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FOREWORD

1. This military standard is approved for use by all
Departments and Agencies of the Department of Defense.

2. Beneficial comments (recommendations, additions,
deletions) and any pertinent data which may be of use in improving
this document should be addressed to: Commander, U.S. Army Missile
Command, ATTN: AMSMI-RD-SE-TD-ST, Redstone Arsenal, AL 35898-5276
by using the Standardization Document Improvement Proposal (DD Form

1426) appearing at the end of this document or by letter.
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1.

SCOPE

1.1 Purpose. The purpose of this standard is to establish

nnnnn Al
acceptable limitations applicable

installation of rivets and screws
structures.
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for rocket, missile and airframe
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2. APPLICABLE DOCUMENTS

-~
L. 1 l:UVQ:‘LIUlI.t:llL. UUL—UH!CHL.‘_—;

2.1.1 sSpecifications, standards, and handbooks. The
following specifications, standards, and handbooks form a part of
this document to the extent specified herein. Unless otherwise
specified, the issues of these documents are those listed in the
issue of the Department of Defense Index of Specifications and
Standards (DODISS) and supplement thereto, cited in the
solicitation (see 6.2).

SPECIFICATION
MILITARY
MIL-P-116 - Preservation, Methods of
MIL-5-8802 - Sealing Compound, Temperature-

Resistant, Integral Fuel Tanks and

Fuel Cell Cavities, High Adhesion
MIL-S-11030 - Sealing Compound, Single Component,

Non-Curing, Polysulfide Base

SPECIFICATION
FEDERAL

TT-P-1757 - Primer Coating, Zinc Chromate, Low-
Moisture Sensitivity

MILITARY

MIL-STD-171 - Finishing of Metal and Wood Surfaces

(Unless otherwise indicated, copies of the federal and
milictary specifications, standards, and handbooks are available
from the Standardization Documents Order Desk, Bldg. 4D, 700
Robbins Ave., Philadelphia, PA 19111-5094.)

2.2 Order of precedence. In the event of a conflict between

the text of this document and the references cited herein, the text
of this document takesg nrnradpnrn Nothing in this dnrnmpnr

LR watls AT AL L UL 2 0 i ] RO v WPLonk U Ll B 1 S el AL EL S P ] el AN e Tl
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however, supersedes applicable laws and regulations unless a
specific exemption has been obtained.
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3. DEFINITIONS

3.1 Definitions. For the purposes of this standard, the
following definitions shall apply.

3.2 Cocked head. The seating of either the manufactured head
or the upset head at an angle other than perpendicular to the shank
of the rivet parallel to the surface.

3.3 Manufactured head. The head formed at the time the rivet
is manufactured.

3.4 Upset head (shop formed). The head formed during the
riveting operation.

3.5 Dimpling. Stretching a relatively small shallow
indentation into sheet metal. Stretching metal into a conical
flange for use of a countersunk rivet or screw. Dimpling is
substantially stronger than counterSLnklng and should be performed
on relatively thin panels.

3.5.1 Draw dimpling. Dimpling that is produced by utilizing
a male and female die without first preparing a pilot hole. The
dimple dies punch the hole and form the dimple in a single
operation. (NOTE - Draw dimpling shall not be permitted without
written approval of the procuring activity.)

3.5.2 Modified-radius dimpling. Dimpling which is produced
by utilizing a male and female die where the contour of the dies
results in a dimple with the top and bottom sides of the dimple
non-parallel,

3.6 Countersinking (machine countersinking). Chamferlng a
conical depression around the top of a hole for receiving the head
of a fastener.
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4. GENERAL REQUIREMENTS

4.1 Hole formation.

4.1.1 Hole sizes. Unless otherwise specified, pilot holes
shall be drilled before dimpling. The final hole size shall be
drilled or reamed after dimpling, or countersinking. Hole
tolerance shall be in accordance with tables I, II, III, or 1IV.

4.2 Dimpling. Where flush applications of rivets and screws
are spec1f1ed both sheets to be joined shall be dimpled when each
sheet is within the thickness specified in tables I, II, III, or

Trr =k =11 vy .1 4
Iv. All parts shall be dimpled separately with the fclchlng
exceptions:

a. Parts cemented together with a total thickness not
greater than the greatest thickness for dimpling.

b. Parts, spot or seam welded, with a total thickness
greater than the greatest thickness for dimpling.

4.2.1 Modified-radius dimpling. Modified-radius dimpling
shall be used when dimpling by form countersinking is not possible
with the following exceptions:

a. A modified-radius dimple shall not nest intoc another
modified-radius dimple.

b. The greatest material thickness for modified-radius
dimpling shall be 0.064 inch.

¢. The greatest size ©

s
0.188 inch diameter rivet.

4.2.2 Cracked dimples. Cracked dimples shall be rejected.
Any repairs shall be subject to engineering approval.

4.3 Countersinking. Countersinking shall be used when the
outer sheet is within the limits specified in tables I, II, III, or
IV, or when dimpling is not permitted by engineering drawings or Dby
this standard.

4.4 Combination dimple and countersinking for rivets and
screws. This method shall be used only when specified on the
engineering drawings or when the outer sheet is less than the least
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thickness for countersinking and the inner sheet is greater than
the greatest thickness for dimpling.

4.5 Cleaning and protective coatings.

4.5.1 Finishing sequence. Parts shall be cleaned (see
4.5.2), surface treated or electroplated, and primed in detail
prior to assembly as specified on applicable drawings.

4.5.1.1 3Sealing. Rivets, buck bolts, blind rivets and
threaded fasteners shall be assembled with wet, unthinned zinc
chromate primer conforming to TT-P-1757. If the fasteners are
dissimilar to and can result in a direct contact with magnesium, a
washer of 5052 aluminum alloy with not less than an over-lap of
0.125 to 0.25 inch shall be used in addition to TT-P-1757 primer.
Other sealing compounds, such as materials conforming to MIL-S-
11030 and MIL-5-8802, may be used as substitute for TT-P-1757 when
approved by the procuring activity.

4.5.2 Cleaning of mating surfaces. All chips, burrs, and
foreign material shall be removed from the mating surfaces prior to
surface treating.

4.5.2.1 Removal of strippable coating. The temporary
strippable coatings must be removed from all joints and from under
the heads of all fasteners before installations.

4.5.3 Materials to be stored. Materials which are to be
stored after drilling, countersinking, or dimpling prior to
finishing shall be protected against corrosion in accordance with
the applicable methods of MIL-P-116. In cases where drilling,
countersinking, or dimpling is accomplished after finishing, the
damaged areas of the protective finish shall be repaired with a
suitable surface treatment meeting the requirements of MIL-STD-171
and reprimed.

4.5.4 Gap limitations between joined sheets. Gap limitations
between joined sheets shall be in accordance with figures 1 and 6
and tables I, II, III and IV.
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‘I' 5. DETAILED REQUIREMENTS

5.1 Dimpled holes. When dimpling is performed, pilot holes
shall be drilled, the material dimpled, then the hole drilled or
reamed to the final size noted in tables I, II, III, or IV. Both
sheets to be joined shall be dimpled when each sheet is within the
thickness limits specified in figures 1 or 6 and tables I, II, III,
or IV.

5.1.1 Dimpling. Aluminum, magnesium and titanium alloy sheet
stock shall be dimpled in accordance with temperature requirements
of 5.1.1.1.

y 5.1.1.1 Dimpling temperatures. The following temperatures
must be obtained at the bend radii during the dimple cycle:

y 2024-T3 or T4 Ambient Temperature
*6061-T4 Ambient Temperature
*6061-T6 Ambient Temperature
7075-T6 Not less than 149° Celsius (C) -
Not greater than 204°C
. 2024-T6 Not less than 149°C - Not
. ' greater than 204°C
Magnesium Not less than 149°C - Not

greater than 204°C

Titanium Not less than 316°C - Not
greater than 426°C

* If cracking occurs, heat to not less than 149°C - not
greater than 204°C. Dimpling of 7075-T6, interrupted-aged,
material may be done at room temperature with the written approval
of the procuring agency.

5.1.1.2 Hot dimpling precaution. The method of hot dimpling
shall be controlled to prevent loss of sheet strength. When
thermocouple controlled temperature heater blocks are used, the
heater blocks shall be tight on the dies at operating temperature.
The thermocouple location shall be near the dies and approximately
the same location in all heater blocks. Any protective finish or
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treatment must be removed around the area contacted by the dimpling .
tools.
5.2 Rivets.
5.2.1 Conventional rivets. The application of conventional

rivets shall be in accordance with table I, unless otherwise
specified on the engineering drawing.

5.2.2 Pull-through and self-plugging blind rivets. Pull-
through and self-plugging blind rivets shall be installed as in
accordance with table II and the manufacturers recommended
practices except as modified by the engineering drawing or by this
standard. '

5.2.2.1 Acceptable and unacceptable limits of upset heads.
Acceptable and unacceptable limits of upset heads shall be as shown
in Figure 4. Choice of the proper rivet size and grip length will
be the controlling factor to meet these conditions.

5.2.3 Chemically expanded rivets. Chemically expanded rivets
shall be installed in accordance with table III and the
manufacturer’s recommended practices except as modified by the
engineering drawing or by this standard.

5.2.4 Rivet hole tolerance. Unless otherwise specified,
holes shall be prepared for rivets in accordance with the .
tolerances specified in tables I, II, or III. Oversize holes shall
be corrected by the use of one size larger rivet with the following
restrictions:

a. Not more than 10 percent (%) of the rivets in the
pattern shall be affected.

b. The least required edge distance and sufficient head
clearance for the replacement rivet shall be obtainable. NOTE -
Edge distance is the distance from the center line of the rivet to
the edge of the sheet or joint. This dimension should not be less
than two times the rivet diameter in sheet stock, three times the
rivet diameter in non-ferrous castings. Generally, rivet spacing
is called out on all drawings in accordance with stress
requirements.

c. The hole shall not have a dimension greater than the
allowable diameter for the next larger size rivet,
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d. When countersinks are oversize the skin thickness
shall permit the use of the next larger size rivet.

5.2.5 Countersinking. Unless otherwise specified on the
engineering drawing, countersinking sizes and dimensional
limitations shall be in accordance with figure 2 and table I, III,
or III.

5.2.6 Combination dimple and countersinking. Combination
dimple and countersinking sizes and dimensional limitations shall
be in accordance with figure 3 and tables I, II, or III.

5.2.7 Rivet heads.

5.2.7.1 Manufactured rivet head height. Manufactured heads
of countersunk rivets shall not be below the skin of exposed or
critical surfaces either before or after driving. Unless otherwise
specified on the engineering drawing, the projection height of
countersunk heads shall be not greater than 0.004 inch (see figure
1). A maximum of 0.006 inch may be shaved from a protruding head
in order to meet this requirement.

5.2.7.2 Cocked heads. Cocking of either head (manufactured
or upset) shall not be allowed, except where one or more joined
surfaces are angular. When only one side of the material to be
joined is in an angular position, the upset head shall be formed on
the angular side of the material.

5.2.7.3 Upset heads. The diameter and height of upset heads
shall be determined in accordance with figure 5 and table V or VI.

5.2.7.4 Malformed upset heads. The mean height of malformed
upset heads shall be not less than one-third of the rivet-shank
diameter. The mean height shall be within the limits specified in
tables v or VI.

5.2.7.4.1 Cracked upset heads. Very fine radial cracks

located on or around the periphery are not acceptable if they are
wedge shaped or permit chips to fall out. Radial sheer cracks
shall be not greater than 0.125 inch of nominal shank diameter in
depth or 0.063 of nominal shank diameter in width. There shall be
no cracks within a circle concentric with and 1.10 times the under
shank diameter. The crack criteria for upset rivet heads does not
apply to barrel sections of rivets.
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5.2.7.5 Marring of the manufactured head. A cut or ring
caused by the riveting equipment used shall be acceptable on non-
flush rivets providing the depth of the cut is not greater than
one-fourth of the head height. Cut or ringed flush rivets shall
not be acceptable.

5.2.7.6 Head gap. Gaps under the manufactured head of non-
flush rivets installed on a flat surface shall not be acceptable.
Heads of non-flush rivets installed on convex surfaces shall seat
flat longitudinally only.

5.2.8 Rivet lengths. The rivet length shall be selected to
allow sufficient material to form the correct size driven head.
Table VII shows the nominal shank projection before the driving for
rivets up to 0.375 inch in length. Rivet length shall be selected
so that the finished rivet will meet the requirements of this
standard and applicable specification and drawings.

5.3 Screws.

5.3.1 Hole sizes. Unless otherwise specified on the
engineering drawings, hole sizes for screw installation shall be in
accordance with table IV.

5.3.2 OQversize holes. OQversize holes may be corrected when
approved by the procuring agency.

5.3.3 Countersinking. Countersinking sizes and dimensional
limitations shall be in accordance with figure 7 and table 1V,
unless otherwise specified on the engineering drawings.

5.3.4 Combination dimple and countersinking. Combination
dimple and countersinking sizes and dimensicnal limitations shall
be in accordance with figure 6 and table IV.

5.4 Skin damage. Damage or deformation of the skin from the
riveting equipment or flushhead shaver shall not be acceptable.

10
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6. NOTES

(This section contains information of a general or explanatory
nature that may be helpful, but is not mandatory.)

6.1 Intended use. This standard is intended to establish
acceptable limitations applicable to preparation for, and
installation of rivets, and screws for rocket, missile, and
airframe structures.

6.2 Issue of DODISS. When this standard is used in
acquisition, the applicable issue of the DODISS must be cited in
the solicitation (see 2.1.1 and 2.2).

6.3 Metrication. Metric equivalents in accordance with FED-
STD-376 are acceptable for use in this specification.

6.4 Subject term (key word) listing.

Bolts
Couplings
Fasteners
Pins

6.5 Changes from previous issue. Marginal notations are not
used in this revision to identify changes with respect to the
previous issue due to the extensiveness of the changes.

Custodian: Preparing activity:
Army - MI Army - MI '
Review activities: Project No. 1410-8117
Army - AR, EA, ME .
AF-99
11
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MIL-STD-4G3C

TABLE VII. Average nominal proijection before driving.

Rivet Dimension
Diameter o
C
0.0625 .094 f—
0.938 J141 ®
0.125 .188 éﬂ {
0.1i56 L2348
0.188 .281 -
0.25 .375
0.313 .469
D.375 .562
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MIL-S5TD=-401C

100°¢.5°
SHEET .
THICKNESS
LA 7777778
|
1
!
L —— —

NOTE: COUNTERSINK DIMENSIONS ARE CHOSEN SO THAT
MANUFACTURED RIVET HEAD WILL BE "FLUSH" TO "HIGH"
AFTER DRIVING, THIS MAY NECESSITATE SHAVING
DEPENDING UPON SURFACE REQUIREMENTS,

FIGURE 2, Countersink dimensions for rivets.
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ACCEPTABLE CONDITIONS .

UNACCEPTABLE CONDITIONS

j E
GRIP LENGTH TOCQ LONG UNDERSIZED OVERSIZED
FOR MATERIAL THICKNESS HOLE HOLE

GRIP LENGTH TOCG SHORT
FOR MATERIAL THICKNESS

FIGURE 4, Acceptable and unacceptable conditions for
pull-through and self-plugging rivets,
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MiL=51D—-4030

100° + .5°
. OUTER SHEET
<‘ e l'> [THICKNESS

~'—| |'-—HOLE DIA —T_

AT T AWMV

NOTE: COUNTERSINK DIMENSIONS ARE CHOSEN
SO THAT THE SCREW HEAD WILL BE "FLUSH"
TO " LOW L1} -

FIGURE 7. Countersink dimensions for screws (see table IV).
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