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ABSTRACT

A Helix Pressure Gauge to indicate roof bolt loads
was designed, fabricated and fleld tested. The gauge
indicated loads between 3,000 and 15,000 pounds with a
+ ten per cent error., The cost of fabrication of the
gauge was estimated to be $3.39 including an assumed
overhead and profit per indicator for a serles
production of 5,000 units., The unit can be read on a
bolt to within 4+ 1,070 pounds load from a distance of
twenty feet.



FINAL REPORT

HELIX PRESSURE GAUGE TO INDICATE ROOF BOLT LOADS

INTRODUCTICH.

The objective cof this research project was to develop
and fadbricate a low-cost gauge to indicate loads for mine
roof bolts, Laboratory and field testing were required to
validate the design of the gauge. It is the purpose of this
final report to summarizs the work done, to give a detailed
report on the final design and to submit an economic study
of the cost to produce the gauge.

REVIEW OF WORK.

The Helix Pressure Gauge was developed to achieve
visual indication of roof bolt tensions in mines., The gauge
provides an easy, safe reading of bHolt tensions in mines where
a potentially dangerous situation might exist. The usefulness
of the Helix Pressure Gauge comes to iamportance in mines in
bringing attention to severe roof problem areas.

The gauge consists principally of a Bourdon tube
attached to a pressure pad. The pressure pad and tuhe are
mounted between a standard plate and bolt head and torqued to
the correct required tension. When the tension on a roof bdolt
has the correct torque the Bourdon tube shows this tension on
the roof bBolt indicator. As the tension on the bolt is reduced,
due to the reduced efficiency of the anchor over a period of
time, the tube provides a visual indication of the residusl
bolt tension,

The original design concept for the gauge was to use
tuting as a pressure cell and form a Bourdon tube from the
sare tubing. A patent search was done to determine if other
investigators had any suggestions on the use of hydraulic
presasure to indicate roof bolt loads. No applicable patents
were found,

The search showed, without exoception, that the previous
work was directed at deforming either steel or rudder. These
naterials gave either g gross indication of 10ads or a
measurable quantification within the elastio limit of the
material. he limitation of this approach is the variability
of the material itself under deformation, This gave rise to
variadble results.,

A llterature survey 4did not disclose any recent
pudblications on Bourdon tube design but a very recent interml
publication of the Handy and Harman Tudbe Company, Ine.,
Norristown, Pennsylvania discussed design parameters for
Bourdon tube selections, Tip travel 1is the movement in inches



at the tip of the Bourdon tube. 7The publication recommendu
the foilowing empirically developed relationship:

2
Tip Travel = K SRt Lﬁg-

is a constant

is the applied pressure or vacuum

is the free angular length of the spring

is the radius of curvature of the free spring

the outside dlameter (OD) of the long axis

is the outside dlameter (OD) of the short axis

is the wall thioknes- of the tube

13 the modulus of the elasticity of the tubde
material.

Where
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[y
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The recommended ratio of the OD major axis to the minor
axis 1s 3.7 to 4,3, The study unfortunately 414 not give enough
design varameters for a prototype roof bolt indicator gauge.
The report 414 suggest keeping the long and short axes outside
dimensions constant while varying the wall thickness for
prototype development,

Stainless steel tubing was initially chosen for
development of the prototype roof bolt gauge because of its
corrosion resistance and strength., A series of 316 steinless
steel tudbing sizes frcm 1/16 to 1/4 inch were used for early
experimental work., The tubing was connected to a Simplex
hydraulic pump with a pressure capadbility of 10,000 psig.
Experiments with 1/8 inch tubing showed that at rressures
up to 10,000 psig, no movement of the tudbe tip was observed
for a four-inch radius., It was clear that the tubing would
have to be flattened to the Bourdon tube configurs:ion, A
small hand operated rolling mill with four-inch rolls was
designed to roll the tubing material to a tolerance of
+ 0,001 inch in size. The tube tip travel of 0.25 inches was
recorded at 500 psig with the flattened tudbing., But when
the pressure was increased to 1,000 psig work hardening of
the edges of the tubing caused fallure at the edges. This
indicated that the Bourdon tube, Or hereafter referred to
as the Helix indicator coil, would have to be made longer and
a configuration was developed to increase the coil length
without increessing the overall length of the gauge.

Stainless steel, mild steel and aluminum tubing wire
investigated for use as a tudbing material for the Hellx coll,
All of the materials oould be made to work, The choice was
made for aluminum because of the cost factor., During the
early part of the investigation the cost for stainless st. -}
tubing was 3% cents per foot, the steel tuding was 17 centa per
foot and the aluminum tubing was 9 cents per foot., Comdined
with this price differential was a significant difference in
the modulus of olnsgieity between steel at 29 x 10° psi and
aluminum at 10 x 10° psi. It was also determined that the



aluminun had advantages over mild steel in normal atmospheres
in that it resisted corrosion better than the mild steel. This
mms determined by leaving coils of steel and aluninum outside
‘or three months during the winter. The steel sorroded
heavily, while the aluminum surface 4id not visually show any
corrosion. It should be noted that corrosion studies under
ground were not conducted,

The aluminum finally chosen for the gauge was a 6061-T6
alioy with a tensile strength of 35,000 psi. The decreased
modulua of elasticity of aluminum as against steel results
in almcst three times as much tip travel. This is shown in the
equatlon for tip travel, This combined with a substantially
lower cost for aluminum, clesrly indicated that it was the
preferred choice for the indicator coil.

Certain equipment was designed here at the Virginie
Polytechnic Institute and State University to fabricate the
gauge., Other equipment used was standard machine shop
equipment. The following equipment was fabricated:

1) a small land operated rolling mill
to flatten the tubing

2) a pad die to crimp the pads from stalnless
steel

2) a Jig to position holes for drilling

) olips to hold the pad in seat for

silver solder sealing

S) a die to bend the top plate to a proper
angle

The original design concept for the sauge was to use the
tubing as a pressure cell amd form the Bourdion tube from the
sane tubing, It was found that to achieve an adequate tip
travel a substantial quantity of fluid was required to expand
the Bourdon tube., The tubing used for the pressure cell A4id not
have the requisite spring-back characteristics and became
vermanently deformed, Theraiore, methods were sought to
fabricate a cell from plasties. This 114 not work due to the
low tensile strength of the tudbing. Under a long term loed the
walls falled., This, coupled with difficulties in sealing the
ends of the tubing, caused the abandomment of this approach.

Subsequently, & cell was designed using stainless steel
and a low temperature silver solder for sealing. Statie
tests of this design indicated with no Helix co0ll attached
that 1t was possidble to obtain 4,000 psi. A loed of 2,000 pst
was then used for design., This was subsequentially reduced
to approximately 1,000 psi in the fimal design.

It was recognized that the dolt load was too large
to be transmitted directly to the pad. The ped sige with
a full load of 20,000 pounds and a 1,000 psi design limit
would require a design upper limit of 20 square inches, or a
pad of approximately eight inches in diemeter. Clearly, this
would be too large and would increase the cost of the sauge
significantly. Therefore, a lever was used tc reduce the
Pressure on the pad to approximately 3,000 pounds.



The first method investigated was to use a dar in the
lever assenmbly, This method was abandoned becauss of the
difficulty of holding the bar stock in place. A modified
design was tried using the bar consept but gave trouble in
that the bolt heads on the roof bolts tended to bend at the
bolt head and therefore this desigzn was abandoned. See
Figure 1. The material itself was then bent to form a part
of the lever and a knife edge was used for ona of the other
edges of the lever. This gave good results and was incorporated
into the final design, .

Alignaent of the gauge is non-sritical due to the
clearances on the bolt holes, The lever is placed on the rear
edge of the top plate s0 as to clear the holes. This is done
by visual alignment., The lever is then clamped and welded,

The final design was the result of over 300 manufactured
prototype gauges., It was found during the investigation that
series runs on a particulsr design were required to obtain
information on manufacturing difficulties as well as to obtain
enough Aata on variations between gauges.

Sealing the tip of the tubing. When stainless steel tubing
was first investigated it was fourd that sealing the tip with
silver solder by the use of a reducing flame with an acetylene
torch gave accsptadble results. Brazing the tip of standard
steel tubing also worked. In both cases it was an extremely
time-conswming operation requiring skill to assure that the
tip would not leak. This led to the investigation of the
possibility of soldering the ends of the tips with a low-
temperature stainless steel solder which melts at 435°
Fahrenheit. It was found that after many attempts the internsl
pressure in the tubing caused the tubing to comespart, even
though the material inside the tubing had bdeen sufficiently
wetted, A co0ld welder was also tried. This device seals the
ends of tubing by pinching it shut. It 41d not work at all.
The same phenomenon ococurred with this method. The internal
pressure blew the tube open.

It was then found that the tip of the tubing could be
sealed by putting a moderately soft gasket material in the
tip before the rolling operation. The material was then rolled
down and a orimping operation in a vice was used to seal the
end of the tubing, Very little leaking was experienced if the
gasket material filled the tubing to at least 3/4 to ore inch
from the end of the tubing, The internal pressure in the
tudbing blows the rubber into the emd of the tudbing. The
pressure thus works to seal the tip.

Final design. The final design of the unit is shown in the
attached plates and in Pigures 1, 2, 3 amd &4,

The pad could have dbeen constructed so as to duplicate
presently availadle pads, but this would have meant a
relatively large diameter ped in keeping with the 1,000 psi
design limitation. Therefore, a lever was used to reduce the



FPigure 1. Hellx Gause showing bar and lever concept.



Pigure 2. Helix Gauge indicator coil, bottom plate, ped
and rings of solder before asseabdly.



Pigure 3. Relix Gauge showing placement of imiicator coil,
Platen and indicator scale bDefore assemdly
with top plate,



Figure 4, Pront view of assembled Helix Gauge.



Figure 5. Rear view of assembled Helix Gauge showing
back clip.
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pressure on the pad to an acceptable value. Inherent within
the desigr 1s the need for amplification of coil movenent,
This amplification is given by the lever on the coll itselr,
Examination of the coil will show that a small movement of the
coll will result in a significantly larger movement of the tip
of the coil.

It should be noted that in the final design that the
coll tip has no load to carry. Therefore, it should not show
any loading problems with the light gauge material that was used,
The total gauge could te made smaller if the pressure on the
pad could be increased.

No difficulty was experisnced with the rapture of the
stainless steel pad material itself, dut difficulty was
experienced with the ssaling material which was a low-
temperature silver solder. The desi for the gauge 1is
seen in plates 1, 2, 3, 4, 5, 6, 7, and 9 1n Appendix A,

A manual for the fabrication and assemdly of the
gauge 1s also pressnted in Appendix A.

RESULTS

Y. On June 20, 1973, random tests were conducted
on the Helix Gsuge to determine deflection versus load. The
following tests show the range of tip deflection versus load
in inches. The tests were done on a Baldwin-Tate Emery
Testing Machine manufactured by the Baldwin Hamilton Corporation
of Philadelphia, Pennsylvania. It was found tnat off-center
loading gave improper readings and it was noted that it was
important that the bolt head de flat for acourate readings.
For this reason,a hardened steel washer and a soft steel washer
were included within the final design so as to distridbute the
load over the lever arm acourately.

In testing it was found that the bolt head under the
15,000 to 20,000 pound loading tended to bend at the edges of
the bolt head. Therefore, a soft steel washer was placed over
the hardened steel washer which then worked against the lever
arm,

Deflection versus locad on the first dolt indicates good
results in terms of cyeling, This first test shows that
replication of the test gave acceptable and accurate results.
In rechecking the gauge the bdolt cyocled vell in g pressure
test down and in terms of loading the bolt up from 0.00 to
15,000 pounds, Difficulty was experienced in duplicating
results during the process of developing the design. This was
ocorrected in the final design, as can be seen by the results
shown in Table 1, Tadble 2 and in Pigures 6, 7, 8, 9, 10, 11,
12, 13, 1%, and 15, Examination of the data from Tadle 2
shows that the largest deviation from the testing machine was
1,000 pounds, Given a range of 12,000 pounds this was seen
by inspection to fall within the limits of ¢ 10 per cent
for the design, The data shown in Table 1 and Pigures 6, 7, 8,
9, and 10 indicate that the hysteresis of the gauge s



Table 1

Deflection Versus Load

(Random Selection)

Bolt Gauge Inches * Pounds/Pressure **
1 2.10 15,400
1.60 13,000
1.49 11,000
1.15 (Down) 9,000
0080 7'000
0.45 5,000
0.00 2,600

The gauge was removed and replaced
to check for accuracy

2.10 15,000
1.70 13,000
1.45 11,000
1l.15 (Down) 9,000
0.85 7,000
0.45 5,000
0.00 2,800
0,00 2,500
0,45 5,000
0.80 7,000
1.10 (Up) 9,000
l.ll;g 11,000
1. 13,000
2,10 15,000

# As measured with a caliper.

## Tests wewm performed on a Baldwin-Tate Emery Testing Machine,

11



Table )

Deflection Versus Load

(Random Selection)

Eolt Gauge Inches » Eounds/Pregsure
1.60 11,000
1.25 (Down) 9,000
0.9% 7,000
0.60 5,000
0,00 2,400
0.00 2,200
0.60 5,000
0.90 7,000
1.55 11,000
1.80 13.000
2,00 14,400

* As mensured with a caliper,

#* Tests were performed on a Baldwin-Tate Emery Testing Machine.

12



Table 1

Deflection Versus Load
(Random Selection)

Bolt Gauge Incheg* Pounds/Pressure **
2,10 14, 500
3 1.90 13,000
1.55 11,000
1.25 (Down) 9,000
0.85 7,000
0.50 5,000
0,00 2,600
0.00 2,hG0
0.45 5,000
0.80 7+300
1.15 (Up) 9,700
1.50 11,600
1.80 13,000
2,10 14,900

* As measursd with a caliper.

## Tests were performed on a Baldwin-Tate Emery Testing Machine

13



Table 1

Daflection Versus Load

(Random Selection)

Eolt Gaugse Inches* Pounds/Pressure **
2.00 15,700
u 1.60 13,000
1.25 11,000
1,00 (Down) 9,000
0.65 7,000
0.80 5,000
0,00 3,200
0.00 3,200
0.%0 5,000
0,70 ?,000
1.00 9,000
1.30 (Up) 11,000
1.60 13,000
2.00 15,600

& As measured with n caliper,

#% Tests were performed on a Paldwin-Tate Emery Testing Machine.

4



Table 1L

Deflection Versus Load

(Random Selection)

Bolt Saugze 1 . Pounds/Pressure **
5 1.55 13,000
1.20 (Down) 11,000
0.85 9,000
0.45 7,000
0.00 4,500
0.00 4,700
0.50 7,000
0.%0 (Up) 9,000
1.25 11,000
1.55 13,000
2,00 15,500

* As measured with a caliper,

*® Tests were performed on a Ealdwin-Tate Emery Testing Machine,

15
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Testing Machine
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Fimure 8. Tip indicator deflection.
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Table 2

H{elix Gauge Calibrations
Against
Testing Machine

Tip
Folt Geuge indicgtor * T Machine **

1 12.000 % '888

14,000 14,
13,000 12,800
12,000 11,700
11,000 18.388

10,000 '
9,000 (Down) 8,700
71000 700
oo 2o
&,000 &,000
3,000 3,400
3,000 3,200
4,000 3,900
5,000 4,800
2505 8150
8.000 7,600
9,000 (Up) 8,700
10,000 9,700
11,000 10,900
12,000 11,800
13,000 13,000
14,000 14,000
15,000 15,500

* Indicated pange reading.

*## Tests were performed on a Baldwin-Tate Enery Testing Machine.



Table 2
Helix Gauge Calibrations

Agalnst
Testing Machine
Tip
Polt 3auge Indicator® Testing Machine**
15,000 14,400
- 14,000 13,100
13,000 12,000
12,000 11,000
11,000 10,200
10,000 9,200
9,000 (Down) 8,400
8,000 7,600
6,000 6,000
5,000 5,100
4,000 4,400
3,000 3,700
3,000 »500
4,000 400
5,000 5,000
6,000 5,500
7,000 6,600
8,000 7,400
9,000 (Up) 8,400
10,000 9,400
11,000 10,200
12,000 11,000
13,000 12,100
14,000 13,300
15,000 14,300

¥ Indicated gauge reading.

%% Tests were performed on a Baldwin-Tate Fmery Testing Machine,



Table 2

Helix Gauge Calibrations
Agalnst
Testing Machine

Tip .

folt auze Indicator * T M ne *
15,000 16,000
3 14,000 14, 500
13,000 13,200
12,000 12,000
11,000 11,000
10,000 10,000
9,000 (Down) 9,000
8,000 8,000
7,000 7,000
6,000 6,000
5,000 5,000
4,000 4,100
3,000 3,100
3,000 3,000
L,000 4,000
<,000 5,000
©,000 6,000
7,000 6,900
8,000 8,000
9,000 (Up) 9,200
10,000 10,300
11,000 11,300
12,000 12,500
13,000 13,500
14,000 14,800
15,000 16,000

* Indicated gauge reading.

#% Tests were performed on a Baldwin-Tate Emery Testing Machine.
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Tadle 2

Helix Gauge Calibrations
Agalnst
Testing Machine

T
Folt Sauge Iggkgggo;' Testing Magchine*®

4 15,000 15,700
14,000 14,400

13,000 13,000

12,000 11,800

11,000 10,700

10,000 9,800

9,000 (Down) 8,700

8,000 7,800

7,000 6,800

6,000 5,800

5,000 5,000

4,000 4,100

3,000 3,200

3,000 3,400

4,000 ,300

5,000 5,200

6,000 6,000

7,000 7,000

8,000 8,000

9,000 (Up) 9,208

10,000 10,00

11,000 10,900

12,000 12,300

13,000 13,300

14,000 14,700

15,000 15,900

* Indicated gauge reading.

#& Teats were performed on a Baldwin-Tate Emery Testing Machlne,



Table 2

Hellix Gauge Calibrations

Against
Testing Machine

Tip
Folt iauge Indicator*

15,000
[ 14,000
13,000
12,000
11,000
10,000

9,000 (Down)

8,000
7,000
n,000
5,000
4,n00
3,000

3,000
4,000

5.000

6,200

7,000

8,000

9,000 (Up)
10,000
11,000

12,000
13,000
14,000

15,000

* Indicated gauge reading.

** Tests were performed on a Ealdwin-Tate

Testing Machine **

15,400
14,000
13,100
12,000
10,900
9,900
8,800
7,800
6,900
5.800
5,000
4,000

4,600
5,800
6,800
7,800
8,700
10,000
11,000
12,000
13,200
14,200
15,000
15,800

Emery Testinc Machine,
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Indicator on gauge in 1,009 pounds
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Indicator on gauge in 1,000 pourds
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Indicator on gauge in 1,000 pounds

28

15 /+
+
7
o'y
10
5
«-COWN ANS Jp
’/tnllllﬂxlb
DERAVIOR
Hellx gauge No, 3
0 ' 10 15
Testing Machine
(Load in 1,000 pounds)
Figure 13. Load versus tip indicator,



Indicator on zauge in 1,000 pounds
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Indicator on gauge in 1,000 pounds
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relatively low for most of the mauges except for gauxe 1,
This data was included to show the possidle accuracy of the
cauges 1f more precision is required.

A seriess of gauge scales were made up and were used
to calibrate the indicator. The spacing on the scales can be
changed so as to show the propsr range for the pressure. The
gauze can also be ad justed by changing the top plate. It was
found to be convenient to simply messure the low point and the
high point on the indicator. Given this range, the correct
scale which applied within the range of the gauge was glued on
to the plate, Figure 16 shows a series of these scales used
to calibrate the indicator.

The gauge had to be zeroed by bending the Helix coil.
It was found that the coll had tc be bent when errors of
approximately one to one ani a half inches occurred in the
coll. Normally, this was done by taking the testing machine
to 15,000 pounds by bending the Helix coil with a jig fixture,
The load was then taken off ani the bottom pressure of the
indicator read. The proper scale was then applied to the plate,

It is quite clear that calibration could be done for
several gauges at one time. The operation would require
loading several gauges on a long red, to say 15,000 pounds,
and hand bending each coil to 15,000 pounds, The rod could
then be unloaded to the low point reading of the indicator
and then applying the proper range scale for each indicator.
It 1s estimated that ten to fifteen of these units could be
calibrated at one time using this technique. This should not
be difficult in terms of ocalibration to achieve a high degree
of accuracy. If a lesser degree of accuracy could be accepted,
such as a + 20 per cent variation, this step could be omitted.

Fiald testing. The gauge was field tested in various design
configurations. The lever using the knife edge and the gauge
using the chain-1link were both tested.

The chain-1ink design was essentially the same as the
knife edge design. They differed only in that the knife edge
was replaced by a 3/8 inch bar which was forsmed into a chaln
1ink with a 3/4 inch opening on one side for the bdolt. This
1ink was then tack welded to the top plate to form the lever.
The design was not successful because it showed significant
hysteresis. The sharp bearing between the chain 1link and the
head of the roof bolts caused failure at the heads of the
roof bolts., The assendbly was in two parts which caused
negative comments from the people in the field, This caused
abandonment of the approech in favor of the knife edge.

A significant number of the chain-link designs were
mede and tested. As with most of the design configurations,
1t was necessary to manufacture a series run to find
production problems. PFor example, the series production run
for the chain-1ink design was fifteen units.

Approximetely thirty-five gauges were tested in the fileld
using various design configurations, Both a Beth-Elkhorn
Mins in Jenkins, Kentucky and two United States Steel Nines
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in Gary, West Virginia were used to test the gauges, Comments
from the operators and results of field testing led to
modification of the final design to the present design r.s shown
in Appendix A,

The gauzes wers installed with both roof bolters and
by hand. Eoth methods were found acceptable in terms of ease
of installation, One gauge was bored out for use in a resin
bolt installation. This was not successful., The lever Plate
ripped away from the other plate. This was due to the fact
that the resin bolt did not exert any upward force so as to
hold the two plates togsther. In the final design of the
gauge this problem should be lessened, for there is a heavy
bar welded to the plate and also a spot welded hinge on the
rear of the lever. It is clear that fcr installation on resin
bolts that the gauge should be significantly strengthened in
regard to holding it together because of the lack of upward
force on installation for the normal 5/8 inch bolt for which
the gauge design was made.

It should be noted that the gauges, as sent to the
Bureau of Mines, were for the use of a 5/8 inch bolt with
a pal nut, For a bail type anchor slots would have to dbe
cut into the top and bottom plates so as to allow it to slide
over the bolt. Another design which should not be Aifficult
to incorporate into the design would be for the gauge to be
slotted to the rear so as to allow the gauge to be slipped on
to the bolt., This would allow removal of the gauge for reuse.

The coll 414 not pose any great difficulty in handling.
Gauges were dropped on the coll several times without damage
during the course of this investigation. For the field
installation the gauges were wrapped in expanded plastic. At
the field site they were placed in a Aynamite bag and thrown
by a miner into a shuttle car for transportation to the face
area. In installation of the gauges only one gauge coll was
bent,. We were able to bend it back to the original position
without failure of the gauge. The 601l can be cdamaged if
hit a sharp blow. In normal hamdling to the point of use no
difficulty is foreseen. The aluminum is a tempered high
strength material which has a yield strength of 40,000 psi.
This value approaches that of a mild steel tubing.

The gauge proved to be easily read from five feet away
and the pressure could easily be estimated to the nearest
1,000 pounds load from distances of twenty feet away, Color
coding of the indicator on the gauges could show miners who
are unable to read indicated safe bolt loads.

lngnnlln_jjngg. An economic study was done on fadrication

of the roof bolt indicator gauge. It was droken into
fabrication time for each of the operation: and material ecosts.
The material and source, plus the costs, are shown in the
Appendix. The unit cost for materials is $1.60. The fadbrication
time 1s 14,67 minutes, as shown in the Appendix. Pased on a

$3.00 an hour labor cost, the unit cost for labor would be g,
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This would make a unit cost price of $2.34 for the gauge.
Assuming 100 per cent labor overhead cost, this would indicate
a total cost of $3.08. Adding on a 10 per cent unit profit

of 31¢ the total cost of the gauge 1s brought to $3.39.

This price would be highly dependent on the unit cost of
the labor. It is beljeved that no high degree of skill 1is
required to fabricate the gauge. The only critical opsration
is cutting the kerf so as to put the pad and cell together,

Cost reductions can be made by automation of some of the
operations. Constructing the coil on sutomatic machines
would save 60 seconds and drilling the holes in an automated
machine would decrease the time for this operation, whigh
amounts to more than one minute now., Rending the rlate and
cutting it at the same time in a large jig fixture or die
would also save a considerable amount of time, It might be
estimated that approximately 20 to 30 per cent could te
saved on the labor by more efficient techniques,

The costs for materials is somewhat of s variant price in
that lower costs can only be achieved dy reducing the size and
welght of the gauge. As this is highly dependent on the
pressure of the cell pad, the design limitation of 1,000 psi 1s
highly significant. If pressures, on the order of approximately
3,000 to 4,000 psi were achieved a smaller gauge could be
constructed. This would necessitate the use of a heavier
wall Helix Gauge. But, as the price for the tubing is not
weight dependent, but rather lensth dependent, this would
not pose a significant problem in regards to cost. It is
therefore concluded that the selling price for the gauge to
be on the order of approximately $3.79 per gauge.

This 1s significantly higher than the goal of
approximately $1 per gauge and 1s due to both the relative
complexity of the design and the weight of the materials. The
design of the gauge could be significantly impcroved 1f higher
pressures ocould be obtained.

It is the author's view that the potential application of
the gauge 1s in prodlem areas in mines where control is
difficult, Application of the gauge at intersections and other
areas would indicats loss of bolt anchorage to the miner.
Corrective measures could therefore follow. The gauge has dbeen
developed 80 that even a contract miner can read the mauge to
learn of abnormal roof conditions that night affect his safety.
Use of the gauge on 16 foot centers in a mine entry or at
intersections, even at $3.39 per gauge, would not significantly
afisct the cost of the coal produced. The author would
estimate that it would add less than $¢ /ton to the cost of
producing coa2. This cost should be offset asainst a pousibdle
increase 1in production tonnags resulting froam better roof control.

A suggestion for further development to reduce the cost of
the gauge is & direct loading cell which would work at a design
pressure of 5,000 psi. A prototyme was sonstructed which met
these crite~ia. It was tested amn failed at 5,000 pei. This
gauge was developed beyond the contract expiration date and has
not been pursued further.
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CONCLUSIONS AND RECOMMENDATIONS

The results of this study showed that a relatively low
cost uauge could be fabricated for a price of 33,39 pver unit,
The gauge could be made .0 work and show bolt loads to $ ten
per cent,

To achieve the goal of an indicator which would sell for
approximately $1 would require a significantly high pressure
on the pad which would then allow a smaller gaugze to be used
in terms of material weight. It 1gs therefore recommended that
future work on this gauge be directed towards the pad to
achieve significantly higher Pressures, The pad area, for
example, could bs reduced in size to approximately 14 to 1 inch
and the width of the gauge could therefore then follow this
pad reduction,

The gauge could be made shorter, thus saving in welght
of materials. Also, different design configurations could be
achieved by using a lever which would have a one to one ratio
for pad pressures of 8,000 to 10,000 pounds. This should
significantly increase the efficiency of production of the
gauge in that it could allow the discarding of the knife edge
and the intrezal use of the roof bolt Plate as part of the
gauge,

Another devulopment which could be done with significantly
higher pressures is for o direct reading pressure pad of
approximately 24 inches diameter with the gauge 1in a clock
spring configuration wrapped around the pad. Expansion of the
coll would indicate the pressure. This vould require pressures
on the order of 5,000 to 7,000 P8l Ain the gauge cell itself
and are significantly higher than was achieved bty the present
Helix Gauge. Static pressure tests on cells will achieve quite
high loadings. The difficulty comes in when the cell pad
itself moves. It then moves the sealing material and can cause
rupturing and leakage of the sealing material. A tighter and
deeper kerf could allow detter sealing am may certainly
achleve these values of 5,000 to 7,000 psi.
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fart
Top plate
tottom plate

Fottom plate

*»

(1]

Top plate

Coll

Hinge

abtrication Time

Operation

-cut (shears)
-cut (ehears)
-cut kerf (lathe)
-~punch location

holes for drill press (fixture)

~(MNo., 3 drill) screw hole (drill
press)

-(0 drill) coil hole (drill press)

-(No. 3 drill) pad hole (drill
press)

-(No. 3 Adrill) bolt hole (dArill
press)

- screw hole (tav)

-(23/64 dri1l) belt hole (drill
press)

-terd plate in fixture

(100,000 pound hydraulic press)

-No. 3 drill) bolt hole (drill
press)

-(23/64 drill bdolt hole (4rill
press)

-cut to length (tubing cutter)
=-place rubber in end of tubdbing
-roll in rolling mill

-wrap on wrapper

-press end of coll in vice

-cut and bend

10

10
30

60

30

10

60
10
10
30
50
10
10

ted
seconds
seconds

gsecond s

seconds

seconds

seconds

seconds

seconds

seconds

seconds

seconds

seconds

seconds
seconds
seconds
seconds
seconis
seconds

seconds

re

LA



FPabrication Time

Part Operation Estimated Time
Fad -form in die from circles
cutlln lathe 20 seconds
-solder 30 seconds
Flaten -cut in saw 23 seconds
Indicator -cut and 10 seconds
Ber
-weld
Knife edue -cut to length 10 seconds
-cut edge 10 seconds
Assembly: -4t coil in plate (glue) 10 seconds
-f111 with 011 and screw tight 60 seconds
~-check seal 30 seconds
~-spot weld clips 30 seconds
Assembled
Unit ~calibrate (Universal Testing
Machine) 60 seconds
-transfer tine 90 seconds
Total 836 seconds
or

14,76 minutes
Labor unit cost ats 32,00/hr--0.49
2.50/hr==0,62
3.00/hr~=0, 74
3.50/hr--0,86
4,00/hr-«0,98
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Manual.

lhaterials:

} rocedure:

Materialss

Procedure:

Materials:

Frocedure:

S

TOP PLATE
1020 hot rolled steel 5/”" x 2%”

-The steel is cut into 2.7" lengths.
-Each length is bent on a 5/8" plate,
1" froem the end in a hydraulic press
at 20 tons.

-A 23/32" hole 13 drilled 1.5 from the
ernd of the plate, Predrill with

No, 3 4arill,

PAD
304 stainlegs steel
0.10" thick shim stock

=The shim stock is cut to 2.5" x 3,0" pieces.
=It 1s cut in a lathe to 2,190" diameter circles.
-The circles are then crimped in a die

to form the pad.

HINGE FOR TOP AND BOTTOM PLATE
1} x 2" - 21 gauge sheet steel

=The strip 1s bent in a vice lengthwise
at a 60° angle, 5/8" at one side.
-The strip is attached to the top plate
with 3 epot welds along the side .



tanual.

lroceluras:

latearials:

Irocedures

Material::

Procedu--;

HINGE (continued)

~The bottom and top plates are clamped
together and the holes for the roof tolt
are alijgned,

-The strip of sheet steel 1s hammered over
the end of the bottom vplate,

-The strip is spot welded in three Places
on the end of the bottom plate,

PLATEN
1020 cold rolled steel rod
1.75" in diameter

-Platens are cut from the rod to
0.20" thicknress.
-The edges are roundad with an electric

grinder,

BOTTOM PILATE
1020 hot rolled steel
5/5" x 5" x 23"

-The material is cut to 5" lengths.

-It 1s placed in a jig fixture on an 11"
swing lathe.

=A kerf 1s cut into the plate~-

the O. D, of the ocut is 2,070",

The kerf is 0.065" wide and 0,.110" deep and

cut at a 20° angle into the bottom plate.

£>



Mammal,

I'racelure:

Materials:

Prcceduret

Materlals:

Procedure:

BOTTOM PLATE
(continued)

-Holes are drilled for the Helilx coll:s
tap hole, hole for the pad andi the 3/4"
hole for the roof bolt.

-The tap hole is tapped with " x 28
thread 1" deep.

INDICATOR BAR
1% x 2% 1020 hot rolled steel

-The steel is cut into 3" lengths,
~The bar is tack welded to the bottom

plate just before soldaring,

CLAMP FOR FAD
hot rolled flat iron 1/8" thick

small pleces of asbestos

-Cut iron to 4" x 3/4" pleces

-Iron 18 placed in a vice and hammered

1.?" and 1" and 1.2" to form an U shaype.
The opening has a 3/4" clearance (.850)
=The clamp 18 placed over the pad and plate
to hold the pad during soldering,

-A small plece of asbestos is placed tetween

the pad and the clamp,
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ratarinls:

Trocedures

. atearials:

(coil)

(plugs)

Yroceiure:

KNIFE EDGE

1" x 1" x 3/16" 1020 hot rolled steel

-Cut to 21" lengths

-Cut edgre

HELIX COIL
£061 TA aluminum (Reynolds)
.035" wall

5/15" 0, D,

3/16" thick rubber obtained from surplus
Warco - A-80 2 m11-S-6855-1-80
187 x 36 - 3-Q-68

-Tubine is cut to lengths of 20,53"

-Flugs are cut from sheet rubber Ly

a hand punch the same dlameter as the tubing, I.,UL.
-2 plugs are inserted into one end of the tubing,
-The tubing is rnlled by successlive passes
through a rolling mill.

10-15 passes are required to obtain a

0.150" ¢ .505" thickness.
~The 5/16" tubing ends with the plugs are

put into a vice and arinmped,

-Each tube 18 then wrapped 4.5 times around

a mandrel-cylinder measuring 1 inch in dlameter,

-The indicator 1s set at a 6" length from the coil.



Manual.

Cleaning:

Soldering:

Hellx coil:

ASSEMBLY PROCEDURE

-The seats are washed in acetone.

-They are then cleaned in an ultrasonic
bath for 30 minutes,

-They are rinsed in water,

-They are then washed in alcohol,

-The pad 1s fitted into the bottom plate,
-A clamp 1s fitted to hold the platen and
pad into the bottom plate.

-Approximately one milliliter of flux 1is
then put into the seat,

~Two rings of 1/16" low-temperature silver
solder are placed around the pad,

-A gas flame from a Bunsen burner is then
used to melt the silver solder,

Care must be used so as not to over heat

the silver solder because oxidation can occur,

-The Helix coil is glued on to the bottonm
plate with 3¥ epoxy structural glue 221€ E/A,
An over-night cure is recommended,

Heat should not be used to cure glue,
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Lanual.

711ling pad;

Cleanings

Spot Welding:

Calibration:

ASSEMRLY PROCEDURZ
(continued)

-A number of gauges are placed in a glass
desiccator,

-The desiccator 1s evacuated to 500// of
nercury and oil is valved in“o the
desiccater,

-The 01l fillled pads are removed,

<A 3" x 28 cap screw wrapped with Teflon tavpe
is used to seal the unit,

Automotile automatic transmission fluid
is used because of the rubber seal in the

end of the Hellx coll,

~The Helix Gauge is washed with solvent

-The platen and hinge are welded to the plate:

each with three spot welds

-The gauges are calibrated against a
standarl, such as an Universal Testing

Machine,
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This 1s to certify that no equivalent
or duplicate patents were found for the Helix

Gauge to indicate roo
1949 to September 197

orok 2 /774

Date

f bolt loads for a period of
3.

Y B O Farsr—

Signature
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