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3 Jul 1969

M LI TARY SPECI FI CATI ON

SHAFT ASSEMBLY, FLEXI BLE

This specification is approved for use by all Depart-
nents and Agencies of the Departnent of Defense.

1. SCOPE

1.1 scope. This specification covrs a flexible tuning shaft of varying
I engths, to be furnished as a conplete assenbly or as conponent parts. (See
3.2 and 6.2).

2. APPLI CABLE DOCUMENTS

2.1 Covernnent docunents.

* 2.1.1 Specifications and standards. Unl ess otherw se specified (see 6.2),
the follow ng specifications and standards of the issue listed in that issue

of the Departnent of Defense Index of Specifications and Standards (DoDl SS)
specified in the solicitation, forma part of this specification to the extent
specified herein.

SPECI FI CATI ONS

FEDERAL

QQ A-225/5 Al umi num Al l oy Bar, Rod, and Wre; Rolled, Drawn,
or Cold Finished, 2017.

QQ A-250/1 Al um num 1100, Plate and Sheet.

QQ N- 290 Ni ckel Plating (El ectrodeposited).

QQ P-416 Pl ati ng, Cadmi um (El ectrodeposited).

PPP- B- 601 Boxes, Wod, Cl eated-Plywood.

QQ B- 626 Brass, Leaded and Nonl eaded; Rod, Shaped Forgi ngs,
and Flat Products with Finished Edges (Bar and
Strip).

PPP- B- 636 Box, shi pping, Fiberboard.

TT-S- 1732 Seal i ng Compound, Pipe Joint and Thread, Lead Free,

General Purpose.

Beneficial comments {recommendations, additions, deletions) and any pertinent
data which may be of use in improving this document should be addressed to:
the Engineering Division, San Antonio ALC/MMEDO, Kelly AFB, Texas 78241 by
using the self addressed Standardization Document Improvement Proposal

(DD Form 1426) appearing at the end of this document or by letter.

FSC 3040
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M LI TARY
M L-P-116 Preservation, Methods of.
HI L- A- 8625 Anodi ¢ Coatings, for Al um num and Al um num Al | oys.
M L- F- 14072 Fi ni shes for G ound Signal Equipment.

STANDARDS

M LI TARY

M L- STD- 105 Sanpling Procedures and Tables for Inspection by
Attributes.

M L- STD- 129 Mar ki ng for Shipment and Storage.
M L- STD- 1186 Cushi oning, Anchoring, Bracing, Blocking, and

Wat erproofing; with Appropriate Test Method of.

¥ (Copi es of specifications and standards required by nmanufacturers in connec-
tion with specific acquisition functions should be obtained fromthe contract-

ing activity or as directed by the contracting officer.)

* 2.2 Oher publications . The followi ng docunent(s) forma part of this
specification to the extent specified herein. The issues of the docunents
whi ch are indicated as DoD adopted shall be the issue listed in the current
DoDI SS and the suppl ement thereto, if applicable.

NATI ONAL BUREAU OF STANDARDS
Handbook H28 Screw Thread Standards for Federal Service.

(Application for copies should be addressed to the Superintendent of Docu-
nents , Governnment Printing O fice, Washington DC 20402.)

¥ AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS
ASTM B 633 Zinc on lron and Steel, Electrodeposited Coating of

(Application for copies should be addressed to the Anerican Society for
Testing and Materials, 1916 Race Street, Phil adel phia, PA 19103.)

UNI FORM FREI GHT CLASSI FI CATI ON COW TTEE

Uni form Frei ght C assification Rules

(Application for copies should be addressed to the Uniform Cl assification
Conmittee, 202 Chicago Union Station, Chicago, IL 60606.)

* 2.3 Oder of precedence. In the event of a conflict between the text of
this specification and the references cited herein, the text of this specifi-
cation shall take precedence.

3. REQUI REMENTS

* 3.1 First article. Wen specified (see 6.2), the manufacturer shall
furnish one conplete shaft, flexible, tuning assenmbly for first article inspec-
tion- The first article may be either a first article nodel or an initial
production item which conforms to the requirements of this specification. In
ei ther case, the approved first article and the production itens shall be
i dentical and in accordance with the terns of the contract. Approval of the
first article shall not relieve the manufacturer of the responsibility to
furnish itens in accordance with the requirenents of this specification.
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3.2 Conponent parts. The tuning shaft shall consist of the follow ng
parts:

Item Quantity Item nane
1 1 Casing, of the length specified (see 6.2)
2 1 Shafting, of the length specified (see 6.2)
3 2 Sl eeve
4 2 Coupl i ng nut
5 2 Spline assenblies
6 1 Tag
3.3 Material. The material for each part shall be as specified herein.

When a definite material is not specified, a suitable material shall be used.
Acceptance or | pproval of any constituent material shall not be construed as a
guaranty of the acceptance of the finished product.

3.3.1 Alum num al | oy.

3.3.1.1 Bars and rods. Wen alumnumalloy bars or rods are used, the
alloy shall conformto QQ A-225/5.

3.3.1.2 Sheet. Wen aluminum alloy sheet is used, the alloy shall conform
to QQ A-250/1.

3.3.2 Brass. Wien brass is used, it shall conformto QQ B-626.

3.4 Design and construction. The tuning shaft shall conformto the design
construction, and physical dinmensions shown on figure 1.

3.4.1 Interchangeability. Mechanical interchangeability shall exist
between |ike assenblies, subassenblies, and replaceable parts, regardl ess of

the manufacturer or supplier. I nterchangeability for purposes of this para-
graph does not mean identity, but requires that a substitution of such like
assenblies, subassenblies , and replaceable parts be easily affected wthout

physical nodification of any part of the assenblies, including nmounting, and
wi t hout resort to selection.

3.4.2 Casing. The casing shall be of the interlocked type and shall be
made from steel strip with asbestos packing. The strip and packing shall be
wound together in a spiral so that the strip fornms a continuous overl appi ng
joint, the asbestos lying within the joint and being held by crinping the steel
strip. The outside dianeter of the finished casing shall be 0.335 inch maxi-
mum  The inside dianeter shall be 0.245 inch m ninum

* 3.4.2.1 Steel strip. The steel strip shall be not less than 0.010 inch
thick and 0.225 +0.015 inch wide, and shall be zinc-plated in accordance with

ASTM B 638.

3.4.2.2 Asbestos packing. The asbestos packing shall be 3-ply, 10-cut, or
equal .
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FIGURE 1.

Flexible tuning shaft.
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3.4.3 Shafting. The shafting shall be left-lay constructed of at |east
five Layers of steel wire, alternately wound on a mandrel. The outside dia-
neter of the conpleted shafting shall be 0.150 +0.000 inch,
-0. 005

3.4.3.1 sShafting ends. The ends of the shafting shall be fornmed cold to a
hexagonal Cross se_ction, or other neans shall be taken to prevent untw sting
during rough handling,6 shipping, et cetera. (See assembly draw ng on
figure 1).

3.4.4 Sleeve (casing end fitting. The sleeve shall be in accordance wth
detail 3 on figure 1A

3.4.5 Spline assenbly (shaft end fitting). The spline assenbly shall be
in accordance with detail 1 on figure 1.

3.4.6 Coupling nut. The coupling nut shall be in accordance with detail 2
on figure 1. Screwthreads shall be of the American National form in accord-

ance w th Handbook H28.

3.4.7 Tag. A tag shown in detail 4 on figure 1A shall be attached to the
tuning shaft in the location shown on the assenbly drawing on figure 1.

3.5 Casing.

3.5.1 Bend. Wen tested as specified in 4.4.2.1, the casing shall not fail
or show pernanent deformation or damage of any ki nd.

3.5.2 Pressure resistance. The casing shall show no evidence of |eakage
when tested as specified in 4.4.2. 2.

3.5.3 Static load. Wen tested as specified in 4.4.2.3, the casing shall
not fail or be damaged in any way.

3.5.4 Push-back. The casing shall withstand a 3/4 inch nmininmm push-back
per foot when tested as specified in 4.4.2. 4.

3.6 Shafting.

3.6.1 Deflection due to torque. The angular deflecting of the shafting per
foot of shafting length shall not exceed 7.0 degrees in either direction when
tested as specified in 4.4 3. 1.

3.6.2 Torque to rotate. The torque required to rotate the shaft shall not
exceed 0.12 pound-inch when tested as specified in 4.4.3.2.

3.6.3 Torsional strength. The shafting shall withstand a torque of 8 1/2
pound-inches in both the wi nding and unw nding directions w thout breaking or
showi ng permanent deformation when tested as specified in 4.4.3.3. The winding
direction is the direction in which the outside w nding tightens.
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NOTES

| DIMENSIONS ARE IN INCHES

2 TOLERANCES UNLESS OTHERWISE SPECIFIED, FRACTIONAL DIMENSIONS 2 i/64 DECIMAL DIMENSIONS *.002

3 REMOVE ALL BURRS AND SHARP EGGES

4 BEFORE ACTUAL CUTTING, AND QURING CUTTING AND HANOLING OF THE SHAFTING,EXTREME CARE SHALL
8E USED TO PREVENT UNWINDING DF THE SHAFT.NG OR INDIVIDUAL STRANDS THEREOF WITH CASING
STRETCHED TO MAXIMUM LENGTH,CL T CASING LONGER THAN SHAFTING BY 3/8 INCH FER FOOT
PUSH BACK CASING AS REQUIRED TO ASSEMBLE SPLINES TO SHAFTING

5 AT ASSEMBLY,COAT SHAFTING WITH GREASE CONFORMING TO MIL-G-23827

6. AFTER ASSEMBLY, APPLY THREAD LUBRICANT CONFORMING T2 TT-§-(732 @

7 Asseueu®a @ AT BOTH ENDS OF CASING ATTACH o~:®u ONE END OF SHAFTING (SEE
SECTION B-8 1) AND ASSEMBLE SHAFTING AND CASING, THEN ATTACH omen@iﬁ UNFINISHED
END OF SHAFTING.
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FI GURE 1A. Flexible tuning shaft.
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3.7 Finish. The finish of all pares shall be of the proper thickness for
the intended purpose, in accordance with ML-F-14072. Finishes shall conform
to the following specifications as applicable (see figures 1 and 1A):

Anodi ¢ coatings, for alum num and alum num alloys: M L-A-8625
Cadmium plating: QQ P-416

Ni ckel plating: QQ N290

Zinc plating: ASTN B 633

3.8 Marking. The tag shall be permanently and legibly marked with the
type and length of the tuning shaft and the manufacturer’s nane or synbol,
as shown in detail 4 on figure 1A. Length shall be represented by a 3-digit
nunber indicating the length of the shaft in inches, as shown in the exanple
on figure 1A

3.9 Wirkmanshi p. Tuning shafts shall be manufactured and worknmanli ke
manner in accordance with good design and sound practice.

4. QUALITY ASSURANCE PROVI SI ONS

4.1 Responsibility for inspection. Unless otherw se specified in the con-
tract or purchase order, the contractor is responsible for the performance of
all inspection requirenents as specified herein. Except as otherw se speci -
fied in the contract or order, the contractor may use his own or any other
facilities suitable for the performance of the inspection requirements speci-
fied herein, unless disapproved by the Governnent. The CGovernnent reserves
the right to performany of the inspections set forth in the specification
where such inspections are deened necessary to assure supplies and services
conformto prescribed requirenents.

4.2 Cassification of inspection. Unless otherw se specified (see 6.2),
the inspection requirenents specified herein are classified as follows:

a. First article inspection (see 4.2.1).
b. Quality conformance inspection (see 4.2.2).

4.2.1 First article inspection. First article inspection shall be applied
to the first article itemor initial production itemnoted in 3.1. Unless
ot herwi se specified (see 6.2), first article inspection shall consist of the
examination in 4.2.3 and all tests under 4.4, Failure of the first article
to pass the examination or any of the tests, shall be cause for rejection
The sanple shall consist of the foll owi ng specinens:

a. One 10 foot shaft assenbly, conplete.
b. One 10 foot length of casing.
c. One 10 foot length of shafting.

d. One 8 inch length of shafting for “torque to rotate” test.
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e. Two sleeves.
f. Two spline assenbl es.

g. Two coupling nuts.

h. One tag.
4.2.1.1 Test routine. The sanple tuning shaft and parts shall be subjected
to the first article tests specified in Table |, in the order Ilisted. Failure
in any one of the tests will be cause for rejection.

TABLE 1. First article tests

Requirement Test
Test paragraph paragraph
Test group 1 -
all specimens
Visual and mechanical inspection 3.3 to 3.4.7, incl. 4.4.1
3.8 and 3.9

Test group I1 -~
casing only

Bend 3.5.1 4.4,2.1
Pressure resistance 3.5.2 4.4.2.2
Static-load 3.5.3 4.4,2.3
Push-back 3.5.4 4.4.2.4
Test group IIY -
shafting only
Deflection due to torque 3.6.1 4.4.3.1
Torque to rotate 3.6.2 4.4.3.2
Torsional strength 3.6.3 4.4.3.3

4.2.2 (Quality conformance inspection. Unl ess otherw se specified (see 6.2
quality conformance inspection shall be applied to the production units
offered for acceptance under the contract. Quality conformance inspection
shall consist of a through ¢ as follows, and failure of any unit to pass an
exam nation or test shall be cause for rejection of the unit:

a. Product examned (see 4.2.3).
b. Test nethods (see 4.4).

c. Inspection of preparation for delivery (see 4.5).



Downloaded from https://www.everyspec.com

M L-S- 3644B

4.2.3 Product exam nation. Unless otherw se specified (see 6.2), each
shaft assenbly shall be visually examined to determ ne conpliance with require-
nments of section 3.

4.3 Sanpling for inspection. Sanpling and inspection shall be in accord-
ance with ML-STD-105. The acceptance quality level (AQ.) shall be as speci-
fied in table Il

4.3.1 Test routine. Sanple tuning shafts shall be subjected to the tests

specified in table Il, in the order |isted.
TABLE I1. | nspection tests.
Acceptable
Requirement Test quality
Test paragraph paragraph level (AQL)
Percent
defective
Visual and mechanical 3.3 to 3.4.7 4.4.1 2.5
inspection (complete incl., 3.7,
assembly) 3.8 and 3.9
Bend (casing only) 3.5.1 4.4.2.1 1.0
Pressure resistance 3.5.2 4,4.2.2 2.5
(casing only)
Push-back (casing only) 3.5.4 4,4.2.4 1.0
Deflection due to torque 3.6.1 4.,4.3.1 1.0
(shafting only)

4.4 Test nethods.

4,4.1 Visual and nechanical inspection. Tuning shafts shall be inspected
to verify that the materials, design, construction physical dinensions, mark-
ing, and workmanship are in accordance with the applicable requirenents. (See
3.3to0 3.4.7incl., 3.7, 3.8 and 3.9).

4.4.2 Casing.

4.4.2.1 Bend. The casing shall be bent into a 180 degree arc having a
radius of 3 inches at both room anbient tenperature and at -55 centigrade.
(See 3.5.1).

4.4.2.2 Pressure resistance. The casing shall be filled with grease unti
a pressure of 30 to 40 pounds per square inch has been exerted. (See 3.5.2).
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4.4.2.3 Static load. A straight length of the casing shall be subjected
to a static load of 125 pounds applied in line with the axis of the casing for
a period of 5 mnutes (see 3.5.3).

4.4.2.4 Push-back. The casing shall be stretched to its maxi mum|ength
and neasured, then conpressed to its mininmumstraight-line length and nmeasured
again (see 3.5.4).

4.4.3 Shafting.

4.4.3.1 Deflection due to torque. A torque of 16 ounce-inches shall be
applied to the shafting first in the winding and then in the unw nding direc-
tion (see 3.6.1).

4.4.3.2 Torque to rotate. Wth the 8-inch length of shafting inside a 90
degree bend of 4 inch mean radius, the torque required to rotate the shafting
at room anbient tenperature and at -55° centigrade, under no |oad, shall be
determ ned. The bend shall be nade of seam ess tubing having an inside diane-

ter of 0.25 inch (see 3.6.2).

4.4.3.3 Torsional strength. A load of 8 1/2 pound inches shall be applied
to a straight section of shafting in both the w nding and unw nding directions
for a period of 1 mnute in each direction

NOTE: Torque required to rotate the shafting in swaged area of aplined
sl eeve must exceed torsion strength of shaft.

4.5 Inspection of the preservation, packaging, packing and narking for
shipment and storage. Sanple itenms or packs shall be inspected to determ ne
the preservation, packaging, packing and marking for shiprent and storage
conform to the requirements of section 5.

5. PACKAG NG

5.1 Preservation and packagi ng. . Preservation and packaging shall be
level A or C as specified (see 6.2).

5.1.1 Level A

5.1.1.1 deaning and drying. Tuning shafts shall be cleaned in accordance
with process C-1 and dried in accordance with procedure D1 or D4 of ML-P-116

5.1.1.2 Unit protection. The tuning shafts shall be preserved at each end
of the shaft with P2 preservative in accordance with ML-P-116, nethod lc. The
preserved shafts shall then be individually unit packaged in a container con-
formng to PPP-B-636, class domestic. Tuning shafts 72 inches or less in
I ength shall be placed straight in flat containers with necessary cushioning
to prevent damage. Tuning shafts nmore than 72 inches in length shall be soiled
on a wood or fiberboard formor core-nmounted in the container. The inside
di ameter of the coil shall be not |ess than 24 inches. Sui tabl e cushion nate-
rial shall be placed in the corners of the container to prevent shifting or
kinking of the shaft in transit.

10
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5.1.2 Level C. Cl eaning, drying, preservation and unit protection shal
be in accordance with nanufacturer’s commercial practice.

5.2 Packing. Packing shall be level A B or C as specified (see 6.2)

5.2.1 Level A. A tuning shaft packaged as specified in 5.1 shall be packed
in an overseas type shipping container confornming to PPP-B-601. The container
shall be uniformsize and shape and nminimumtare and cube. Cosure and
strappi ng shall be in accordance with the appendix to PPP-B-601

5.2.2 Level B. Level B packing shall be the sanme as Level A except that
the shipping container shall be domestic type.

5.2.3 Level C. The tuning shaft packaged aa specified in 5-1 shall be
packed in a manner to insure carrier acceptance and safe delivery at destina-
tion. Containers shall be in accordance with Uniform Freight C assification
Rul es or regulations of other carriers applicable to the node of transporta

tion.

5.3 Physical protection. I nterior cushioning, anchoring, blocking and
braci ng shall be in accordance with M L-STD 1186

5.4 Marking. In addition to any special marking required by the contract
or order, interior containers and shipping containers shall be nmarked in

accordance with the requirenents of ML-STD 129

6. NOTES

6.1 I ntended use. The tuning shaft covered by this specification is
i ntended for manual |l y-operated renpte control of electronic and conmunication
equi pnent used in aircraft. The tuning shaft is capable of operation in both
cl ockwi se and counter-cl ockwi se directions.

6.2 Odering data. Procurenment docunents should specify the follow ng:

a. Title, nunber and date of this specification

b. First article, when required (see 3.1).

c. Cassification of inspection if different (see 4.2).

d. First article inspection, if different (see 4.2.1).

e. Quality conformance inspection, if different (see 4.2.2).
f.  Product exam nation, if different (see 4.2.3).

g. Selection of applicable level of preservation, packaging, and packing
required (see 5.1 and 5.2).

6.2.1 Indirect shipnents. The packagi ng, packing, and narking specified in
Section 5 apply only to direct purchases by or direct shipments to the Govern-
ment and are not intended to apply to contracts or order between the manufac-

turer and prime contractor.

11
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6.3 Structural details (suggested).

6.3.1 Casing. Steel for steel strips used in making the casing should have
a tensile strength between 45,000 and 50, 000 pounds per square inch,

6.3.2 Shafting. Suggested nistruction of shafting is as follows: First
| ayer conmposed or three wires, second layer, SIX wires; third layer, nine
wires; and fourth and fifth layers, ten wires each. Suggested wire is 0.013
inch in diameter, with a tensile strength of 240,000 to 260, 000 pounds per
square inch.

6.4 Matters relating to tuning shafts furnished in accordance with this
specification for use in the design, production, or procurenment of equipnent,
shoul d be referred to the cognizant bureau or service.

¥ 6.5 Changes from previous issue. The margins of this specification are
marked with asterisks to indicate where changes (additions, nodifications,
corrections, deletions) fromthe previous issue were made. This was done as

a conveni ence only and the Governnent assunes no liability whatsoever for any
i naccuracies in these notations. Bi dders and contractors are cautioned to
evaluate the requirenents of this docunent based on the entire content irre-
spective of the marginal notations and relationship to the |last previous issue.

Cust odi ans: Preparing activity:
Air Force - 99 Air Force - 82
Arnmy - ER
Navy - AS

Review activities: (Project 3040-0016)
Arny - Av

Navy - AS, SH

12
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