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1. SCOPE:

This study addresses the adequacy of sockets, wrenches, and torque adapters conforming to
AS954 to wrench 12 point fasteners with wrenching configurations conforming to AS870C.
Reported wrenching problems with smaller sizes are investigated through examining the combined
tolerances on the fasteners and wrenches, conducting torque testing on typical high strength lock
nuts. Possible solutions to correct these wrenching problems are presented.

2. REFERENCES:
2.1 Applicable Documents:

The following publications form a part of this document to the extent specified herein. The latest
issue of SAE publications shall apply. The applicable issue of other publications shall be the
issue in effect on the date of the purchase order. In the event of conflict between the text of this
document and references cited herein, the text of this document takes precedence. Nothing in
this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

2.1.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, \Warrendale, PA
15096-0001.

AMS 7251
AS870
AS954
AS3068

2.1.2 U.S. Government Publications: Available from DODSSP, Subscription Services Desk,
Building 4D, 700 Robbins Avenue, Philadelphia, PA 19111-5094.

FED-STD-346
MIL-STD-1515
MS33787

2.1.3 IFl Publications;

IFI-107
[IFI-115
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3. PREFACE:

A principal requirement of AS954 Aerospace Standard for “HIGH STRENGTH” tools is that the
tools “... shall transmit torque to the fastener (per AS870) without bearing on the outer 5% of the
fastener’s wrenching points”. The purpose of this is to enhance the wrenching capability on 12
Point fasteners. Despite the improved wrenching performance thus developed by AS954 it is
realized that wrenching problems may still exist on the smaller wrenching sizes due to tolerances.

This report is intended to serve as a basis of review and analysis of this problem and to suggest
possible solutions.

4. OBJECTIVES:
1. To study the wrenching engagement between wrenching tools per AS954 and fasteners:

a. per AS870 design

b. per Industrial Fastener Institute (IFI) IFI-115

c. per typical aesrospace fastener manufacturers' 12 Point fastener design from catalog
dimensional information

2. To test the wrenching torque achievable on selected sizes typical of the smaller 12 Point
fasteners.

3. To compare the wrenching engagement and torque test results so as to identify any
wrenchability problems.

4. To recommend areas for possible changes in wrenching configuration sizes/tolerances on the
wrenching tool and/or fastener that will alleviate these wrenchability problems.

5. RESULTS:

The following surmmary results are humbered in accordance with the preceding OBJECT
statements. Refer to Figure 1. MODEL DEVELOPMENT and the associated Equation Pages 1
and 2 for identity of the symbols.

1. Tables 1, 2, and 3 give the pertinent dimensions of the wrenching tool per AS954 (note that
AS954A Section 3.8.2 requires compliance with FED-STD-346) and fastener dimensions per:

a. AS870C

b. Standard Pressed Steel, FN22 Series Locknuts

c. IFI-115, 1970 12 Point Flange Screws

Note that dimension E min is the “wrenching engagement” and is the item of principal concern.
This represents the amount of overlap per side and is calculated from the Minimum fastener
across corners dimension and the maximum wrenching tool (socket) root diameter.

Note also that the magnitude of E min is as little as 0.0034 inch for the 0.1875 (3/16) inch hex
size and is less than .010 inch for all nominal hex sizes 0.3438 (11/32) inch and smaller.
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MODEL DEVELOPMENT
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A=FASTENER ACROSS CORNERS, DIAMETRAL
B=FASTENER ACR0OSS FLATS

C=FASTENER ROOT DIAMETER

D=SOCKET ROGT DIAMETER

E=ENGAGEMENT LENGTH RADIAL DISTANCE PER SIDE
F=SOCKET ACRGSS FLATS

G=INNER CORNER RADIAL CLEARANCE PER SIDE
H=FASTENER LOBE RADIAL HEIGHT

K=ACROSS FLATS CLEARANCE PER SIDE

FIGURE 1
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EQUATION PAGE 1
for
FED-STD-346C SOCKETS
and
AS870C FASTENERS

Given Dimensions:
Amax, Amin - Fastener across outer corners diametral max, min

Bmax, Bmin - Fastener across flats max, min

Cmax, Cmin - Fastener root diameter max, min

Fmax, Fmin - Socket across flats max, min
Calculated Dimensions:

Dmax = Socket root diameter, max
= Fmax/cos 15°

Dmin = Socket root diameter, min
= Fmin/cos 15°

Emax = Engagement length radial distance per side, max
= (Amax - Dmin)/2

Emin = Engagement length radial distance per side, min
= (Amin - Dmax)/2

Gmax = Inner corner radial clearance per side, max
= (Dmax - Cmin)/2

Gmin = Inner corner radial clearance per side, min
= (Dmin - Cmax)/2

Hmin = Lobe height radial, min
= (Amin - Cmax)/2

Kmax = Across flats clearance per side, max
= (Fmax - Bmin)/2

Kmin = Across flats clearance per side, min
= (Fmin - Bmax)/2

FIGURE 1 (Continued)
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