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A new concept of handling rock drilling tools has been designed.
The purpose is to provide a means to drill & four-inch diameter hole
1,000 feet horizontally in moderately hard and hard rock. The hole will
be used to probe ahead of tunnel boring maciiines to sample for rock
conditions or hazards such as water or gas.,

Equipment is veing made and assembled in Burlingame, \alifornia
for a granite quarry test near \Vatsonville early in 1972, A hollow spindle
rotary drill or skids will permit storing 1,000 feet of 2-3/8 inch diameter
flush CD drill rod in ore piece in a pipe on the ground vehind the drills,
This rotates an in-hole percussion device for rapid drilling or a diamond
core barrel for sampling.,

A special rapid rod extractor, using powered opposing wheels, has
been designed and is being made,
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SEMI-ANNUAL _REPORT

1.0 SUMMARY

This is the semj-annua) report for Contract 110210037, This
one-ycar contract dated Pebruary 26, 1971 is for the development of a
horizontal drill for probing ahcad of a tuni el-boring machine (TEM) for
rapid excavation underground. This contract is beiny administered by
the U.S. Bureau of Mines and is sponsorced by ARPL. It is a cost-plus
fixed-fee contract for approximately $59,000 of which about $33,000
is for capital equipment or hardware,

The drill being developed under this contract is for medium=-
hard and hard rock as opposcd to those which might be used in soft
formation tunnels. Medium~hard rock may be defined, looscly, as that
which has a compressive strength of 10,000 to 20,000 psi and hard rock
as that in excess of 20,000 psi in compressive strength,

The purpose of the probe drill is to forewara the owner and/or
tunneling contractor of impending difficulties such as bad ground requiring
roof support, water inflow, or gas. Such forewarning will permit
corrective measures to be taken in advance which will lead to greater
economy, improved speed of tunnel advance and safety in underground
excavation. Such a horizontal drilling capability may also be useful
in pre-job planning and estimating.

The development of TBMs within the last decade and the
prospects for their future development point toward a very serious need
for advanced knowledge of ground conditions which can be provided by
probe drills. These TBMs have an existing potential for drilling 200 fect
of tunnel per day in medium-hard rock and in excess of 100 feet p-r day
in hard rock. Ther: is some speculation that this capability may be
advanced substantially by rescarch. A probe drill, to be cffective, must
be able to drill faster than the TBM as it may be required to start several
tens of feet in the rear of the machine and overtake it. It should then
be able to drill faster than the TBM and to project the probe hole for a
distance of at least three or four days in advance of the machine's activity.

Direction control for the probe drill is going to be very critical.
It must be close enough to the projected tunncel to be significant but should
not interfere with the machine.



One of the mmost serious problems in developing a probe drill
will be handling the drill rod. Drill rod handling often consumes mmore
tiime than the drilling in normal underground small-hole horizontal
drilling.

It has been decided that it will not be necessary to take
cores all the way, hut only on an intermitient basis. Core drilling
is slower than come forms of full=hole drilling.

This study has (by extending results of some previous studies)
evolved a mcthod for handling drili rod intact and stored on the ground.
The drill rod {s stored along the linc of the tunnel in the rear of the
drill in @ pipe or in a previously drilled hole, as is illustrated in
Figures 1 and 2. The drill rod can be extracted from the hole very
rapidly by a rod extractor which has been designed on this contract
and is shown in Figures 3 and 4. This will withdraw the drilling rod
from the hole, for changing drilling methods, at the rate of 180 feet per
minute or in less than 10 minutes for 1,000 foot of drill rod.

The ground storage method envisioned also provides for a
umque drilling luid circulation system as can be seen in a thorough
analysis of I'"fcires 1 and 2. No swivel s required.

Equipment is being ordered for field testing these concepts
in quarries of rock representing those types under consideration in this
contract. Delivery of most equipment is expected by the end of Novamber
and this contract may be completed by December 31st, two months ahead
of schedule and within the original cost estimate.

2.0 "TECHNICAL APPROACH

Several drilling inethods were considered. It was decided that
the best way to drill the specified rock types at a satisfactorily rapid
rate was with a down-hole percussion drill, except during the coring parts
of the cycle. Diamond rotary drills can run down-hole percussion drills
of small diameter and, of course, can run the diamond core barrel at the
sclected intervals.,

It was decided that cores would be taken in five-foot lengths
every 45 feet. The 45 feet of hole between these five-foot cored
segments would be drilled with a 3-1/2 inch diameter down-hole per-
cussion drill using a 4 to 4-1/2 inch diameter full-hole bit, These



down=hole percussion drills consume about 200 cubic feet of air a
inute necesriiating air compressors which will be rented for the tests,
These drills will drill medium=hard rock at tho rate of 30 to 35 feet per
hour amd the hard rock at 15 to 20 feetl per hour, These drilling rates
are about twice the instantancous pencviration rates of ThMs., I
direction and rod=-handling problems are solved, they should Lie able (0
overtake and precede the boring machines satisfacrorily.

Diamond drills will dril) cores (using water circulation) at
about half the penetration rate of the down=hole percussion drills.
Just to be sure that wireline core drilling is or is not faster thar the
proposed percussion drill, a test using the wireline technique with
conventional swivels, ctc,, will be tried, Tesis with other proven
drilling methods such as rolling cutter bits or 1urhines will bo con-
sidered for tria)l, The ro-called “exolic”™ or “novel” drilling techniques
such as therma)l deills or high=pressure water wil) not be tried, but the
drill set-up may be made avallable to investigators in those fields.,

3.0 PRINCIFAL PROMLEMS

The major problem in the drilling test probably will be in hole
direction control. It is believed that by using several techniques of
wedges and stabilizers that the hole can be prevented from either
drooping or climbing. Reversing rotation may be the ancwer to preventing
excessive wandering of the bit to the right or left. Contiruvous moni-
toring may be necessary 10 prevent excessive hole deviation from efther
mechanical effects of drilling or of dips or other peculiatities of the
rock. The holes will be surveyed using commerclal sutveying methods
and rented tools from such companics as lastman, Spenty Sun, or
E. V. Ruster.

There is another problem in the ground storage schesne and that
is drill rod unscrewing itself in rear of the drilling rig. In order to have
dril] pipe trailing the hollow spindle drill, and not unscrewing itself
(which may also occur in reverse rotation) a resin will be applied to the
threads which can only be removed with the application of heat and (orque,

4.0 DRILLING ANALYSIS ’

TBMs currently can make maximum instantancous penet.ation
rates of 17 feet per hour in the medium=-gtrength rock (MSR) and about
half that fast in the high=strength rock (HSR). Some of these machines
consistently make 200 fect per day in the MSR and perhaps a hundred
fcet per day in the IISR,



A goal has been set for the prob'e drill to precode the tuane)
borer by four to five days. This means that it should have a depth
capacily of at least 800 to 1,000 feet in MSR and of 400 to 500 feet in
HER, Most of the drill criteria used in this study has beva established
assuming a 1,000 foot capacity in either type of rock,

Most TiM operations bore rock in three shifts, daily, five
days @ week, Thoy do major maintenance, including changing cutlers,
on the two non=boring weekend days,

Four methods of locating the probe drill have been considered .

They are:
A,

C.

D.

Mounting the srobe dull in the center of the TAM g0 that

msunmm-mduumamcm

only has to maintain an advance rate equal to that
of the TEM, On the other hand, it has two very serious
oveitiding disadvantages which rule it out as @ practical
approach for the near future, The first of these disad-
vantages is that it would require @ major redesign of
TBMs, The second is more setious in that any deviation
by the TEM or probe drill, planned or urplanned, would
create interference between the TBM head and the probe
drill rod,

he machine for all, or past, O 11 H *h @
cases such intertuplion to production would be most un-
desirable,

mumuulmmmﬂm : d be
rotatod a few mu.onmmhm&mmmwu
interrupted, occasionally. The drill would need to have
a rather highdrilling rate capacity to maintain its lead
in the fow hours available to it cach weck,

AAk B A A.- 4
would have to be cut, or blasted, just in back of the
machine on a woekend, See Figures 1 and 2. They would .



in effect, be a “shelf” deep enoush for the hole not to
wander Ino the path of the TBM, The «drill would have

to he capable of drilling slightly faster than the TEM.

It will require very close guldance control. Perhaps

this guidance of the prolx lioles Is beyond the current
state=of =the-art and may become one of the primory

goals of this tesearch, The alcove approach will not
provide for taking a sample In the direct path of the TBM
but it would be close enough for all practical purposes and
appears to be the best method suggested to date.

Using the previous as a guide, a criteria has been established for
a drilling rate for the probe drill to provide 300 fecet per 24-hour day In MSR
and 150 feet per day in 1SR,

- The size of probe hole depends on the avaliability and rellability
of 108]s and methods as well as drilling rates and results, It was assumed
early in the study that it may not he essential to have a continuous core
throughout the full length of the bore hiole. An assumption was made that
& five~fo0! long core every [ifty feet would be adeguate. On the other hand,
it w22 recognized that any apparent change in rock formation, indicated by
change in penetration rate, or changes in torque o cuttings, should signal
the need for a core, even though 45 fect of open hole had not heen drilled.

It was recognized that, if diamond drilling proved to be the best
method of drilling all of the hole, core drilling could prove to be the fastest
and cheapest method even though cotes wete not required all the way, This
will be evaluated as a back-up or substitute system using a wireline core
barvel.

Determination of core size was made on the basis that some
Jlaboratoty anslyses might need a core of sulficient diameter to cul at
Jeast one-inch squate croee section from it. This Indicated the need for a
B size cote as a minimum,

There is not enough infortation available in the literatute on
d:illing horizontal holes of thiz length in rock to be able to calculate
precisely the torque requirements or torque capacity of different sizes of
available rode. That is part of the reagon for the nced for the rescarch
being planned. The tendency in such a selection, which must be made on



judgement, 18 10 choose the largest standard tod size, 10 be “safe,”
aml then back ofl 10 o seaaller sise i tests show an over-desion,
Thiz would call fos an "N™ size rod or largar, On the other hand,
thite ate many advantages (o Leeping all 100ls used underground as
light as possitide and hole sives as s=all as may be safe and
econmaiical,

Kesults of the Pureau of Mines® work were available wherein
they had deilled rather deep 3-inch diaseter holes in coal with drag
bits. A least one of these holes went 10 503 feet depth, N is well
known that drag lits in a soft formation, such as coal, resvult in
grealer torsional stresses than diemond bits of percusaion drills in
hatd tock, L=X-casing was used as diill rod by the lureav and this is
1.8125 inch diareter. With this krowledge, it seemed to be a safe
caleulated risk to use "R size wireline drill rods which are 2.25 inch
0.D. N was recognized that a few rods of slightly larger or differem
configuraticns may be pecessaty ot the (ow.1¢ end of the rod system
(neas the bit) for maintaining hole ditection aid stability.

Vaslous drilling methods were considered and evalvated as
shown in wattices in igures S and 6, 1'voi this, and practical ex-
petience in the field, it eppeated that diasond deilling with water has
the best chance of success e the coting. The tastest and Lest=rated
method for full=hole dsilling between coting sequences is the down-
hole pescussion deill,

The smaller down=hole percussion drills are about 3.5 and
4.5 inch diameter and each of these drills a hole about one Inch
lorger than the 100l. These will penctrate 1SR at 15 to 20 feet per
hour and MSR at about 30 feet per hour. Currently the cholce appears
1o be the smaller 100! as that hole size will require 200 cfm 10 operate
the dril) and tranzport the cutlings out, whereas the larger drill's
requitements might be double this., The 4.5 inch hole made by a 3.5 inch
tool should easily he reamed 10 . 1at diameter from the 2,36 inch *B* core
hole and not rasult In squeezing the percussicn bit which is @ common
cause of fallure while teaming with this type of 100l when they do not
have enough shoulder in which to ream adeguately.

Some con~ern has been expressed that lost circulation of
drilling fluid may be a problem in some iocmations. it should be noticed
that this problem is a potential one. With the drilling method proposed,
however, ealy 107 of the drilling wil) be done with water. If such &
problem does exist. it is lees with the proposed system than with any
system which would use water for all of the drilling.
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Air circulation systems will be used with 90% of the drilling
which will be done by percussion, Air systems occasionally are
troubled by lost circulation, but it is rare and if conditions are that
bad, the probe drill won't be needed as badly anyway. In such bad
comditions, the tunneler will be prepared for implementing the
ultimate in ground support,

If lost circulation conditions are encountered, they may be
overcome by mud additive technigques which are common to the ofl
wall drilling Industry. It Is not helieved they are as likely o be as
frequent a problem in horizontal drilling as they are in vertical
drilling sedimentory formations where many different formations must
be Intersccted,

It has been suggested that a casing may be required in the
tralling hole in lost circulation conditions, Some concern has been
expressed that this casing will wear with the rod loying on its bottom
and rztaiina. In the condition where the hole must be cased, the
stored patt of this drill rod will be rotating only in a few hundred feet
of the forward end of the casing. If necessary, the casing can be
protected by teflon pillow blocks or other coatings in the pipe or on
the rod, It Is believed that a lubricant injected in the air or water
would minimize the wear adequately.

1t appears that the more serious wear problem will be the wear
of the dril] rod rotating in the bare rock hole ahead of the drill. Here
agoin, the proposed drilling method will provide much less wear to the
drill rod than nearly any other drilling method likely to be successful.
This is because the percussion drill which will do 90% of the work
requires a rotery speed of only 15 to 25 rpm while normal diamond
rotary driiiing requires several hundred rpm. The only drilling method
requiring less rotary speed is the turbine or in-hole fluid motors and
these will be tried. It is unlikely in-hole mmotors will be as fast as
percussion drille because they must be used in this application with
diamond bits which would be essential as they require Jow thrust and
they are usually slower than persussion drills, This turbine or in-hole
motor method also results in water circulation all the way and their
maintenance and operating cost is very high,

5.0 SITE SCLECTION

Several geographic areas in the U,S. were examined as potential
field test drilling sites, The first tests will be conducted in rock quarries.
These should be in large active quarries where the drilling can be in an
area out of the way of current production, The active quarry is desirable
because much equipment may have to be left for some periods of time
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and its sccurity will be better assured than in an inactive quarry. The
principal search for quarry sites evolved to the California and Virginia
arcas, Virginia had the advantages of a greater variety of consistent
rock, more receptive quarry owners and much better labor and per diem
rates., California had the advantage of better weather conditions and a
closer proximity to the Jacobs' establishment, which will save travel
time. It should be mentioned that there are drive-in underground
quarries available in West Virginia which would overcome the weather
objection to that part of the country, It has been decided that the test
will be run in California unless there are unforeseen developments,

For the first test a good hard rock quarry site has been selected
at Granite Stone Company near Watsonville, California, which is about
120 miles south of San Francisco. This is in a granite which appears
to have a compressive strength in excess of 20,000 psi, There are
several limestone quarries in the same arca and these are being examined
for the medium rock tests to follow. An assembly arca has been chosen
for the equipment at the Person Western Company, 1028 Carolan Avenue,
Burlingame, California.

6.0 EQUIPMENT SELECTION

Quotations have been received from rotary diamond drill
manufacturers, A Sprague & Henwood Model 40-CL drill, Figure 7,
with hydraulic drive has been selected and ordered. A "B" type
wireline drill rod has been chosen, based on analysis of the problem
and the recommendation of several suppliers, The apparent low bidder
for this drill rod item is the Longyear Company and permission is being
requested to place anorder with them, Quotations for other major items
of equipment including the rod extractor, ground storage drill pipe,
water pump, and other auxiliary tools have been cvaluated. It is hoped
to place orders for all of the major equipment before the end of
September, Delivery is being sought prior to the end of November.

7.0 INSTRUMENTATION

This drilling device will be completely instrumented. An Airpax
magnetic pick-up will be used as a tachometer and as an instrument for
penetration rate, These will be tled into a Rustrak recorder, See Figures
8 and 9, An alternate method of recording penetration rate using a DC
transducer, Figure 10, is being considered. -

An American Mcter Company recorder will be used to measure and
record thrust and hydraulic pressure to the rotary hydraulic motor and the
mud system. This is a threc pen (different colored ink) wind up eight
hour 12 inch disc system for pressure ranges of 0 to 2000 psi as required.

- 10 -



Sce Figurc 11, A flow meter will be used for measuring the hydraulic
fluid volume into the rotary hydraulic motor (Figure 12) and another
similar systcm will be used for the drill mud volume., Thesc volumes
also will be recorded on a Rustrak device. Some of this instrumenta-
tion has been ordered and the balance should be ordered in September,
A general arrangement of instruments (less recorders) is shown in
Figure 13,

8.0 FUTURE PLANS

Final analysis of the instrumentation package will be
completed during September.

During September and October, final arrangements will be
made with quarries for field testing,

It is absolutely urgent that Phase II of the contract covering
actual {ield tests be expedited as it appears that Phase I will be
completed at lecast two months in advance of the contract schedule. In
order to avoid cxtra costs and delays, it is very desirable that Phasc II
plans be made as soon as possible,

9.0 COSTS

It appears that the costs of Phasc I will be within the original
estimate,

Expenditures for the first six months, through August 31, 1971,
arc tabulated bclow:

Man Hours 861

Fees Expended $16,644,82

Fee Earned 1,000.10
Total $17,644,92

Figure 14 illustrates the estimated rate of expenditure versus
the actual rate and the revisced projection based on an early completion
date of the contract,

=l =



WS WG

‘ROISIG Nt 0N 'SIIINY

Q3S04-10 A8 33 Ikt IANg N 3
LO%- 2 XCB S£°°3iNL5 Gh%Y 1 1T0]
K33A°138 BILO75156 GOY Gidvls
21222 0% AP HV3IAHNOY

*=ONGI S$=3¥=73 IV AL TS
361 37209 Wit g3uNl3Y Sy

13OVIc34 38 ATI TULT NO.SSAJUIJ

"H3LYY 337 39 01
NOILDITIS W= AI%N0 AOILD313S
SAILVAINGL € GIidID3eS ANINGINI3

- - Sepne ‘o "
I 3uN0IE : 0o, en2 d-uw—\ﬂ-‘- 907,00 COY m8
‘Q0 21€°°Q1.L *ONOT 0001 DNISYD AN

(®)33s - x08 owmzanss

IAWA AVIA-OML

< . 1Sd $21- 714D 093¢ -HYO5S3IUIII0D HIY

[} » . o.
Vd¥V "S3INI JO NV3uNg ‘SN 49 OF XOHJdY (N3AING INIONI ININOSVS) Qving

$3I0N . . <L T .-

~ 4 " :

R A - .. AR — 5 f . : =

L e S a N\I’\.\fnﬂlr.‘...ldlllh!v\ i um:v? — r!run.u——..l... Sy .w = -~ g g e ...“

— T8 gl e T T e —_——— 3o SN, ams— T
= s o =2 Sy o T RS e

ASymmSeTe ST [ s Sy e

- L " - . Y04
z re T ... .. - Qgoy Tiua : AMQ ¥O 13M°SONILLND ~X08 ONILVEYI3S
y." T - 7 T Y .mo wo<to.—.m - .oz:omo. 0-2€-@ NOISSIN-THYQ NOISSNIY3d 310H-NI

02Ny Q1,¥ ‘ONOY,S ONISYD MH

-

€6EL41ON HV3IAONOT~ X068 ONIJINLS

TUYA NI-0OF TICON GOOMN3IH U 3NOVUdLS

i
\<

®

-

/

@O

OEOOOOO

-12 -




WU/9i9 nNQ

PRSI S S NCUSCIS. | T

"2 3¥nola

NOILO3S

8-8 NOI1123S

2.2 ZhlZh.z /
\ — N0 3e0ud A \
~ \
=13 RS RS e e —{ T G T
; : X [ . e ]
Z | |
| i
ST 02
K] = —
AT AT Y3 LR 4
\

77
&
) \\QQ%
£ 'y

.\QA\

vdyy * muz_zem._o nAv3ung 's'n
]

INTWIONVEEY 11180 350484

QAI._

TENNAL z_c..'/ ,/

s .\ ¥ = S IR S .
= PRECE—— . 7\
Hi.ll.“du'. - — -{ = | e J MW ed G-ta .IM

T = |\_{

i '

_ THNG 38044 ;

] %
1 JUA0L2 338 NOLY INJNID GNV I0VHOLS 3did-
qALu e AR o R
r 000i ™ ~ 0001

o .




———
€ N1y .

DUQ.UlilA wve
b..lhl Inoenve .
SUIFuONT peowy 21 £ 00

S3LVIDOSSV seowr -




b RANDLI

0 T Ero 3l el STAES NG Vinuoa D 0 8i7mvEd NV % — " ¥
Hﬂr.ﬁllﬂ WIBTD AOS -t GO 4 VA 493410 INOSNYE O0S — p—y il
A R T ST A aCavnBi0e3 AiCm S0 SHIINONT NOLLONLL SNOD T = f——1 = ]
= 1t e fiiy Vaa'l = CLilels M OvINN% GO SALVIDOSSY SGONT Pl BT TSI B s 1{es = .= —e .
We T Pa'r LS ekl

AT

NG MS0@ VUV ILDIO LITIOBLG = 6-6.708

T NOLGed

\\\ \m.)qjﬁ ’ ’ ' A i S

A,

S
\
—=An,
, ,,:_. 2
LT
:':T'
‘:%

[ ]

‘
77
o TN

o
.y

x

\-'\'
e

U

&
P i

-

N -,

7

i

¥

]
e / 4
1\

4 __-J
S
]
RS P SRS

+ )
! o L .
| it
0 AT R
w -4=-f ¥-1h
: &, (205
g | # NS
.. S oy

Tnm..*.Jl.

»
o
»
.
iz
9

- 15 -




Drill Mcthod Selection

- 16 -

DRILL METHOD Diamond | Rolling Percussion Turbine | In-hole | Thermal} Water
Core| Plug | Cutter | peg.[Rotary| In- Motor Jots
Hole
_PARAMLTTR
A- Thrust Needs 100 80 10 50 $0 90 S0 50 100 100
B- Hole Siv 100 { 100 40 100 60 70 S0 80 90 60
C- Depth Capability 100 | 100 100 30 10 90} 100 100 80 90
D- Power Needs $0| 40 90 30 30 40 30 30 S0 50
E- Coriny Ability 100 0 20 20 10 40| SO S0 0 0
F- Pen, Rate HISR** 70 60 70 90 100 100{ 60 89 80 40
G- Pen.Rate MSR* sol S0 90 90 70 70} 80 80 40 80
H- Eqpt. Compactness 60§ 80 40 90 70 80) 60 80 60 60
1- Skill Required 70{ 70 70 80 60 60] 40 40 $0 40
J- Economics 80 70 9 40 40 70 50 60 40 40
K- Direction Stability 60| 60 90 40 40 701 70 70 80 80
L- Safety 100§ 100 100 100 100 100 100 100 40 $0
M- Direction Control 60| 60 80 $0 50 60 90 90 80 80
N- Adaptability to
Rock Changes 90| 90 100 100 90 100{ 80 80 S0 60
O~ Operation Delays 60| 100 100 100 100 100} 100 100 100 100
P- State of
Technology 90| 90 100 100 60 70| 60 70 60 50

GRAND TOTAL 126041150 } 1170 1110 940 | 1210{1110 |[1l160 960 980
Total Coring MSR* 1190 NA | 1100 [1020 740] 1110{1030 |1l080 NA NA
Total Coring FHSR** 1210 NA | 1080 [1020 870] 1140{1030 {1080 NA NA
Total Full Hole MSR* | 1090 {1090 | 1080 1000 820 1070f 980 1020 880 940
Total Full Hole HSR** | 11101100 | 1060 |1000 860! 1200| 980 1020 920 900 |.
* Medlum Strength Rock

*+ Hard Suength Rock

NOTE: Rated 0-100 with 100 best

Figure S
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PICKUPS AT V/ORK Lt
..

NRPAX magnetic pckups are most often used with P2 TNy
toothed gears Any magietic discontinuity will do, such ¢ { l ' N s o, %
s holes or rivets. Somctimes 1t I5 conveniont 10 Use n"‘?".mw Lo S
fractions or multiples of GO (a 6O toolh gear Celivers 2= Hit | 1!; () #
100 cychos per second at 100 revolutions per minute).  Yp.  _jovs | W5 Yo :
Airpax tachameters pormit any (ooth combination which - % e
will providie a trequency of b cyclet por second or higher L ST
Figure 1, shons the mechanical arrangonent of pickup, Yy gt
bracket and pear

R LYok ¥ 4
/\[L W s\Q

vemr

The stundard entlyte i d
JAC b wnlor s

NEMA Lypes 3 ond 12

o B The rugged Liodel 310 offers » 250° arc scale having

e 8 Jength 2L times that of standard 90° micters.
The meter movement is 0-) MA DC full scale. Accur-

acy is 29%,. Meter resistance is 200 ohms =10
RPi, IATASU TN Mdmmlw is 2.75 inches. %

e r*us shalk LCD

o MMMWMN
pressure ser shve popot
o Wide ronge of semitwilies, wiiting end chart ‘ _ e ——
speeds. AC ot DC drives avoiloble
o Usoble chort wichh 2'," eacepl Model 391
(1~ par chonnal ond Model 3146 (2°), ‘ -
o Ouich eoty chor teview ond rewmind. Siiding b ""“]
oCLeIs WnNGIw, Sy
o Cuviom woles ovolluble ;___-_::____~-
o 204 Conirolter ond FI137 Two-Point Tiese ' ‘/
""--._‘_ """ oy -
o Accurocy 2% of full scole, e -:;a“&
o Cose site: 6%°W, 6%°D, S%°H. MODEL =
® Weight: Approsimately 6 by, 3133/392-8
® m%h:«h!&mm S~
ord in seties 300 “

RPM Moasurument System
Piguro 8
19 -



The standured Model 4 0001 Zero Velority Digital Pickup s contained in »
spdatiproo! and dustpeaot machined bawing Two mounting locknuts are pro-
videdd to focititate imtatlation and alignment of the pickup,

o= JINA =

rerarRf
/:‘s[L‘\- Y 3\: L Y

RACK GEAR - PICK UP

i rustrak P
ohﬂtu.‘fvm;ln.'::.‘-um"nu / --1‘

o Wide ronge of sensitivities, writing ond chort PY T — et—
speeds. AC or DC drives ovoioble.

o Usable chort width 2%," eaccpt Model 391
{1* per chennel), ond Model 3146 (2°),

o Quich ensy che.t review ond rewind, Sliding
occess window,

o Cutom scoles ovoiloble.

s ;Jg:m.]

‘ L.
0

-

o F204 Controlier ond F137 Two-Point Time —

1]
® m’ t:x “MM ;‘;:' -\...‘-Q
o Cose sire: 6%°W, 6% °D, S% "N, , w;‘"""mm-
¢ ‘Weighi: Approsimotely 6 lbs, 3133/392-8
® Moyt specificotions in series 200 ore stond- SHOWN

ord in series 300, - "

Ponotration Measuremont System

P'l_qin _9 .
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DESCRIPTION

Linear transducers provide a voltage output
which is linear with the movement of a per-
meable prebe along the instrument bore, The
magnetic circuit can bte proviced as either a
4-wire differential transformer or a 3-wire vari-
able inductance. DC-DC Lincar Transducers
are svailable, such as the D1110 with an ac-
curacy of better than .1%. Displacement of
the probe crcates an unbalance in the trans.
ducer coits, resulting in 8 “high level” output
voltage proportional to probe movement.

FEATURES

ACCURACY ¢ LINEARITY ¢ AC OR DC
¢ RUGGED LOW FORCE REQUIREMENTS
o LIGHTWEIGHT o

TYPICAL APPLICATIONS

Misstie engine monitoring » measurement and
control ¢ cam following ¢ checking bearing
contour ¢ sensing disphragm movement ¢ ex-
tensiometer micrometers ¢ insirument trans.
lators ¢ breakaway mechanisms e control

MODEL 288

pitch and yaw ¢ monitor aircroft control sur-
face actuators (F-14 & F-15) bellows move-
ment ¢ piston motion s positicn censors
e scale beams ¢ meter movements ¢ ane
alytical balances » nuclear/scismic motion
measurement o

PHYSICAL CHARACTERISTICS

Displacement Ranges: 0.01 to 50 inches.
Temperature Ranges: —160° to +450°F typ-
ical,

Shielding: tagnetic and electrostatic.
Thermal Coefticient of Sensitivity: 0.02%: per
degree F nominal,

ELECTRICAL PERFORMANCE RANGES
Excitation: Frequency: E0H2 to 20kHz,
Excitation Voitage: Up 10 115 VAC.
Sensitivity: Up to 60 v/v/inch.
Linearity Range: = 0.1 to 1%,

Null Voliage: 0 to 3 mv/v.

Resoiution; Contin.ious.

Repeatability: 0.01%% typical.

PRICE RANGE: $75 to $250.

rustrak

SINGLE CHANNEL DC RECORDER
MODEL 288

This versatile instrument is the basic recorder of
the Rustrak praduct line. Available ranges are
shown in'lahle 1. Usable chart width: 254",

Alternate Penctration Mecasurement System

Figure 10 .
-2] -



standard case dimensions
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OPENING
IN PANEL
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e
PRESSURE CONN. OPENING IN PANIL
%" PPt TAP

Amcifean” Pressure Recerdiens

Hydraulic System's Pressure Recorder
Figure 11
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OUTLET

\ SV'-"-'\JGI\F"IG Vi
g}?{\'éﬂ'/\h-'"f'. RAY HiE
- SPRING HUUSI.’;-\; W At e ey =
VHATTHEY DO, Theeo are flovs-rate
indicaters and switches that consistentiy
and continvously monitor the rate ot {low,
in gallons per minute (or cquivalent), of
liquids pascing through them. If the flow-
rate varics or stops, the change is i
immediately apparent on the indicatot dial
(and signalied, through o switch moda!),

- £

rustrak

SPECIFICATIONS:

o Inkless, dry writing, rectilinear recording an
/ pressure-sensitive paper. ’

I e Wide range of sensitivities, writing and chart
’ speeds. AC or DC drives available.

e Usable chart width 25{,” except Mode! 391

3]?30/2?2 R (1” per channel), and Model 3146 (2").
SHOWN e Quick easy chart review and rewind, Sliding

access window.

| e S, -
—ame . . . K g

A EROEES e

%d.b—m’-’dm“d;\;f)ﬂ: o

-t temian,

e Custom scales available.
e F204 Cantroller and F137 Twa-Point Time
Fluid Volume Measurement System
Figure 12
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