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Technical Report
BSI Agilent 02-2009

4™ March 2009

Dimension and Material tests on SCREW-
MACHINE W/CREST-CUP-CON-WSHR PAN-
HD TORX-T10 M3X0.5 25MM-LG SST-300
PASS

Situation:

Customer face application problem on the screw which broke off during removal of screw after the
assembly process. Bossard to perform assembly tests with the primary objective to determine the
tightening and breaking torques, and perform repeatability test on the screw.

Bossard Enginesring Singapors Apgident Technical Report / 28-11-2008



Screw

1- Definitions:

The Maximum Tightening Torque and the BreakingTorque are defined as follows:

Maximum Tightening Torque, Td:

The maximum torque applied just prior to the fastener head touching the surface of assembly.
Normally, the junction between first and the second linear portion of the torque curve.
Stripping Torgue, Ts:

The torque beyond which the joint will no longer possess clamp loading due to failure in the
threads or parts.

2 - Material:

Tests were performed with plastic & metal parts provided by customer,

Picture 1 (External View)

Screw to be tighten
into the M3 Nut.

Picture 2 (Internal View)
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Test and Computations:

Tightening & Breaking Torque measurement results.

Repeatability Test with using Torque of 1.08 Nm.

From the established information for the maximum driving torque and the stripping torque, the

Tightening | Breaking
Torque- | Torque - Remarks
Sample | TD (Nm) | TS (Nm)
1 0.14 1.84 Recess Strip
2 0.33 2.14 Screw Broke
Min 0.14 1.84
Max 0.33 2.14
Average 0.24 1.99
Table 1
Mo of
Sample Times Results
Tested
Screw
o . Broke
Screw
4 > Broke
Table 2

Assembly Torque: T,=T; + 0.3 (T.- T, (Nm)

computed assembly torque (Ta) for the M3x0.5 was found to be at 1.08 Nm

Conclusion:

The test assembly torque, Ta is almost equivalent to customer current assembly torque.
Sample 3 and 4 broke after performing repeatability test number of 1 time and 5 times tightening and

loosening respectively.

Discussion/Sugqgestion:

It may due to galling effect which caused the screw broken during loosening the screw. It is
recommended to reduce the driving speed during assembly process.

Final remark:

The above results are based on assembly tests, performed under laboratory conditions.

The results have to be confirmed by the customer under practical assembly conditions.

Bossard Pte Ltd (Singapore)

Baoeserd Engineering Singapors

Apgient Technical Report [ 28-11-2008
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Appendix (Pictures)

Torque Tester on SCREW-MACHINE W/CREST-CUP-CON-WSHR PAN-HD TORX-T10 M3X0.5
25MM-LG SST-300 PASS)

Bossard Engineening Singapore Amglent Technical Aeport [ 28-11-2008 Paps 4




Reading
Sensor

Screw

Test
Piece

Bossard Engineening Singapore

Aglent Technical Heport | 28-11-2008
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Td = 0.14 Nm, Ts =1.84 Nm, Recess Stripped

Hole 2

e 0

Td—0.33Nm. Ts=2.14 Broken
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JAPPL.1

DATE

H, HN, HNL, SCN, WN, WNS, SMTSO, SMLSO & N10

m i ~ SPEC. NO. FTS-101
\w4 PennEngineering®  [reerors [ rev [
JAPPL.3 DATE
REV DATE ECN #
APPL.4 PATE FASTENER TEST SPECIFICATIONS G 4/8/05 05-0760
SUBJECT: Push-Out, Torque-Out, and Proof Load Testing methods for Types H 8/15/05 | 05-1683
S, SS, CLS, CLSS, CLA, SP, SMPS, SL, KF2, KFS2, KFE, KFSE, KFB3, KPS6, J 2/9/07 07-0019

2.0 References: Tooling manufacturing drawing; Bushings, T5014-TB0006, ASTM F606

1.0 Purpose: This specification covers the setups and testing methods for performance evaluation tests of
the subject parts, or any similar parts (i.e., Y and ZZ numbers).

3.0 Process: Where tool numbers for test fixtures are listed in this specification, the revision level effective
at the time of the performance test shall be used. The values obtained in the push-out and torque-out
tests do not indicate axial strength of nut threads, allowable tightening torque, or design loading of an
assembly. They pertain only to the holding strength of the nut in the sheet.

Hardened Support Bushing

FORM #PE-FORM 18 REV: D 10/28/05 ECN 05-2308

PUSH-OUT TEST

Applied Load
(Compression Tester)

Grade 5 or better
Test Strip

of sufficient wall thickness
to withstand compression \ 2T
loads applied. %7 4% (MIN.)
T5014-TB0006 e T
(FOR INTERNAL USE ONLY)

Push-out tests shall be performed from the grip or shank side of the installed fastener. An axial
load shall be applied to the fastener as shown using a hardened test screw, while evenly
supporting the test strip around the fastener. The typical position rate is .25 inches per minute.
Dimensions are identified per PEM® bulletins where “E” = head diameter and “T” (or “L”) = head
height. The push-out force is measured using a force or compression tester with a range that
will cover the expected forces.

Hardened Test Screw/Bolt

/Thickness > dash length

Surface of compression force

measuring gage

SPEC. NO.

FTS-101




SPEC. NO. FTS-101

F!vﬂ’ PennEngineering®  [rezos [ mv |

REV DATE ECN #

FASTENER TEST SPECIFICATIONS

G 4/8/05 05-0760
SUBJECT: Push-Out, Torque-Out, and Proof Load Testing methods for Types H 8/15/05 | 05-1883
S, SS, CLS, CLSS, CLA, SP, SMPS, SL, KF2, KFS2, KFE, KFSE, KFB3, KPS6, J 2/9/07 07-0019

H, HN, HNL, SCN, WN, WNS, SMTSO, SMLSO & N10

TORQUE-OUT TEST

Torque-out tests shall be performed from the shoulder or head side of the installed fastener.
Torque shall be applied to the fastener in the manner illustrated, using a hardened test screw
and washer, while firmly holding the test strip. Test screws should be of sufficient tensile
strength to resist thread stripping. A minimum of two (2) screw threads must extend beyond
the fastener.

Applied Torque

Drier For Applicabke
Torue
Test Strp
(Parent Materin])
HeHd Fim¥ n Washer - Approx 1 to 2 pitches.
a Vie. Thick encugh t© prevent neck of

scew fiom ocontactng threads

Hamlened Test Screw/Bol
Grade 5 or

FORM #PE-FORM 18 REV: D 10/28/05  ECN 05-2308 SPEC. NO. FTS-101
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F!“- i ~ SPEC. NO. FTS-101
\w4 PennEngineering®  [reesors [ rev | 2
REV DATE ECN #
FASTENER TEST SPECIFICATIONS G 4/8/05 05-0760
SUBJECT: Push-Out, Torque-Out, and Proof Load Testing methods for Types H 8/15/05 | 05-1883
S, SS, CLS, CLSS, CLA, SP, SMPS, SL, KF2, KFS2, KFE, KFSE, KFB3, KPS6, J 2/9/07 07-0019
H, HN, HNL, SCN, WN, WNS, SMTSO, SMLSO & N10

PROOF LOAD / THREAD STRENGTH TESTING METHOD

Proof load / thread strength testing shall be performed in the manner illustrated. The nut will be
screwed onto a hardened test screw until a minimum of two (2) threads appears on the far side
of the nut. The nut will be placed on a hardened bushing. An axial load shall be applied to the
test screw as shown while evenly supporting the fastener. The typical rate of applied load is .25
inches per minute. (For a proof load, the applicable pressure shall be held for the designated
th testing, the pressure shall be applied until failure occurs.
bulletins where “T” (or “L”) = head height.

time as required.) For thread stren
Dimensions are identified per PEM

Thread tensile strength (Ibs/in®) = Thread strength (Ibs.) / Thread tensile stress area (inzzg

(N/mm?)

[UTM]

(N) (mm

[Machinery’s Handbook]

D = Thread Major + 0.009 to 0.015 in. (+.23 to .38 mm)

Source: Machinery’s Handbook

FORM #PE-FORM 18 REV: D 10/28/05

Hardened Support Bushing
of sufficient wall thickness
to withstand compression
loads applied.
T5014-TB0O0OB

(FOR INTERNAL USE ONLY)

ECN 05-2308

S

Thread Tensile Stress Thread Tensile Stress
area in’. area mm->.
256 .00370 M2.5 x 0.45 3.39
348 .00487 M3 x 0.5 5.03
440 .00604 M3.5x 0.6 3.78
632 .00909 M4 x 0.7 8.78
832 .0140 M5 x 0.8 14.2
1024 .0175 M6 x 1 20.1
1032 .0200 M8 x 1.25 36.6
1224 .0242 M10 x 1.5 58.0
1228 .0258 M12 x 1.75 84.3
0420 .0318 M14 x 2 115
0428 .0364
0518 .0524
0524 .0580
0616 .0775
0624 .0878
0714 .106
0720 119 Applied Load
0813 142 (Compression Tester)
0820 .160
Hardened Test Screw/Bolt

/Grdde 5 or better

‘I‘

2T
(MIN.)

ST J

/bSurche of compression force
measuring gage

SPEC. NO.

FTS-101




m i ~ SPEC. NO. FTS-101
\w4 PennEngineering®  [reesors [ rev [ 2
REV DATE ECN #
FASTENER TEST SPECIFICATIONS G 4/8/05 05-0760
SUBJECT: Push-Out, Torque-Out, and Proof Load Testing methods for Types H 8/15/05 | 05-1883
S, SS, CLS, CLSS, CLA, SP, SMPS, SL, KF2, KFS2, KFE, KFSE, KFB3, KPS6, J 2/9/07 07-0019
H, HN, HNL, SCN, WN, WNS, SMTSO, SMLSO & N10

FORM #PE-FORM 18 REV: D

10/28/05

ECN 05-2308

FTS-101 BUSHINGS (FOR INTERNAL USE ONLY)
PUSH-OUT
Dwg. T5014-TB0006 Dwg. T5014-TB0006 Dwg. T5014-TB0006
Thread Tool Number Thread Tool Number Thread Tool Number
CLA S, SS, CLS, CLSS, SP, SL KFE, KFSE, KFB3, KF2, KFS2,
256 T5014-036766 256 T5014-036766 KPS6, SMTSO, SMLSO
440 T5014-036766 348 T5014-036766 256 T5014-070472
632 T5014-036768 440 T5014-036766 440 T5014-070472
832 T5014-036771 632 T5014-036768 632 T5014-036768
024 T5014-036776 832 T5014-036771 832 T5014-036774
032 T5014-036776 024 T5014-036774 M2 T5014-070472
0420 T5014-036779 032 T5014-036774 M2.5 T5014-070472
0428 T5014-036779 1224 T5014-036776 M3 T5014-070472
M2 T5014-036766 0420 T5014-036779 M4 T5014-036774
M2.5 T5014-036766 0428 T5014-036779 116 T5014-036763
M3 T5014-036766 0518 T5014-036781 143 T5014-036768
M3.5 T5014-036768 0524 T5014-036781 169 T5014-036774
M4 T5014-036771 0616 T5014-036782 3.6 T5014-036768
M5 T5014-036776 0624 T5014-036782 4.2 T5014-036774
M6 T5014-036778 0714 T5014-036785
N10 0720 T5014-036785 H, HN, HNL
440 T5014-036768 0813 T5014-036786 0420 T5014-036781
632 T5014-036771 0820 T5014-036786 0428 T5014-036781
832 T5014-036774 M2 T5014-036766 0518 T5014-036783
024 T5014-036776 M2.5 T5014-036766 0524 T5014-036783
032 T5014-036776 M3 T5014-036766 0616 T5014-070261
0420 T5014-036781 M3.5 T5014-036768 0624 T5014-070261
M3 T5014-036768 M4 T5014-036771 M6 T5014-036781
M3.5 T5014-036774 M5 T5014-036774 M8 T5014-036783
M4 T5014-036774 M6 T5014-036779 M10 T5014-070261
M5 T5014-036776 M8 T5014-036781
M10 T5014-036785 SMPS
M12 T5014-036786 | 256,440 | T5014-070472
WN, WNS M2.5, M3 | T5014-070472
256 T5014-036771 M2.5 T5014-036771 |632, M3.5| T5014-036766
440 T5014-036771 M3 T5014-036771
632 T5014-036774 M3.5 T5014-036776
832 T5014-036776 M4 T5014-036776
024 T5014-036779 M5 T5014-036779
032 T5014-036779 M6 T5014-070259
1224 T5014-070259 M8 T5014-036783
0420 T5014-070259 M10 T5014-070261
0428 T5014-070259
SPEC. NO. FTS-101




m i ~ SPEC. NO. FTS-101
\w4 PennEngineering®  [reesors [ rev [ 2
REV DATE ECN #
FASTENER TEST SPECIFICATIONS G 4/8/05 05-0760
SUBJECT: Push-Out, Torque-Out, and Proof Load Testing methods for Types H 8/15/05 | 05-1883
S, SS, CLS, CLSS, CLA, SP, SMPS, SL, KF2, KFS2, KFE, KFSE, KFB3, KPS6, J 2/9/07 07-0019
H, HN, HNL, SCN, WN, WNS, SMTSO, SMLSO & N10

FORM #PE-FORM 18 REV: D

10/28/05

ECN 05-2308

FTS-101 BUSHINGS (FOR INTERNAL USE ONLY)
PUSH-OUT
Dwg. T5014-TB0006 Dwg. T5014-TB0006 Dwg. T5014-TB0006
Thread Tool Number Thread Tool Number Thread Tool Number
SCN
632 T5014-070478
832 T5014-070479
032 T5014-036780
0420 T5014-072732
0518 T5014-048073
M3.5 T5014-036770
M4 T5014-036776
M5 T5014-070483
M6 T5014-072184
M8 T5014-036785
SPEC. NO. FTS-101
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How to Stop Thread Galling
on Stainless Fasteners

A few times each year we receive calls
from fastener suppliers who are in conflict
with their customer over the quality of
stainless steel bolts and nuts. The cus-
tomer’s complaint is that during installa-
tion the bolts are twisting off and/or the
bolt’s threads are seizing to the nut’s
thread. The frustration of the supplier is
that all required inspections of the fasten-
ers indicate they are acceptable, but the
fact remains that they are not working.

This problem is called “thread galling.”
According to the Industrial Fastener Insti-
tute’s 6th Edition Standards Book (page
B-28),

“Thread galling seems to be the most
prevalent with fasteners made of stain-
less steel, aluminum, titanium, and
other alloys which self-generate an
oxide surface film for corrosion protec-
tion. During fastener tightening, as
pressure builds between the contacting
and sliding, thread surfaces, protective
oxides are broken, possibly wiped off,
and interface metal high points shear or
lock together. This cumulative clog-
ging-shearing-locking action causes
increasing adhesion. In the extreme,
galling leads to seizing — the actual
freezing together of the threads. If right-
ening is continued, the fastener can be
twisted off or its threads ripped out.”

Carpenter Technologies, the fastener
industry’s largest supplier of stainless
steel raw material, refers to this type of
galling in their technical guide as “cold
welding.” Anyone who has seen a bolt and
nut with this problem understands the
graphic nature of this description.

The IFI and Carpenter Technologies
give three suggestions for dealing with the

By Joe Greenslade

Fortunately, stainless
steel bolt and nut
galling problems do
not occur everyday,
but when they do it
usually creates a
customer crisis.

problem of thread galling in the use of
stainless steel fasteners:

* Slowing down the installation RPM
speed wil} frequently reduce, or some-
times solve completely, the probiem. As
the installation RPM increases, the heat
generated during tightening increases.
As the heat increases, so does the ten-
dency for the occurrence of thread
galling.

» Lubricating the internal and/or external
threads frequently eliminates thread
galling. The suggested lubricants should
centain substantial amounts of molybde-
num disulfide (moly), graphite, mica, or
talc. Some proprietary, extreme pres-
sure, waxes may also be effective. You
must be aware of the end use of the fas-
teners before settling on a lubricant.
Stainless steel is frequently used in food
related applications which may make
some lubricants unacceptable. Lubri-
cants can be applied at the point of
assembly or pre-applied as a batch pro-
cess similar to plating. Several chemical
companies offer anti-galling lubricants.

One such source, EM Corporation, sug-
gests their Permaslik® RAC product for
use at the point of assembly. They sug-
gest Everlube® 620C for batch,
pre-applying to stainless steel fasteners.

* Using different stainless alloy grades for
the bolt and the nut reduces galling. The
key here is the mating of materials hav-
ing different hardnesses. If one of the
components is 316 and the other is 304
they are less likely to gall than if they
are both of the same alloy grade. This is
because the different alloys work harden
at different rates.

Another factor affecting thread galling
in stainless steel fastener applications is
thread roughness. The rougher the thread
flanks, the greater the likelihood galling
will occur. In an application where the
bolt is galling with the internal thread, the
bolt is usually presumed to be at fault,
because it is the breaking component.
Generally, it is the internal thread that is
causing the problem instead of the bolt.
This is because most bolt threads are
smoother than most nut threads. Bolt
threads are generally rolled, therefore,
their thread flanks are relatively smooth.
Internal threads are always cut, producing
rougher thread flanks than those of the
bolts they are mating with. The reason
galling problems are inconsistent is proba-
bly due largely to the inconsistencies in
the tapping operation. Rougher than nor-
mal internal threads may be the result of
the use of dull taps or the tapping may
have been done at an inappropriately high
RPM.

Fortunately, stainless steel bolt and nut
galling problems do not occur everyday,

Continued on page 17

Joe Greenslade is President of Greenslade and
Company, Inc. located in Rockford, Hilinois. His firm
specializes in providing manufacturing tooling and
inspection equipment to suppliers of screws, bolts, riv-
ets, and nuts throughout the world,

Joe is an inventor, author, and lecturer. He holds
eleven U.S. Patents, has written over 80 technical arti-
cles for industrial trade journals, and has spoken fre-
quently at trade association meetings and technical
conferences on issues related to industrial quality for

the past ten years.

He is an Associate Member of the Industrial Fasten-
er Institute and a member of the American Society of
Mechanical Engineers Bl Thread Specification Com-
mittee. In 1992, Joe was recognized for his technical
and innovative contributions to the fastener industry
when, at age 44, he became the youngest person to be
inducted into the Narional Industrial Fastener Show
“Hall of Fame.”
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Thread Galling

(Continued from page 7)

but when they do it usually creates a cus-
tomer crisis. Knowledge of why this
occurs and how to remedy it can save the
supplier much grief and many headaches.

Here are some questions that should be
asked and the suggestions that should be
made immediately when you are confront-
ed with a customer’s complaint about
thread galling:

1. Are you using the same driver RPM you
have used in the past to install these stain-
less fasteners?

If they say they are driving them faster
than in the past or if they say this is a new
application, suggest they immediately try
slowing the driver RPM and see if the
problem goes away. In general, a stainless
bolt of a given size should be driven slow-
er than a steel bolt of the same size.

2. Are the bolts andior internal threads
lubricated?

If they say, “no,” suggest they try lubri-

When thread galling
occurs in stainless
steel bolt and nut
applications, do not
panic.

cating the bolts and/ or internal threads
with one of the lubricants listed earlier in
the article. If this eliminates the galling,
you might want to batch lubricate the
remainder of the order to eliminate the
extra work of applying lubricant at the
point of assembly.

In applications where galling is a repeti-
tive problem, it is advisable to supply the
fasteners with pre-applied lubrication to
eliminate future problems,

3. Are you using the same grade of stain-

less steel for the bolts and nuts?

If the answer is, “yes,” you can suggest
changing one or the other to a different
grade.

Be sure the suggested grade meets their
corrosion needs and changing the material
does not cause a procurement preblem.

When thread galling occurs in stainless
steel bolt and nut applications, do not
panic. Try the suggestions-listed; one or a
combination of these will probably
resolve the problem immediately. O

NEW ADDRESS!

Greenslade & Company
2234 Wenneca Street
Fort Worth, TX 76102
817-870-8888, 817-870-9199 Fax
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New Compound Overcomes
Stainless Bolt and Nut Thread Galling

Several times each year | receive cals from suppliers who have sold stainless
steel bolts and nuts to a customer who is encountering thread galling problems
during assembly at the time of their call. Stainless steel fastener users usually
jump to the conclusion that the bolt threads are out of specification. Evaluation
of the bolt and nut threads usually indicate that the threads are within
specification and that is not the root cause of the problem.

For reasons not completely understood, some stainless steel bolts and nuts gall
and seize in the threads while being assembled, even before the bearing
surfaces come in contact with the assembly components. It is felt by many that
thread roughness on either or both the internal and external thread is at least
one of the factors contributing to thread galling.

Several years ago | wrote an article about this subject and stated that there are
three possible solutions to stainless steel thread galling:

1. Add a lubricant to the bolt.

2. Slow the driver speed if the fasteners are being installed with a
power driver.

3. Mismatch the grades of stainless (make the bolts of 302 stainless
and the nuts of 316 stainless) if possible.

All of these are still valid suggestions, but none of them is a full-proof solution.
Those having a galling problem might have to try all three approaches to find the
one that resolves their particular situation. The addition of some type of
lubricant is probably the most commonly utilized solution.

Since writing the previous article on the subject of stainless steel thread galling,

| have continued to seek even more dependable solutions to suggest for solving
this troublesome problem. Recently a supplier told me of a new anti-galling
compound he had tried that provided some amazing results. | was told that this
compound could be put on severely nicked stainless bolts threads and that a nut
of the same grade of stainless could be completely assembled on to the bolt
without thread seizing and galling.

| like to verify performance claims for myself before passing the information on
to others. In this case, | obtained some of the anti-galling compound directly
from the compound manufacturer and conducted my own test. The pictures in
this article are a record of my test.

Page 1 of 3
Exclusive Article for the American Fastener Journal by Joe Greenslade, October 18, 2002



Stainless steel bolt with intentionally damaged threads.

The threads of a 1/2-13 302 stainless steel bolt were severely damaged by
striking them repeatedly with a hammer. It was reasonable to assume that a
302 stainless steel nut would not go onthis bolt without completely seizing on
the bolt's thread due to thread galling.

Anti-galling compound placed on bolt’s end threads.

Page 2 of 3
Exclusive Article for the American Fastener Journal by Joe Greenslade, October 18, 2002




Nut goes entire length of bolt thread without seizing.

The compound was rubbed on the last three to five threads of the bolt’s point
end and the nut was started onthe bolt. As would be expected, as soon as the
nut encountered the bolt’s thread nicks the torque required to rotate the nut
immediately increased. What was not expected was that the nut could be
screwed the full length of the bolt thread without the threads seizing together as
a result of galling.

I would never suggest that a user try to use bolts with threads as severely
damaged as those in my test. Based on these test results, | believe this
compound can probably provide an effective solution to many, if not all, of the
routinely occurring stainless steel thread galling problems.

Fastener suppliers who regularly supply stainless steel threaded fasteners
should obtain some of this compound and conduct this simple, but dramatic test
themselves. If they find the same results | did, they should consider keeping
some of this material available for their customers whe n galling problems occur.

The anti-galling compound used in this test is called “Fastorqg® A/G”. This anti-
galling compound is manufactured by Fastorg® Bolting Systems. Those
wanting more information can contact Fastorq® at 800-231-1075 or go to their
web sight at www.fastorg.com. .
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