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Lesson Objectives  
ÅIntroduction  

ÅDefinition and Examples of Torque  

ÅConversion Formulas 

ÅTorque Calibration Traceability Standard 

ÅTypes of Torque Standards  

ÅASTM E2428 BS7882 

ÅAccuracy and Precision 

ÅPerformance and Uncertainty 

ÅPotential Measurement Errors 

ÅWhat is involved in building a Primary Torque Standard 

SECTION 2 IN CLASS DEMONSTRATION ONLY (NOT ON WEB) 

ÅTorque Wrench types 

ÅProper Handling techniques 

ÅTorque Wrench Demonstration 
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Company History 
ÅмфнлΩǎ ς Morehouse  and the U.S. Bureau of Standards started to design 

and refine force calibration products (Proving Rings) for the purpose of  
generating an accurate force for Brinell Hardness Testing.  
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Pictured above:  Morehouse Brinell Proving Ring S/N 14 Calibrated by U.S. Bureau 

of Standards test # 47197 May 24, 1926 (86 years ago!) 



È Morehouse Proving Ring S/N 14 Calibrated in 1926 and the last 
calibration we have on record is July 25, 1984.  In 58 years there was a 
shift of .012% at capacity.  
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Company History 

ÅмфолΩǎ ς The Morehouse Proving Ring was refined and used to calibrate 
Material Testing Machines. 

 

ÅмфрлΩǎ ς Morehouse developed products for commercial industry 
including, Force Gauges, Morehouse Universal Calibrating Machines and 
Morehouse Dead Weight Primary Standards for calibration of load cells, 
proving rings etc..,    
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Company History 

Å 2004 ς Morehouse becomes the first accredited commercial calibration 
laboratory to offer dead weight primary standards calibrations accurate 
to 0.002% of applied force up to 120,000 LBF 

 

Å 2009 ς Morehouse expands force calibration range offering ASTM E74 
calibrations up to 2,250,000 LBF in compression and 1,200,000 LBF in 
tension.   

  

 

6 



Company History 
Å 2010 - Morehouse finishes construction of new torque calibration 

laboratory.  This calibration laboratory features a primary torque 
calibration standard accurate to 0.002% of applied torque.  This 
standard was acquired from  the National Physical Laboratory in England 
which is a National Metrology Institute.     

 

Å 2011 Morehouse becomes A2LA Accredited for Torque Calibration 
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Calibration Lab Pictures  
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General Information 
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The Importance of Torque Control 
 

ÅThe object of a threaded fastener is to clamp parts together with a tension 
greater than the external forces tending to separate them.   

ÅWhen the bolt is torqued properly it remains under constant stress and is 
immune from fatigue.   
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The Importance of Torque Control 
 

È If the torque is not applied properly and the tension on the bolt torque 
is too low, varying loads will act upon the bolt and it will fail.  
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The Importance of Torque Control 
Honda Recalling 50,000 Vehicles  

http://www.manufacturing.net   July 25,2011 

ÅTOKYO (Kyodo) -- Honda Motor Co. said Monday it will recall a combined 
50,122 units in the Stream minivan, the Civic sedan and the Crossroad sport 
utility vehicle to repair their bolts that fix the water pump pulley to the 
engine, free of charge. 

ÅIn a report filed with the Ministry of Land, Infrastructure, Transport and 
Tourism, Honda said the engines of the vehicles, made between July 2008 and 
July 2010, may stall due to the defect. 

ÅThe automaker said it will also implement a recall for the models in overseas 
markets, including Latin America and Europe, where a total of 150,000 units 
were marketed. 

ÅThe ministry said the bolts may lose tension or fracture, causing the drive belt 
which runs both the alternator and the water pump to circulate coolant water 
to come off the pulley. 
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The Importance of Torque Control 
 

È If the tension is too high, the tightening process may cause bolt failure.  

 

 

 

 

 

 

 

 

 

 

Pictured Above: Metal snap from Jeff bƛƘŜƭΩǎ dragster, apparently the bolts on 
the left  exhaust manifold were over-ǘƻǊǉǳŜŘΧ ōƻƭǘǎ ǘƘŜƴ ŦŀƛƭŜŘΣ ƳŀƴƛŦƻƭŘ 
popped off and 4000bhp of exhaust gas launches the car in the air at over 
200mph!   
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The Importance of Torque Control 
 

 

 

È Imagine if one of the one hundred and fifty plus car engine bolts is under-
torqued, it loosens overtime and eventually destroys the engine. What if the 
bolts are under-torqued in an airplane assembly and become loose in mid-
flight?   

 

ÈFastener reliability depends on controlling the 
tightening torque. 

 
È Other engineering factors such as fastener material, design, 

pitch & surface finish may also influence the tightening torque.  
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Torque 
Is derived and traceable to SI units of length,  mass,  and time. 

 
 

Å The meter is the length of the path travelled by light in vacuum during 
a time interval of 1/299 792 458 of a second.  

Å The kilogram is the unit of mass; it is equal to the mass of the 
international prototype of the kilogram. 

Å The second is the duration of 9 192 631 770 periods of the radiation 
corresponding to the transition between the two hyperfine levels of 
the ground state of the cesium 133 atom. 
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Torque = Force x Length 

Å CIPM/BIPM defines 1N as the force required to accelerate one kg to one 
meter per second per second in a vacuum.  

 

Å Most torque systems consist of an arm or disc of a known length and a 
set of weights.   
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Torque = Force x Length 

ÅLocal Gravity - Determination of gravity must be done at the site 
performing the calibration and the elevation of each weight should be 
considered.  (Varies by up to .2% across the U.S.)  

ÅMaterial Density - Knowing the density of the material  from which  the 
weights were manufactured.  

ÅBuoyancy ς the Archimedes principle applies, ie. air pressure under the 
weights causes an upwards force. This reduces the effective force 
generated by the weights and therefore the mass must be increased to 
allow for this. (When used in air the correction is approximately 0.015%) 

 

 

 

 

21 



Definition of Torque 

ÅTorque, also called moment or moment of force is the tendency of a force 
to rotate an object about an axis, fulcrum, or pivot. Just as a force is a 
push or a pull, a torque can be thought of as a twist. 

 

ÅTorque (BS 7882 definition)- product of tangential force and length 
applied about a known center of rotation 
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Definition of Torque 

 

ÅLoosely speaking, torque is a measure of the turning force on an object 
such as a bolt or a flywheel. For example, pushing or pulling the handle of 
a wrench connected to a nut or bolt produces a torque (turning force) that 
loosens or tightens the nut or bolt. 
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Examples of Torque 
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Examples of Torque (cont) 
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Torque = Force x Length 

ÅExample 1: Distance = 1m.    Force = 2000 N,  Torque = 2000 N-m  

 

ÅExample 2: Distance = 2m.    Force = 1000 N,  Torque = 2000 N-m  

 

ÅExample 3: Distance = 1 ft.    Force = 1000 LBF,  Torque = 1000 FT-lbf.  

 

ÅExample 3: Distance = 5 ft.   Force = 200 LBF,  Torque = 1000 FT-lbf.  
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Force Conversion Factors 
 newton (N) to LBF = MULTIPLY BY  .2248089431 

newton (N) to KGF = MULTIPLY BY  .1019716212978 

newton (N) to ozf = MULTIPLY BY 3.59694309 

 

lbf to newton (N) = MULTIPLY BY 4.4482216152605 

lbf to KGF = MULTIPLY BY .45359237 

lbf to ozf  = MULTIPLY BY .0625 

 

kgf to lbf = MULTIPLY BY 2.20462262 

kgf to newton (N) = MULTIPLY BY 9.80665 

Kgf to ozf = MULTIPLY BY 35.27396 

 

ozf to newton (N) = MULTIPLY BY 0.2780139 

ozf to lbf = MULTIPLY BY 16 

Ozf to kgf = MULTIPLY BY 0.0283495231 
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Length Conversion Factors 
 

METER (m) to FEET (ft) = MULTIPLY BY  3.2808399 

METER (m) to INCHES (in) = MULTIPLY BY 39.3700787  

 

FEET (ft) to METERS (m) = MULTIPLY BY  0.3048 

FEET (ft) to INCHES (in) = MULTIPLY BY 0.0833333333 

 

INCHES (in) to FEET (ft)= MULTIPLY BY 12 

INCHES (in) to METERS (m) = MULTIPLY BY 0.0254  
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Torque Conversion Formulas 
 

Force  1N = .2248089431 lbf         Length 1m = 3.280839895 ft  

 

È 1 N-m = .2248089431 x 3.280839895 = .7375621489 FT-lbf 
 

Force  1N = .2248089431 lbf         Length 1m = 39.3700787  in  

 

È 1 N-m = .2248089431 x   39.3700787= 8.50745782 in-lbf 
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