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ABSTRACT

The work reported here was conducted to address issues raised regarding mechanical
testing of attachment screws described in SAND2005-6036, as well as to increase the
understanding of screw behavior through additional testing. Efforts were made to evaluate
fixture modifications and address issues of interest, including: fabrication of 45° test
fixtures, measurement of the frictional load from the angled fixture guide, employment of
electromechanical displacement transducers, development of a single-shear test, and study
the affect of thread start orientation on single-shear behavior. A286 and 302HQ, #10-32
socket-head cap screws were tested having orientations with respect to the primary loading
axis of 0°, 45°, 60°, 75° and 90° at stroke speeds 0.001 and 10 in/sec. The frictional load
resulting from the angled screw fixture guide was insignificant. Load-displacement curves
of A286 screws did not show a minimum value in displacement to failure (DTF) for 60°
shear tests. Tests of 302HQ screws did not produce a consistent trend in DTF with load
angle. The effect of displacement rate on DTF became larger as shear angle increased for
both A286 and 302HQ screws.
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1. Background

The work detailed in this report is a follow-up to the series of experiments presented in
SAND2005-6036 "Deformation and Failure Behavior of Attachment Screws for the W80
WES Housing" [1]. Those experiments were conducted as part of the ASC VV-4.1 FY04
abnormal mechanical milestones predictions and analysis to quantify the failure mechanics
of select machine screws used in the W80-3%). Screws were tested in loading orientations
from straight tension (0°) to shear (90°), including 30°, 45°, and 60° orientations. The
work reported here was conducted to address issues raised regarding the milestone
experiments, as well as to increase the understanding of screw behavior through additional
testing.

Experiments were performed that addressed some of the recommendations for further work
which were outlined in [1]. Those experiments included:

e Fabrication and testing of new 45° test fixtures
e Development of a single-shear test
e Testing of #10 screws at 60° and 75° shear

Additional experiments were performed to evaluate fixture modifications and address
issues of interest to the present investigators;

Measure frictional load resulting from the angled screw fixture guide

Compare electromechanical displacement transducers to optical sensors used in
previous work

Develop a single-shear test to compliment the angled shear geometries
Investigate the affect of thread start orientation on single-shear behavior

Because significant effort had been expended during previous work, this work focused on
investigating the areas listed above using two screw materials and two test displacement
rates. The screws were A286 and 302HQ, #10-32 socket-head cap, manufactured by B&B
Specialties. Background on screws manufactured by B&B Specialties is contained in
Appendix A of SAND2005-6036 [1]. Displacement rates were 0.001 in/s and 10 in/s.
Screws were tested having orientations with respect to the primary loading axis of 0°
(tension), 45°, 60°, 75° and 90° (single shear).
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2. Experimental Apparatus and Procedures

2.1. Test Frames

Tension and angled screw tests conducted under a constant displacement rate of .001 in/s
were performed on an MTS 880 servo-hydraulic test frame. Force was measured using a
20 kip load cell, model 380.25, which is integral to the cross head of the frame.

Tests conducted at a displacement rate of 10 in/s were performed on a high-rate MTS
servo-hydraulic test frame having a static load capacity of 20 kip (20x10° pounds). Force
was measured using a Kistler quartz load washer, model 9061, calibrated for a 4000 Ibf
range.

A 100 kip capacity MTS servo-hydraulic load frame was used for single shear tests under
constant displacement rate of .001 in/s. Force was measured using a MTS load cell, model
662.10A-09, with a calibrated range of 10 kip. These tests could have been performed on
the MTS 880, but scheduling made use of the 100 kip frame the logical choice.

Fixture displacements were measured with several devices. The optical sensors used in the
milestone work, MTI-2000 Fotonic made by MTI Instruments, were compared to
differential reluctance transducers (DVRT's), made by Microstrain Inc. The DVRT's were
used for all subsequent tests from 0° to 75° orientations. A laser extensometer, EIR model
LE-01, and the DVRT were used for the single-shear tests at .001 in/s and 10 in/s
displacement rate, respectively.

The measurement precision of this work was established by load and displacement
transducers calibrated in accordance with industry standards using measurement values
traceable to the National Institute of Standards and Technology (NIST). Load
measurements for tests run at displacement rates of .001 in/s were taken directly from MTS
load cells calibrated in accordance with ASTM E4-03. Typical error recorded at the time of
calibration is less than 0.25% of reading, with an uncertainty of +£0.25% for a confidence
level of 95%. The force washer used for tests run at displacement rates of 10 in/s was
calibrated at the time of use in accordance with ASTM E4-03 by comparing the force
washer and charge amplifier system output to a calibrated MTS 20 kip load cell. The
DVRT displacement sensors were calibrated at time of use by comparing the DVRT and
signal conditioner system output to a displacement standard calibrated by Lockheed Martin
Calibration Services in accordance with ANSI/NCSL Z540-1-1994. The EIR laser
extensometer was calibrated at time of use by comparing the unit output to a LVDT
integral to the load frame and calibrated in accordance with MTS Procedure FS-CA 2104
Rev. E. Calibration constants were determined from time of use calibration data by curve
fitting. Standard deviation of the difference between the recorded data and the calibration
curve fit varied with the individual sensor system and order of fit, but in all cases was less
than 1% of full scale.
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2.2. Tension Fixture

Tension test fixtures are shown in Figure 2.1. These are the same fixtures as used in the
milestone work, and drawings can be found in [1]. The gage length for a tension test is
defined by the distance between the bottom of the screw head and the first thread engaged
in the thread mount. For this work, the gage length was .200 in, which was maintained by
placing a spacer between the head mount and the thread mount. The .200 in gage length
was determined by the angled shear fixture development that occurred during the milestone
work [1].

DVRT
body

DVRT tip

Figure 2.1 Tension (0°) test fixtures with spacer to set gage length at .200 in.

2.3. Angled shear fixtures

The angled shear fixtures used for this work were developed during the milestone effort.
An angled shear fixture is shown in Figure 2.2, and drawings can be found in [1]. The only
significant difference between the 45°, 60°, and 75° fixtures was the orientation of the
screw and mating face of the two halves. The gage length was maintained at .200 in for all
angles. One of the questions raised concerning this fixture design regarded how much
friction force was generated between the guide and the moving half of the fixture. To
measure the force due to friction, the guide design was modified to carry three load sensors
distributed around the circumference of the guide.

Force link

+— Fiber-optic
probe

Screw shear
plane

<«— Fixture guide

(a) ()

Figure 2.2 Angled shear fixture. (a) Solid model and (b) assembled with force links
to measure frictional force from guide.
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Linear DVRT's were used to check the displacement measurements obtained from the
optical displacement sensors previously employed. Some of the data from the optical
sensors suggested that the two halves of the fixture could rotate slightly during the test.
The rotation was not considered to be a problem in terms of screw behavior, but the
displacement measurement could have been affected since the sensor response can change
if the angle between the probe and reflecting surface varies from the angle used at the time
of calibration. The DVRT's are much less sensitive to changes in angle between the fixture
halves because they have a very small diameter spherical tip that contacts the moving half
of the fixture. The DVRT's were placed in the same bores designed for the optical sensors,
as shown in Figure 2.3.

(a)

Figure 2.3 Placement of DVRT's in an angled shear fixture. (a) DVRT, (b) spherical
tips extending from bore in the fixture.

2.4. Single shear fixture

The double-shear tests used in the milestone work had several features that were
inconsistent with the angled shear tests. The gage length was defined between two shear
planes, and was not maintained at .200 in. The screw was not threaded into a mating half
of the fixture, which in some cases allowed more bending to take place than would have if
the restraint of a threaded section were present. The lack of threads in the double-shear
fixture also meant that the rotational orientation of the screw was not constant relative to
the loading axis. Some of the double-shear test data contained scatter which suggested that
the rotational orientation could affect the result. A single-shear test was developed to
address these points.

Fixtures for the single shear test are shown in Figure 2.4. A commercial fixture, the
Modified Wyoming shear fixture [3, 4] which is a variation of that developed by losipescu
[5], was used to grip two blocks joined by a test screw. One of the blocks contained a
threaded hole and the other was drilled with a counter bore to provide a .200 in gage
section, as shown in Figure 2.5. Displacement between the right- and left-hand sides of the
fixture introduced shear in the screw joining the two blocks. Displacement was measured
with a laser extensometer at the .001 in/s rate, and with a DVRT at the 10 in/s rate.
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(a) e

Figure 2.4 Single shear screw fixture. The test screw joins two blocks (a) which are
gripped in a shear fixture (b). The red line in (b) is from the laser
extensometer used to measure displacement between the two halves of
the fixture.

Rotation of the threaded block about the screw axis allowed the affect of thread start
orientation on single-shear behavior to be measured. Because screw failure is localized
near the surface of threaded holes, it is reasonable to expect that the local geometry plays a
role, particularly when a strong shear component is present. In the context of a metal
cutting operation, the threaded block acts like the knife of a metal shear, while the drilled
block provides the reaction force. Rotation of the block results in a different knife
geometry and, consequently, the contact geometry of the screw is different. This type of
study was not possible with the angled shear fixtures because the thread start orientation
was fixed (at random) by the tap used to thread the hole.
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Figure 2.5 Drawing of single-shear blocks showing the threaded half (a) and
counter bore half (b).

2.5. Screws from different manufacturing lots

All screws used in this study were manufactured by B&B Specialties. The A286 and
302HQ screws tested at 0.001 in/s stroke speed were from lot 76403 and 74409,
respectively. The A286 and 302HQ screws tested at 10 in/s were from lot 78681 and 7044,
respectively. Testing showed little variation in behavior between the lots. Results of the
lot-to-lot comparisons are shown in Appendix A. Certification for screws used in this study
can be found in Appendix B.
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3. Results

3.1. Angled shear fixtures: friction force

The two halves of the angled shear fixtures were guided by a sleeve in order to maintain
the intended screw orientation and provide defined boundary conditions for modeling the
tests. Effects of the guide on measured load, displacement, and fracture surface
morphology are shown in Figure 3.1. Clearly, the guide had a strong effect on the test
results. The question, then, regards the origin of those effects. Friction between the guide
and the fixture may have accounted for the increased force. Consequently, the frictional
force was measured for 60° and 75° angled shear tests of 302HQ by joining the guide to
the upper half of the fixture with three small load cells (Figure 2.2). As shown in Figure
3.2, the frictional force was insignificant. The difference in fracture surface orientation
between screws tested with the guide and those tested without the guide indicates that
different failure modes operate with and without the guide. This agrees with arguments
presented in the milestone report [1].

rrrrrrrrrrrr TE8403.T 78403-8
o - {with guide) {no guide)
3000 |- - p=
o T i
C ] i
E L b 1
= 2000 [~ - 1
- L d
b L ~ i
LI : i
1000 | — Guided | -] :
iy ||peeco Not Guided | 1 i
- i
() T BT A 1
0 10 30x10°” |
Displacement [in] 1 ____
(a) (b)

Figure 3.1 (a) Load displacement data for #10-32 A286 screws tested at 45° with
(red) and without (blue) the fixture guide. Stroke speed was 0.0001 in/s
and the screws were preloaded up to 40 in-lb (b). The failure mode of
the screws tested at 45° changes from slanted fracture surfaces with
the guide, to nearly flat fracture surfaces without the guide.

17



2000fFTT YT T T T T T

2000 lIIIIIIIIIIIII]IIIIT
1500 - 1500 |~ =
5 : 5 F ]
o 1000 - '§ 1000 :— -_-_
(o] - A N ]
—l . b~ -
500 = 500 |- -
Frictional force d - Frictional force -
0 0
000 005 010 015 0.20 0.00 0.05 010 0.15
Displacement [in] Displacement [in]
(a) (b)

Figure 3.2 Force due to friction between the guide and the angled shear fixtures
was measured using the force links shown in Figure 2.2. (a) 600 shear,
(b) 750 shear.

3.2. Angled shear fixtures: displacement measurement

Comparison between displacement measurements using optical sensors and DVRT's are
shown in Figure 3.3. Although the difference was insignificant, the DVRT's were used for
the remainder of this work. The displacement data shown in Figure 3.3 are the average
values of the two displacement sensors, which are located opposite each other, 1.00 in
from the fixture center. A look at the individual signals, shown in Figure 3.4, indicates
some rotation between the two halves of the fixture can occur during a test, since the two
displacement traces are not the same. However, using the difference in measured
displacement and the 1.00 in offset from center, the angle of rotation was calculated to be
less than 0.5° at 75° shear.

2500 T T T T [FIT T[T AP [T T T T[T T T T
2000 -
= 1500 -
=

o ]
m -
3 1000 .
—— Fotonics 3
soofF /0 [T Doy -
0 IlllllIIIIItlllIII][IIII—I

0 5 10 15 25x10”

Displacement [in]

Figure 3.3 Load and displacement data of 750 shear test collected using optical
displacement sensors and DVRT's. The displacement is the average of
the two sensor measurements. No significant differences between the
averaged measurements were observed based on the type of
displacement sensor.
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0 1000 2000
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Figure 3.4 Differences in displacement measurements made by the individual

DVRT's (see Figure 2.3). Similar differences were measured with the
optical sensors. The screw was from lot 76403 and tested at 750 shear.

3.3. Single shear: thread start orientation

Test results showing the effect of rotating the threaded block of the single-shear fixture are
shown in Figure 3.5. Each 90° rotation of the block resulted in a different contact
geometry between the screw and the first thread in the block as shown in Figure 3.7, and a
different load-displacement response. Thread start was defined as the location at the
surface of a tapped hole where the thread crown of the screw intersects the surface. The
A286 screws were less sensitive to thread start orientation than the 302HQ screws.

2500 T | L BLELELELE BN 1500 LI N B B I B B L B B
2000 ook - - -
- N . 1000 - -
5 1500 N ) L ]
E ‘E }E ! | —— Reference -
1000 — L 0 -
- —— Reference | 1 ~ 500 90 Lotated —
500 ----- 90"rotated | 3 — - - 180 rotated || ]

] Ve

- - - 180°rotated| 3 \"fi \ -

0 Ll I L1l 1 1 I L1 1 1 ! 1 ] 0 1 L L 1 I 1 1 L L 1‘ ] L 1 Il

0 10 30x10° 0.00 0.05 0.10 0.15
Displacement[in] Displacement [in]
(a) (b)

Figure 3.5 Force-displacement curves from single shear tests of (a) A286 (size 10,
lot 78681) and (b) 302HQ screws (size 10, lot #7044). Assembly of screw
and adapter was rotated to change shear plane.
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The thread start location of angled and single shear fixtures is shown in Figure 3.6.
Because the reference orientation of the single shear fixture has similar location of thread
initiation, results from the reference orientation are compared with angle shear test results.
Figure 3.7 depicts shear failure planes of 302HQ size #10 screws at different orientations.
Tests were stopped before complete failure of the screws and the threaded adapter was
removed before taking photos. It is shown in Figure 3.7 that failure initiation positions
vary from thread root to thread crown under different orientation.

Figure 3.6 The thread start location of angled and single shear fixture for size #10
sScrews.

180°rotated  90° rotated Reference

Figure 3.7 Change of shear failure planes by rotation of threaded block. The screws
are 302HQ size #10 from lot 7044. Images are representative of replicate
tests.
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3.4. A286 screws under various loading conditions

Force-displacement curves of A286 screws (size #10, lot #76403) tested at .001 in/s under
various loading angles are compared in Figure 3.8. Note that the displacement to failure
(DTF), measured either as maximum load or maximum displacement, was larger for the
60° shear tests than for both the 75° shear and 90° shear tests. The milestone work [1]
reported a minimum in DTF values for 60° shear. However, the milestone work employed
a double shear geometry, and did not test screws at 75°.

Force-displacement curves of A286 screws (size #10, lot #78681) tested at 10 in/s rate
under various loading angles are shown in Figure 3.9. There is no minimum in DTF at the
60° shear angle. All DTF values at 10 in/s are smaller than the DTF values for
corresponding angles tested at 0.001 in/s. Figure 3.10 shows the rate effect on force-
displacement data for each load angle.

4000 =
Tension -
0 .
3000 45 shear _:
60 shear 3
= -
= / ]
E =0 / PESSe. 75° shear L
-l e o il
/ 90 shear 5
1000 " -
’ :
l _
o= N
0 10 20 30 40x10

Displacement [in]

Figure 3.8 Comparison of force-displacement curves from various loading
conditions for A286 (#10-32, lot #76403) screws. Stroke speed 0.001
in/sec.
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Figure 3.9 Comparison of force-displacement curves from various loading
conditions for A286 (#10-32, lot #78681) screws. Stroke speed 10 in/sec.
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Figure 3.10 Comparison of force-displacement curves at different stroke speeds

0.001 and 10 in/sec for A286, #10-32 screws. Plots for 0.001 and 10
in/sec are from Figures 3.8 and 3.9, respectively.
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3.5. 302HQ screws under various loading conditions

Force-displacement curves for 302HQ (size #10, lot #74409) screws tested at .001 in/s
under various loading angles are shown in Figure 3.11. In contrast to the A286 tests in
Figure 3.8, there is no monotonic trend in DTF with load angle.
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Figure 3.11 Comparison of force-displacement curves from various loading
conditions for 302HQ (#10-32, lot #74409) screws. Stroke speed 0.001
in/sec.
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Force-displacement curves of 302HQ screws (size #10, lot #7044) tested at 10 in/s rate are
under various loading angles are compared in Figure 3.12. All DTF values at 10 in/s are
smaller than the DTF values for corresponding angles tested at 0.001 in/s. Figure 3.13
shows the rate effect on force-displacement data for each load angle.
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IIIIIIIIlIlIIIIIIlIIIIJ]

1 ] 1 I 1 1 1 1 I 1 L L 1

0 25 50 75 100x10°
Displacement [in]

Figure 3.12 Comparison of force-displacement curves from various loading
conditions for 302HQ (#10-32, lot #7044) screws. Stroke speed 10
in/sec.
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Figure 3.13 Comparison of force-displacement curves at different stroke speeds
0.001 and 10 in/sec for 302HQ, #10-32 screws. Plots for 0.001 and 10
in/sec are from Figures 3.11 and 3.12, respectively.
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4. Summary and Conclusions

Tests of A286 and 302HQ #10-32 socket-head cap screws were completed at 0°
(tension), 45°, 60°, 75°, and 90° (single shear).

Friction force between the guide and moving half of the 60° and 75° angle shear
fixtures was measured with three small load cells. The frictional force was
insignificant compared with total force.

A single shear test was developed that was consistent with the angled shear tests.

The affect of thread start orientation on single-shear behavior was measured by
rotating the threaded block about the screw axis. The A286 screws were less
sensitive to thread start orientation than were the 302HQ screws. The single shear
thread start orientation that was most similar to the orientation of the other fixtures
was used for comparison to the angled shear data.

The minimum in displacement to failure (DTF) reported in the milestone work for
A286 #8-32 screws at 60° was not observed with A286 #10-32 screws using the
new angled shear and single shear fixtures. The DTF values for 75° shear and for
90° single shear tests were less than the DTF for 60°.

The effect of displacement rate on DTF became larger as shear angle increased for
both A286 and 302HQ screws.

Displacement rate effects were larger for 302HQ screws than for A286 screws.
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A.1 Lot-to-lot comparison of A286 #10-32 screws

Appendix A
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Figure A.1 Comparison of A286 screws from lot 76403 with lot 78681 under various
loading conditions. (a) Tension, (b) 450 shear, (c) 600 shear, (d) 750

shear.
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A.2 Lot-to-lot comparison of 302HQ #10-32 screws
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Figure A.2 Comparison of 302HQ screws from lot 74409 with lot 7044 under various
loading conditions. (a) Tension, (b) 600 shear, (c) 750 shear, (d) 900
shear.
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Appendix B

B.1 Certified test report for A286 screws, lot number 76403

B&B SPECIALTIES CERTIFIED Test Report Serial No: 52217
4321 E. La Palma Ave. TEST REPORT Test RepurtDate:. 712412003
Anaheim, CA 92807 CAGE CODE: 62206
NOR-CAL SUPPLY CO. . PO Number: 27374 ; ; MFG Number: 76403

40 DOOLITTLE DRIVE Customer Part No  NAS1351N3-10 REV, 9 Packing Slip No: 244021
~5AN LEANDRO, CA 94577 Cross Ref:

888 Part Number:  A2SHC10320625 Lot Quantty: 53815 STy ippad
Head Description:  SOCKET HEAD CAP Length: .625 {()
Finish: PASSIVATE AMS-QQ-P-35 Thread Form: 10-32 UNF -3A [ bl

Material A286 Specs: AMS 5731, AMS 5732, AMS 5734, AMS 5737  Heat Treat: FF-5-86

RM Heat No: PYT77 Supplier: TECHALLOY COMPANY

C: MN:. P 85 S CR: N: CU: MO: FE: CO: V. AL: Tk B H O Y N 2ZN:

.039 1.72 .01 .001 .1B2 14.8024.49 ,057 1,25 135 .28 .16 2.06 .006

Evaluation Performed Spedification Rasults Tech Rejects/Sample Test Method  Spec Value Test Value
Dimensional Evaluaticn ASME B 18.3 Accept | 11 0/40 )

Fastener Evaluation Mot Regquired N/A 11 )

Hardness FF-S-86 Accept 17 0/13 QP1004 33 - 42 HRC 36 - 38 HRC
Axial Tensile FP-5-86 Accept 14THD 0/13 QP~1006 160,000 MIN. 179,800/184,850
scress Durability Not Required N/A 11

Magnetic Permeability Not Required N/A 3l

Key Characterdstic Specification Test Value Rejects / Sample  Resulls Inspector: Sample Spec:
Socket Go/NoGo - Depth ASME B 18.3 .097/.098 0/40 Accept 1 QaP-1001

Head Diameter (A) ASME B 18.3 +305/.311 0/40 Accept

Head Height (H) ASME B 18.3 .187/.189 0/40 Accept

0/A Length (L) ASME B 18.3 .598/.604 0/40 Accapt

Threads ASME B 1.1 VISUAL 0/40 Accept

Thread Functional ASME B 1.1 .1688/.1692 0/40 Accept

Thread Pitch ASME B 1.1 .1684/.1688 0/40 Accept

Thread Major : ASME B 1.1 -1875/.1890 0/40 Accept

Test Type Hardness Spec Value: 33 -42 HRC Min [ Max: 36- 38 HRC
_3pec: FF-8-86 Sample Siz 013 Technician: 17

Sampla 1 2 & & & & z & & 10 1% 12 13

Aclual  GBHRA  EBHRA  B8HRA  68HRA  69HRA  GBHRA  69HRA  B69HRA  6OHRA  69HRA  69HRA  6GHRA  69HRA
Conv  36HRC  36HRC  J7HRC  37HRC  38HRC  36HRC  3BHRC  37HRC  38HRC  37HRC  38HRC  38HRC  37HRC

Test Tvoe Axial Tensile Spec Value LBS: 3,200 MIN. Sample Size: 0/13 Min / Max PSI:  179,800/184,850
TeslSpec: FF-S5-86 Soec Value PSI: 160,000 MIN. Technician: 14THD Min/ Max LBS  3,596/3.697
Sample L o2 3 & s & 1z B o3 M M 12: 13
Force : 3,663 3,695 3,586 3,601 3,665 3,635 3607 3,647 3,866 3843 3640 3626 e
Tansila 183150 184750 179800 180050 183250 181750 184850 182350 182600 182150 182000 181300 181350
Process Performed Specification Laboralory or Supplier Rejects / Sample Resulls
Heat Treat FF-5-86 MILSPEC HEAT TREATING, INC. ToN/a Accept
Pentrant FF~5-8§ QUALITY CONTROL PLATING 0/500 Aocept
Salt Spray Test AMS-QQ-P-35 QUALITY CONTROL PLATING 0/50 Accept

B&B Speciallies cerlifies that the product samples tested above conform to the latest referenced specificalions listed and the original data is
available for review with sufficient notice. This Certified Test Report can not be reproduced except in full. This Certified Test Report only relates to
the samples of the above lot tested. The estimated uncertainty of scale measurament Is +/- 3%. Our fasteners of size 1 in. and smaller are
manufactured with UNR threads, whether UNR Is specified or not. The product listed above is free of mercury lo the best of our knowledge.

Richard L. Smernoff
Vice President Quality

PRI Lic. No 0083 for ISO/IEC 17025, PRI Lic No 02-0331 for 1ISO 8001:2000 and AS9100 Page 10of 1

Revised 0109-0
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B.2 Certified test rep

ort for A286 screws, lot number 78681

B&B SPECIALTIES CERTIFIED Test Report Serial No: 66580
4321 E. La Palma Ave. TEST REPORT T:GSt Rapo'rt Date 2/4/2005
Anaheim, CA 92807 e ————— CAGE GODE: __@2208
NOR-CAL SUPPLY CO. PO Number: 28171 MFG Number: 738681
840 DOOLITTLE DRIVE Customer PartNo  NAS1351N3-10 REV. 9 Packing Silp No: 37087
AN LEANDRO, CA 94577 Cross Ref:
WBB Part Number:  AZSHC10320625 . Lot Quantity: 52860 QTY Shipped
Head Description: SOCKET HEAD CAP . Length: .625
Finish: PASSIVATE AMS-QQ-P-35 Thread Form:  10-32 UNRF -3A )
Materlal A286 Specs: AMS 5731, AMS 6732, AMS 5734, AMS 5737  Heat Treat: FF-5-86
RM Heat No: 543285 Supplier: CARPENTER TECHNOLOGY PRINADCAP 100004
C: MN: P S: SIt CR: NI CuU: MO: FE: CO: Vi AL T B: H: o Y: N ZN:
.05 .21 .014<.000 .19 13.9424.24 .09 1.21 L1000 .28 16 2.18 .007

Evaluation Performed Spegification Resulls = Tech Relecls/Sample TestMethod  Spec Value Test Value
pimensional Evaluation ASME B 1B.3 Accept - 11 0/40
Fastener Evaluation Not Required N/A Lo .
Hardness FF-S-B6 Accept = 21 b6/13 QP1004 33/42 HRC 36/37 HRC
Axial Tensile HAS1351 hecept 14THD, 0/13 QP-1006 160,000 MIN. 170,300/171,800
Stress Durability Not Required N/A 11 72 Hrs Min
Magnetic Permeability Not Required — N/A 11
Key Characteristic Soecification Test Value Relecls/Sample  Resulls Inspector: Sample Spec:
Socket Go/NoGo ~ bepth ASME B 18.3 .097/.099 0440 Accept 1 QP-1001
Head Diameter (A} ASME B 18.3 .309/.312 0/40 Accept
Head Height (H) ASME B 18.3 .186/.188 0/40 Accept
O/A Length (L) ASME B 18.3 .802/.610 0/40 Accept
Threads ASME B 1.1 VISUAL- 0740 Accept
Thread Functional ASME B 1.1 .1682/.1688 0/40 Accapt
Thread Pitch ASME B 1.1 .16B0/.1687 0/40 Accapt
Thread Major BSME B 1.1 .1842/.1878 0/40 Accapt
Test Type Hardness Spec Value:  33/42 HRC Min/Max:  36/37 HRC
“pec: FF-5-86 Sample Size 013 Technician: 21

—camgle 1t 2 % 4 5 & & & g 1@ i o1& 1
Agtual  6BHRA  6BHRA 6BHRA 68HRA GBHRA 68HRA  G8HRA  69HRA  68HRA 68HRA GBHRA B8HRA  6B8HRA
Conv  36HRC  36HRC 36HRC 37HRC 3HRC  36HRC  36HRC © 37HRC  36HRC  37HRC J6HRC 36HRC  3GHRC
Test Tvpe Axial Tensile SpecValue LBS: 3,200 MIN, Sample Size: 013 Min / Max PSE:  170,300/171,800
TestSpec: NAS1351 Spec Value PSI: 160,000 MIN. Technician: 14THD, Min / Max LBS: 3.406/3,436
Force 3414 3406 M7 3424 3431 340 343 - 3425 3428 3415 3407 3425 3418
Tensie 170700 170300 170850 171200 971550 171000 171800 171250 171400 170750 170350 171250 170900
ErocessPerformed  Spegificalion  Laboratory or Supplier Refecis / Sample  Resulls
Heat Treat FF-5-86 BURBANK STEEL TREATING, INC. N/A Accept

_ Pentrant FF-5-86 STORK (MMA) MATERIALS TESTING & INSPECTION 0/500 Accopt:
Salt Spray Test BMS-0Q-P-35 STORK (MMA) MATERIALS TESTING & INSPECTION 0/50 Accept

B&B Specialties cartifies that the product
avallable for review with sufficient notice.

samples tested above conform to the latest referenced specifications listed and the original data is
This Certified Test Report can not be in full, This Certified Test Report only relates to

reproduced except
the samples of the above lot tested. The estimated uncertainty of scale measurement is +/- 3%. The product listed above Is free of mercury to the

best of our knowledge.
Revision:

Carpenter Technology has thair own m

PRI Lic. No 0063 for ISO/IEC 17025, PRI Lic No 02-0331 for ISO 8001:2000 and AS9100
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&4

elting mill - therefore, parts were melted & manufactured in the USA.

Richard L. Smemwff
Vice President Quality
Page 1 of 1 Revised 0108-03



B.3 Certified test report for 302HQ screws, lot number 74409

B&B SPECIALTIES CERTIFIED Test Report Serial No: 43158
4321 E. La Palma Ave. TEST REPORT Test Report Datei 6/11/2002
Anaheim, CA 92807 e e CAGE CODE: 62206
SAMPLES PO Number: SAMPLES MFG Number: 74409
Customer Part No  M§16996-11 REV. F Packing Slip No: 15625
Cross Ref:
B&B Part Number:  SSSHG10320625 Lot Quantity: 115005 QTY Shipped
Head Description: SOCKET HEAD CAP Length: .625
Finish: PASSIVATE AMS-QQ-P-35 Thread Form:  10-32 UNF -3A R
Material 302 HQ Spec: ASTM A493, UNS30430 Heat Treat: NIA
RM Heat No: 1P858 Supplier: TECHALLOY COMPANY
C: MN: P: 8 S8k CR: N: CU: MO; FE: CO: Vi AL T B: H O Y: N
.017 .63 028 ,001 .32 17,629.63 3.53 .11

Evaluation Performed Spacification Results Tech Rejects/Samole TestMethod  Spec Value Test Value

Dimensional Evaluation ASME B 18.3 Aocept 11 0/40

Fastener Evaluation Not Reguired N/A 19 WI-500-17

Hardness Test FF-5-86 Accept 19 0/13 QP-1004 80 HRB MIN. 93/97 HRB

Axial Tensile FF-3-86 Accept 19 0/13 QP-1006 80,000 MIN. 102,200/104,550
QP-1006

Stress Durability Not Required R/A 11 Qp-1008

Magnetic Permeability MS516996 Accept 11 0/500 Qe-1011

Key Characleristic Spedification Test Value Rejects / Sample  Resulls Inspector: Sample Spec:

Socket Go/NoGo - Depth ASME B 18,3 .100/.101 0/40 Acoept 11 QP-1001

Head Diameter {A) ASME B 18.3 +307/.,311 0/40 Accept

Head Height (H) ASME B 18.3 .186/.189 0/40 Accept

0/a Length (L} ASME B 18.3 .606/.609 0/40 Accept

Threads ASME B 1.1 VISUAL 0/40 Accept

Thread Functional ASME B 1.1 .1686/.1689 0/40 Accept

Thread Pitch ASME B 1.1 .1683/.168% 0/40 Accept

Thread Major ASME B 1.1 +1870/.18%0 0/40 Accept

“est Type Hardness Test Spec Value: 80 HRB MIN. Min / Max: 93/67 HRB

__Spec; FF-S-86 Sample Size 0/13 Technician: 19
Sample iH i & & & & rA & & 10 i i1z kA

Acual  57HRA  BBHRA  BBHRA  59HRA  SOHRA  SOHRA  S9HRA G8HRA  59HRA GBHRA 69HRA  58HRA  58HRA
Conv  93HRB  95HRB  96HRB  96HRB  96HRB  OTHRB  9GHRB 95HRB  9GHRB 95HRB 96HRB  95HRB  96HRB

Test Type Axial Tensile Spec Value LBS: 1,600 MIN. Sample Size: 0/13 Min / Max PSI:  102,200/104,550
TestSpec: FF-S-86 Soec Value PSI: 80,000 MIN. Techniclan: 19 Min/Max LBS: 2.044/2.081
Eorce 2,056 2091 2,084 2,085 2,083 2044 2054 2081 2072 2,066 2,081 2,085 2001
Tensile 102800 104550 103200 103250 104150 102200 102700 104550 103600 103300 104050 103250 104550
Test Type: Spec Value LBS Sample Size Min / Max LBS:

Spec: Results Spec Value PSI: Techniclan: Min / Max PSI:

Pentrant FF-5-86 QUALITY CONTROL PLATING 0/500 Acceapt
Salt Spray Test AMS~QQ~P~35 QUALITY CONTROL PLATING 0/50 Aocept

B&B Specialties certifies that the product samples tested above conform to the latest referenced specifications listed and the original data is
avallable for review with sufficlent notice, This Certified Test Report can not be reproduced except in full, This Certified Test Report only relates to
the samples of the above lot tested. The estimated uncertainty of scale measurement is +/- 3%. Our fasteners of size 1in. and smaller are
manufactured with UNR threads, whether UNR is specified or not. The product listed abave is free of mercury to the best of our knowledae.

Revision: ‘ gg/

The product listed above Is free of marcury to the best of our knowledge.
Richard L. Smemoff

Vice President Quality
PRI Lic. No 0063 for ISO/IEC 17025, PRI Lic No 02-0331 for ISO 8001:2000 and AS9100 Page 1 of 1 Revised 4-24
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