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VTAB: A PASSI-VE IMPULSE GAGE (U)* ' 

W. J. COMFORT, Lawrence Livermore Laboratory, Livermore, California 9^550 

ABSTRACT 

A passive gage has been developed for impulse measurement in a nuclear 
environment. It can be designed to be unaffected by ground motion for 
typical amplitudes of 30 to "50 g. Design tradeoffs can be made to extend 
this level to 1,000 g or more, depending upon the sample and impulse levels 
to be measured. A single gage can be designed so that its measuring range 
is 15 to 20 times its threshold value. The configuration of the gage is a 
cantilever beam with a sample attached to the free end. The fixed end bends 
over a curved anvil of known radius which serves two purposes: (l) it 
defines the maximum strain in the beam so that the ultimate strain is not 
exceeded, and (2) it causes plastic bending to occur over some distance, 
rather than at a point. By increasing the width of the beam linearly, 
starting at the fixed end, the calibration curve of impulse versus angle 
of bend can be made nearly linear rather than having the parabolic shape 
characteristic of many passive impulse gages. .An associated computer code, 
VTAB, is used to calculate design parameters for the gage and predict its 
response. 

INTRODUCTION 

Impulse measurements in underground nuclear tests often require specialized 
gages that must perform reliably. Active as well as passive gages have been 
designed for this purpose with varying degrees of success. The passive gage 
presented here is reliable, easily designed and built, analytically predict
able in its response, and able to withstand the underground nuclear test 
environment. It is an improvement of the cantilever tab design used previous
ly by others. The original design, Figure 1(a), required the beam to bend 
about a sharp corner, whereas an improved version, Figure 1(b), has a curved 
anvil for the beam to bend around 

One difficulty with the original design was that it was not as analytically 
predictable as desired, mainly because of the likelihood of exceeding the 
ultimate strain of the beam material due to the sharp bending, with the re
sultant breaking of the beam. The present design, with the beam bending over 
a known radius, possesses several advantages? (l) the range of the gage is 
increased, (2) the response curve can be predicted and can be made linear if 
desired (by tapering the width of the bending portion of the beam), (3) the 
maximum strain in the beam can be limited to a known values eliminating beam 
breakage, and (U) the strain does not occur at only one. point but rather over 
a region. The design shown in Figure l(c) has been replaced by the design 
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Figure 1 
Variations of tfie Passive Impulse Gage 
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shown in Figure 2. The effectiveness of the tapered section is unchanged, 
while lateral stubility of the beam is greatly enhanced. 
Additional improvements have been made, compared to-previous designs in which 
rivets /ere used for holding the sample. The new design, shown in Figure 2, 
not only holds the sample securely, but also allows full sample exposure. 

Comparisons of M'S data obtained from active impulse gages and from the 
passive VTAB gages are quite good. 

THEORY 

Predictability of the impulse gage response is dependent upon the sophistica
tion of the theoretical modal and the accuracy of the material properties used 
in the calculations. Fortunately, because of the nature of the mechanics of 
the problem and the opportunity for choice of Materials, the characteristics 
of the system can be designed with reasonable confidence with even the 
simplest model. 

The basic approach presented here uses energy methods rather than dynamics. 
xhe two assumptions involved for all of the theoretical models ares (l) 
simple, bending equations, with edge and end effects neglected, apply, and (2) 
the surface between the bending section of the gage and the cylindrical anvil 
erounct which the gage bends is lubricated; i.e., no shear develops at the 
surface of the beam due to contact with the anvil. 

The simplest jnodel consists of an elastic, perfectly plastic idealization of 
the be-wn material end a. beam of constant width. For stany problems this is a 
sufficiently valid approach, and where aec^s to - coaster is either diffi
cult or iisvifarranted5 it represents the most practical solution. This model 
leaS- to tbs following expression .for the plastin moraeat M developed in a 
rectacgule^- beam in simple bending; 

where b is the width of the beam, h its thickness, ay the yield stress of the 
material, and y e the distance from the neutral axis to the point where the 
stress in the beam reaches oy. Since typical designs would force the material 
well into the plastic region, y e becomes very small compared to h/2, thus 
allowing the second expression within the brackets to be neglected. The 
resulting simplification is 
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It is important that the material'be kept from reaching or exceeding its 
ultimate strain in the outer fiter of the beam. For this reason, an appro
priate radius RQ is chosen for the anvil around which the beam is deformed. 
The expression for the relationship between the maximum strain in the outer
most fiber (e_) and the radius about vhich the beam bends is 

B 0 = | ^ - l ) . (3) 

The neutral axis is halfway through the thickness of the beam, so its radius 
(r) is R Q <• h/2, or 

h w 
In order t o express in a mathematically t rac table form the re la t ionship 
between the energy absorbed in the p l a s t i c moment and the kinet ic energy 
introduced into the end of the beam, some simplifying assumptions may be made 
for th i s model; ( l ) the mass m at the end of the beam t ravel ing with veloci ty 
v i s a point mass, (2) the beam i s weightless, and (3) the bending of the beak 
around the anvil does not produce sufficient shortening to affect i t s behavior. 
Thus, the following expression may be derived: 

| m v 2 = M 8 (5) 

where 6 is the angle through which the beam is bent. 

To take into account the elastic energy absorbed in the beam before bending, 
the expression may be derived for the elastic energy (E 1! 

where % is the unbent length of the hinge section and E is the elastic modulus 
of the material. Equation (5) may. then be written 

1 2 b h 2 q y 9 , a hbfc -,_; 

Rearranging Equation (7) in terms of momentum per unit areas where A is the 
area over which the specific impulse I is distributed, one earn write the final 
expression for this simple model as 



As a consideration for design, the smallest impulse measurable by the gage is 
one for which 0 is greater than zero, i.e., one that leaves the gage bent to 
some small extent. 

COMPUTER CODE VTAB FOR GAGE ANALYSIS 

For a more precise theoretical model of the gage and a more versatile and 
accurate prediction of its calibration curve, a computer solution may be used. 
The following considerations may now be included: (l) the rotational inertia 
of the beam and the sample is considered, (2) the beam length shortens as a 
linear function of the bend angle, (3) the nonlinear stress-strain curve is 
used', (!») the plastic moment varies as a function of r in going from the 
straight beam (r = °°) to the final radius required by the anvil, and (5) 
elastic "springback" of the gage beam is considered. 

Analytical expressions for many of these effects can, of course, be developed. 
In this case,, however, a computer solution was chosen as a simpler technique. 
The computer code VTAB was written in order to consider all of the above 
effects in predicting the calibration curve and in doing the gage design work. 
The code considers the case where the bending portion of the hinge widens 
linearly with distance along the hinge from the fixed end, as shown in 
Figure l(c). The reason for this modification is that the calibration curve 
approaches linearity as the b/bg ratio increases, instead of having the para
bolic shape it would have with a beam .of constant width. This modification 
improves the resolution of the measurement at low impulse levels. 

To understand how a tapered beam width gives a linear response curve, consider 
the following: Rearranging Equation (5) in the form 

one ca£ see that if 8 (under the radical) could be raised to the second powers 

the equation would be linear. In order to do this3 it is possible to intro
duce a linearly increasing section as a function of 8 0 

b = k0, 

where k is a constant. This would linearize the equation perfectly, except 
that in the physical situation the width cannot start at aero; thus the 
equation of the width must be 
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b = b„ + k8 

where b is the initial width of the beam. Furthermore, the elastic terms and 
various other complications reduce the linearity somewhat; but, as may be seen 
in Figure 3, the linearization technique is quite effective. 

For most problems, strain rate effect appears to be minimal since the strain 
rates usually encountered are on the order of 10^ in./in.-sec or less. Most 
aluminums (which happen to make good hinge materials) do not (show significant 
strain rate effects below 103 in./in.-sec. In the event strain rate were a 
problem, the code could be modified to include strain rate effects without 
much difficulty. 

GAGE CHARACTERISTICS 

One of the greatest concerns for good design involves the requirement that the 
gage withstand handling and environmental loading without giving erroneous 
data. Consideration of the beam thickness and length, and to a lesser extent 
the width of the hinge portion of the beam and the sample mast9 must tie traded 
off against one another for most effective designs. This is the reason for 
making the beam length and sample mass as small as possible while making the 
hinge thickness and width as large as possible. A reasonable approximatioia of 
the maximum g-loading the beam will withstand without deformation is given by 
the following expression: 

where n is the number of g*s and L is the distance from the anvil to the 
center of mass of the sample. Good design requires a tradeoff between the 
g-loading expected, the beam hinge proportions and gage measuring range. 

The gage can be designed to withstand rather severe g environments. For 
example, it car? be designed to withstand acceleration of 30 or more g :s normal 
to the sample at uny engle of bend with no change in the existing bend angle. 
The gage corresponding; to this design has a range of 220 to 5,200 taps and a 
sample areal density of U g/cm . Sensitivity to g-lo&din rs is greatly reduced 
after impulse produced deflection of the beam about the anvil has occurred. 
This is because of the reduction in the moment arm and, in the case of the 
linearly varying width beam, the increased width of the beam at the fixed end 
of the cantilever configuration. Because ground motion arrival times are long 
compared to gage response times, the post impulse sensitivity can be used as 
another tradeoff possibility. For example, a gage with a sample areal density 
of 2 g/cm2 and an impulse range of 3^,000 to 61,000 taps can be designed to 
withstand loadings of 1,000 g. The reduced range is an obvious disadvantage 
as a trade for reduction in g-loading sensitivity5 however, the example is 
used to show the effect of tradoffs in this case. This philosophy, however, 
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Figure 3 
Typical VTAB Calibration Curve 
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implies that the impulse must exceed 3^,000 taps in order to give valid data 
if the ground shock environment is 1,000 g. The same gage and sample vould 
have a range of 2,200 to 6l,000 taps if the g environment were less than 200 g. 

The maximum impulse, which the gage is capable of measuring, can normally be 
designed to he about 15 to 20 times the threshold value, which is the point 
at which the elastic limit of the beam is first exceeded and permanent bend
ing results. This wide range leaves considerable margin for error in predict
ing the impulse to be measured. 

GAGE PERFORMANCE 

Experimental calibrations have been run using an air gun accelerated pro
jectile for imparting momentum, and a ballistic pendulum for measurement of 
momentum. The technique is highly successful and repeatable. Comparison of 
the.VTAB code calculated curves and the calibration curve indicate that the 
VTAB code prediction is approximately 15# low. This error can be reduced by 
increasing the sophistication of the model; however, for design purposes, 15$ 
is sufficient. 

Averages of impulse measurements of samples of 20lU aluminum fielded on both 
VTAB's and active LDT (LLL) gages agreed to within better than 5jj. The 
samples were fielded at Station 2B in the Mint Leaf event, and the experi
mentally derived calibration curve was used for the VTAB gages. 

CONCLUSIONS 

This passive impulse gage has several important advantages, including relative
ly low cost for applications in the hostile environment near an underground 
nuclear explosion. Either form of the gage, i.e., with constant width or 
tapered hinge portion, has a response that can be accurately predicted and 
covers a usefully large range. The gage is relative?y insensitive to the 
extraneous shocks that it may experience in handling or during the experiment. 
With the tapered hinge section, the gage has a nearly linear response curve, 
which gives improved resolution at the lower end of its measuring range. The 
VTAB code makes it possible to quickly design and build an appropriate gage 
of this type for any specified impulse-measuring application. 
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