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Torque-Tension Tightening for Inch Series Fasteners
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Explanation of Tightening Terms

Torque is the product of force x lever arm length.

components

to tightening, expressed in in-oz, in-lb, and ft-Ib.

It is the moment resistance of the fastener and its

Turn Screw or Bolt and Turn Nut Terms describe which mating part is tightened. For turn screw, the head
of the screw or bolt is turned against a panel into either a panel with a tapped thread or separate nut

component.

For turn nut, the nut is threaded onto a screw or bolt and is tightened against the panel surface.
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steel or hard alloy fasteners have a harder slippery surface reducing friction and thereby requiring
lower tightening torque.

Iso affect torque

pearing surfaces

Decreased friction due to the nature of the coating including oil, wax, teflon, or other lubricants will reduce
required torque.

Interferences due to dirt, rust, burrs and galling, or seizing caused by soft coatings (zinc is an example) on

fasteners,

Hardness

mating parts, and panels increases required torque.

of the fastener, its mating part, or the joint material will reduce required torque.

Temperature contraction, especially if the assembly tightening was made while warm, will reduce clamping
load. If the fastener is at a higher temperature than the assembly, then the clamping load increases upon
cooling. Adjustments to assembly torque must accommodate these conditions.
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4.3.6  Humidity will cause reduced friction reducing required torque.

4.3.7 Joint relaxation can occur if joint material can deform under load and/or time. In such cases, special torque
sequencing may be required.

4.4 Wrenching—The method of tightening has a profound influence on required torque.

4.4.1 The slow deliberate turning by hand wrenching allows the assembly to settle somewhat during tightening
thus negating some of the effects of joint relaxation.

4.4.2 High air pressure or electric power tool fastener tightening involving rotation contribute to lower torque. The
use of inefts ens-theaffectof statie-fretion—but-ecarinrereasetorsionaHoadingofboltsey screws.

5. Torque Marlagement—To determine how much hand or power tool torque should be_applied to a fastener
assembly or how much turn-of-the-nut tightening is required, consideration must be [directed to the
development of these methods.

5.1 Theoretical|Calculations to Obtain Torque Guide
5.1.1 EMPIRICAL|EQUATION
T = KDW (Eq. 1)
where:
T= Torgpe (in-Ib, ft-Ib)
D= Screw or bolt nominal size (in)

W= Scrgw or bolt tension (Ib-0z)
K= Torgpe factor

5.1.2 The tensign of the screw or bolt is calculated by multiplying the usable screw or bolt tensil¢ strength by the
tensile-strgss core area of the screw-orbolt. The nominal clamp load stress is assumed jas 75% of proof
load.

5.1.3 The torqug factor is the critical parameter in Equation 1 influenced primarily by the frictional|conditions along
the thread|flank and at the bearing surfaces.

The other jnfluence on{'K" is the relative resiliency of the fastener and joint material.

a. Therefore:
K= K;+K,+Kj (Eq. 2)

whele:

K, represents the torque factor wasted by friction on the bearing surface of the nut or bolt,
approximately 50% of the total torque factor.

K, factor represents the wasted friction on the contact flanks of the threads, about 40% of the total “K".
K5 factor represents the useful torque producing the bolt tension, about 10% of the total “K”.

b. Kis 0.15/0.20 when bolts, nuts, and washers of the fastener joint are clean and coated with a thin film
of protective oil. When dirt, rust, and other defects of field storage and environmental exposure are
present, K can be 0.25/0.40. Refer to Table 1 for torque K factors for other conditions.
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TABLE 1—TORQUE FACTORS FOR SURFACE
CONDITIONS OF MATING FASTENERS
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Mating Parts K
Dry, clean with thin film of ol 0.15/0.20
Additional lubricating coatings of olil,
wax, or dissimilar plating or hard washer 0.10/0.15
Thread and head bearing surfaces
covered with high-performance lubri- can be as
cants or with anti-seize compounds low as 0.05
Combinations of certain materials such as
Austenite stainless steel screws/bolts can be as
and parts not lubricated or coated high as 0.35

and torque calculations based on the aforementioned formula for dry
e tabulated in Table 2.

Nut Method—The previous sections dwelled on tightehing torque to produce c
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Average the twelve individual torques. Then apply 85% safety factor and repeat the previous with a new set
of twelve fasteners until no failures occur.

Retest a new set of fasteners on the assemblies utilizing the design factor established torque to confirm

installation

is satisfactory or make minor adjustments until it is so.
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