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Production of “m.echaniC(!:
brains'’ for complex flight contro
systems is a challenge that has !)('Een
ﬁ\lt’x‘(m:»fu]lv met in the precision
workshops at Garrett AiResearch,
Los Angeles. These “brains” are so
sensitive that if a small housefly
happened to alight on a certain part
of the operating mechanism, an alti-

tude error reading of more than 40
feet would occur!
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Assume control of the airplane at
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man reactions fail, In addition to
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as effectively as a spec .
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balance Mach transduger.with A
very small fulerum dev:gging
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Od tecter-totter, the instant

crum 1ever pecomes unbal-
uthe fulcrum itself moves into
new. position to keep the f\{lcrmn
en keel. As this ful-

r at an ev ;
moves back and forth, it makes

d breaks olectrical contacts to

te the incoming instrument sig-
to a computer.

It is the production of this ful-

device with which the shop is

oncerned. Many otherwise conser-

wtive engineers, who are fully

act

aware of the material and produc-
tion problems that have been over-
come, state flatly that the force-
balance Mach transducer is a man-
ufacturing miracle!

For example, all non-sensitive
parts of the unit are machined to
within 0.0002 of an inch. The jack-
screw used to position the fulcrum
must turn within 70 millionths of
an inch or incur a 7 ft. altitude error.
If the tracks on which the fulcrum
travels deviate 50 millionths of an
inch from flatness, a 5 ft. altitude
error occurs. Axial deviation of cer-
tain bearings used in the unit must
be held within 10 millionths of an

inch.

The force-balance Mach trans-



f the unit to changing ?,nvironmemq,
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“Redsff’?':tsseis almost instantaneous.
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Fig. 2—Technician makes final adjustments
on assembled Iorce-balance Mach fransducer,
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Structurally, the foree
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machine s Op- "
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Fig. 4—This illustration shows the tracking
c?mponem. A 50 millionths of an inch devia-
tion from flat equals 5 feet altitude error.

terial had to exhibit uniform small
thermal expansion and contraction,
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arious force-balance
omponents. Con-
ventional machines are use

throughout, with techniques, setup
and gaging producing the very close
tolerances required. The only tape
controlled operation in the lot is the

jon 1
poring of the bearing mounting
holes in the fulcr

um carriage, and
this because the tape con

complex

t highly
that hig o6
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duction of the v
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trolled jig
borer used has a high production
potential. As air data computer sys-
tems have been installed on thou-
sar}ds gf military airplanes, and are
being installed on many high per-
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kept within 70 millionths of ‘
It is pointed out that while ”;‘?’
tolerance is rather easy to of
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 g—The fulcrum with its bearings.
4ot tolerance deviations which
14 cause such drunkenness to

pCur.

As are all other components, the
ackscrew is made of a special, fine
min stainless steel. After turning
b the proper diameter, a rough
ead grind is performed. This is

nﬁis, thread taper gages, and
Mad, unti'y‘lnnemS gage are repeatedly
in the exacting results are
. lap “;(‘a big problem at this point
¥arch p&, f) a“(_l an intensive re-
S atten?ram I8 now in progress
iy, fhq o0t 10 Prolong lap life, As

gt fina] lappin :
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thin 4 which is still well
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crum carriage, Fig. 4, when finished
are so flat that if pressed together
they become cohesive, The actuai
track sections are about 2 inches
long, and flatness over the entire
s_urface must be held within 11 mil-
!1onths of an inch. This component
is so critical that as much as 0.001
inch oversize in one of the tapped
mounting holes is not acceptable, A
§pecial alloy is used for the mount-
ing screws.

On this component, the back is
first rough machined and broached,
then stress relief is given. This is
followed by grinding and lapping
the back to a flatness which ap-
proaches the flatness of the final
track surfaces. This care on the back
of the unit provides a reference
working surface of the required pre-
cision. The component is then turn-
ed over, mounted on its precision
back, and the tracks are planed.

with its mount.
which illustrates

Fig. 7—The E-core frans
Note darkened diagram o it
graphically how the trans uce
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the bearing mount holes are produced
on .a. tape controlled jig borer.”

precision bearings and, a4
noted, the bearing mo
produced on g tape

Line production ig used o, -
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roughing) to provide 4 Wwork:
point. All tooling is locateq from
point until the first bore i made |
the fulcrum bearings, Beyonq ¢
point, all tool locationg are ma
from these two bores, This is 0
sure that drunkenness wil] not oce

As can be noted in Fig. 68
precision slots are required at {
lower right. Center distances
tween these slots must be held wi
in 0.0001 inch. This is accomplish
by the setup. Two pre-dressed
M carriage along tracks, Trately Spaced grinding wheels L
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-0.000

. oh in diameter. The
1a1§gther problem. The
k. ‘lable are purchas-

ea ch and every bearing is

o] ea . .

& vidual inspection.
%ﬂoil and grease applied to
ing by its manufacturer are

o by degreasing. Then the

.nd axial deviation of the dry
w is gaged. Axial deviation

1] within 10 millionths of an
or sufficient drunkenness will
o affect the accuracy of the

eptable bearings are then care-
weighed in the dry condition,

then re-greased with a weighed
amount of grease. Thus, each and
every l{)earlng, when used in assem-
bly, will meet the required bore
tolerances, axial deviation toler-
ances, and exhibit the same amount
of turning friction or torque.

Final assembly of the force-bal-
ance Mach transducer is a Class A
cleanroom operation where temper-
ature, humidity and air dust count
is kept under careful control. Final
inspection of all components is also
a cleanroom operation, for what
appears to be a speck of dust almost
invisible to the human eye could
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¢ to be 2 o I}C H(;tei"
ou use .
of the :
tragedy- . most amazin fef;
Perhaps . th productlon
ture con mg, its 18 that,
precision unl pe
these ul controlled J18

e fo'roned all work is accom-
rathe;' conventiqnal shop
machines and grinders, Wlth. setup
techniques and accurate ga}g_lng as-
suring the necessary precision re-
sults. This should be heartening to
those shop operators who d'o not
have and cannot afford exotic ma-
chine installations where costs for
same run into the six figure category.
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Revised Standards For Gears.
The American Gear Manufacturers
Amsociation with headquarters at
One Thomas Circle, Washington 5
D. C, has released 11 new and re:
vised standards for gears, many (;f
:i::m covering advanced dosign.and
o mms recently developed tech.-

jues. Some of them climax nlmbqt
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Fig. 10—Installing a bearing in forc -b
Mach transducer. Bearing which is i

greased for inspection purposes,
regreased with a known amount of

was enlarged to take in helical
herringbone gear speed redt
that have pitch line velocities ¢
than 5,000 feet per minute from
former of less than 4,000 feet
minute. It also re-defines “frequ
and “infrequent” starting loads ¢
offers more definitive language
thermal capacity, shaft stresses &
overhung loads. :
The thermal capacity data
ml‘. herringbone, and com -
spiral bevel speed reducers (AGM
423.01) was also greatly expand
over an earlier standard. The star’
ard practice for single and de
reduction, double-enveloping
and helical-worm speed red
was bl.‘oadened_ It takes in do¥
uction reducers inco o

lt\ie;lical gearing as the initial red“g ]
. Input power rating dat? f |
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ity WAas added to the
eltgurability standard
yr aw«ithdraWn-
ndards three are
» which merely
8 © . | orinting. The new
# u;;laziGpMA number and
, as follows: i

AGMA 151.02, “Application
cation fOT Helical, Herring-
8 piral Bevel Gear Speed

" AGMA 203.02, “System—
pitch On-Center Face Gears
0.Deg. Involute Spur Pinions”
) AGMA 221.02A, ‘““‘Design
tee—Rating for the Strength
elical and Herringbone Gears
Enclosed Drives”

) AGMA 270.02, ‘‘Output
eds for Gearmotors”

5) AGMA 271.03, “Ratios for
lical, Herringbone and Combina-
i S’I’)iral Bevel Gear Speed Re-

6) AGMA 420.03, “Practice for
lical and Herringbone Gear
;j' Reducers and Increasers”

! ) S?)GIE’IAH&‘]Z] .05, “Practice for
 Spee elical and Herring-
16 Gear Unitg” v

)citAGMA 423.01, “Thermal
i > of Helical, Herringbone,
mbination - Spiral Bevel
9) Aoucers”

elca) a;I\éIA 424.01, “Practice for
VT Herringbone Gearing
7 Mud Pumpg”

GMA 430.03, “Practice
Mployin S tucers and Increasers
(1) AgG Piral Bevel Gearing”
® Single MA 441,03, “Practice
X ble-Envand _Double-Reduction,
) ‘WOrm SeIOPlng Worm and Heli-
Peed Reducers.”
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