,

Remove gage from heat and let cool a little before placing
copper diaphragm,

Lay diaphragm over gage and press oubt excess pitch with
block of wood over paper toweling. Apply even pressure and wipe off
excess., Repeat until 11 excess has been forced out and diaphragm is
level with ring, Allow to cool and test for infinite resistance.

5. Finishing Touches

Clean outside of gage with carbon tetrachloride or benzine.

Solder contact of diaphragm to ring.

To make air tight and prevent leaks epply adhesive (M 3) (4)
at cable entrance into tube. Force some of it into tube and paint
ground cable. Allow to harden overnight. Two or three thin appli-
cations are better than one thick one.

Place label made from copper sheeting stawped with number
of gauge about one foot away from brass tubing on cable.

Gage is finished and rezdy for calibrating.

(%) Purchased from Minnecota Mining & Mfg. Co.
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APPENDIX II

—— t—

Photographs and Drawings

Fig, 1 - APG No. A32901 - Gages at several stages of
construction.

Fig. 2 - Drawing BG 211 - Diagram of Gage

Fig. 3 - Drawing BG 210 - Tourmaline Blast Gage

-11-
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