FUNDEMENTALS OF TORQUE
CALIBRATION

The only primary =~ e
torque calibration laboratory
in North America with torque
calibration accuracies of 0.002%
of applied torque from
1N-m to 2kN-m

The primary torque standard now in our
laboratory was developed by the
British National Physical Laboratory where it
was registered with the BIPM as the national
standard for the UK. This primary torque
standard meets the criteria set forth in

ASTM standard E2428 |




Lesson Objectives

Introduction

Definition and Examples of Torque

Conversion Formulas

Torque Calibration Traceabllity Standard

Types of Torque Standards

ASTM E2428 BS7882

Accuracy and Precision

Performance and Uncertainty

Potential Measurement Errors

What is involved in building a Primary Torque Standard
SECTIORIIN CLASS DEMONSTRATION ONLY (NOT ON WEB)

Torque Wrench types

Proper Handling techniques

Torque Wrench Demonstration



Company History
M b H qiMdeehouse 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.

Sty R . g
B Burean of Standards
4 Certificate

Pictured above: Morehouse Brinell Proving Ring S/N 14 Calibrated by U.S. Bureau
of Standards test # 47197 May 24, 1926 (86 years ago!)
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@ertificate of Calibration
Burran of Standurds and Tracabiy o the
g Ynited States National Bureau of Standards
@ertifirate
FOR
MOREHOUSE PROVING RING, S/N 14: 3,000 kgf capacity COMPRESSION TYPE
Proving Riug {APPARATUS CALIBRATED AND SERIAL NO.
Ne. 14
Maker: B.S. No. MOREHOUSE PROVING RING, S/N 14, was calibrated according to ASTM
r»orchouse Mschine Co., 47197 specification E74-81, "Standard Methods of Calibration of Force-
233 West Narket St., VMTTOEY %. 2. Yorshouse Measuring Instruments for Verifying the Load Indication of Testing
York, Pa. N SRR Machines." The uncertainty of this Proving Ring as determined by
statistical analysis is 7.14 kgf, at the calibrated loads only.
APPLIED
Brineil Froving Tlag Wo. 14 wae submitted by the LOAD Run 1 Run 2 Run 3 Average
Xorehouse Jechine Co., 233 Aest Warket %., York, Pa., kgt div div div div
for cslibration and certlflication.
~ = 500 26.6 26.5 26.7 26.60
The ring was calibrated in the Brinell dead-weight .
machine. The resulis of calibration are found ia the 1000 52.1 52.0 52.1 52.07
tsble below: 1500 76.8  76.7  76.9 76.80
2000 101.3 101.5 101.7 101.50
Ring 0 126.5 12 126.8  126.7
No 255 Vaius 621 250 26.5 126.8 3 6.70
Xg. £g. Kg. Kg. £g. Rg. division 3000 151..3 151.4 151.4 15%.37
of diel
Kg.
14 25.8 B1.1* 76.1 100.8 126.25% 149.55 19.7
* The valuee of deformstions for 1000 and 2500 Kg. loads were
obteined by interpolation. Temperature during calibration = 23° C.
The error of ring for sny load does not exceed :0.1 di-
vision of dial. The sbove values were obtnined at a tempers-
o
ture of 60°F. In order to compsre the deformation of a ring bRt ARRAENS LEe: Bale

in a testing machine with those given in the table, the form=

er must be reduced to the t ature of 60°F by means of DEAD WEIGHT FORCE MACHINE, S/N M-4644, accurate July 25 ,A08%/
the formula: ST

within .003% of load, calibration traceable i o (
dgo = @y x 1=~ 0.00016 (¢ - 60)  where : Callbrated:By, SHE Wr 4
to the U.S. National Bureau of Standards, MOREHOUSE INSTRIMENT, COMPANY
4»0 = deformetion of ring at 80°F Laboratory No. 7377229759 >
43" = " " " " Loy ==
t = temperature, °F, dlqr‘i‘ng th7 test.
Test Number 47197. MOREHOUSE INSTRUMENT COMPANY
Washington, D. C. Georme Y. Burgess, Director. FORCE CALIBRATION LABORATORY
Mey 24, 1926. #1?, 1742 SIXTH AVENUE

YORK, PENNSYLVANIA 17403-2675
PHONE 717/843-0081

FORM 229-3

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.



A M d o @iTRéMorehouse Proving Ring was refined and used to calibrate
Material Testing Machines.

A M d p aiMbeehouse 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..,



A 2004¢ 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

A 2009¢ Morehouse expands force calibration range offering ASTM E74
calibrations up to 2,250,000 LBF in compression and 1,200,000 LBF in

tension.



Company History

A 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 Englan
which is a National Metrology Institute.

A 2011 Morehouse becomes A2LA Accredited for Torque Calibration



Calibration Lab Pictures
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120,000 Ibf Morehouse Dead Weight (Prmary Standard) Force Machine. The

weights of this Machine are calibrated directly by the United States National

Institute of Standards & Technology (NIST) accurate to 0.001% (10 ppm) for
k=1. (Machine weights extended 12 feet below floor level)



General Information

Force and Torque Calibration Service

Lower your test uncertainty ratios by having instruments
calibrated at a more precise level of measurement certainty:

= / 2@ » Primary Force and Torque standards accurate to
‘ ; 0.002% of applied for most capacities

» Hassle-Free Calibration Service - Morehouse
does not require RMA’s and works extensively
to ensure calibrations are performed in a manner
that replicates how the instruments are used

» Force Calibration performed in our laboratory to
2,250,000 Ibf in compression and 1,200,000 Ibf
in tension and equivalent S| units

P Torque Calibration performed in our laboratory
to 1475 ft - Ibf and equivalent S| units

» Calibrations performed in accordance with
customer specifications, ASTM E74, ISO 376,
ASTM E 2428 and BS 7882

ISO 17025 Accredited
American Association of Laboratory
ACCREDITED| Accreditation Calibration Cert 1398.01

Prompt Delivery of 5-7 Days on Most Items. Expedited Service Available
MOREHOUSE FORCE & TORQUE CALIBRATION LABORATORIES

Phone: 717-843-0081 / Fax: 717-846-4193 / www.mhforce.com / e-mail: hzumbrun@mhforce.com

M6’ 1616144 € INSTRUMENT COMPANY, INC.

1742 Sixth Avenue - York, PA USA




Mberenause
FUNDEMENTALS OF

TORQUE CALIBRATION

Henry Zumbrun

Morehouse Instrument Company

1742 Sixth Ave

York, PA 17403

PH: 717843-0081 webwww.mhforce.com
Sales: hzumbrun@mhforce.com
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Morehouse Instrument Company

1742 Sixth Ave

York, PA 17403

PH: 7178430081 webwww.mhforce.com
Technical: blane@mhforce.com
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The Importance of Torque Control

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

When the bolt is torqued properly it remains under constant stress and Is
Immune from fatigue.

Wrench
Clamping Torque

Force @

i1




The Importance of Torque Control

E If the torque is not applied properly and the tensiontbe bolt torque
IS too low, varying loads will act upon the bolt and it will fail.




The Importance of Torque Control
Honda Recalling 50,000 Vehicles

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

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

A In a report filed with the Ministry of Land, Infrastructure, Transport and
Tourism, Honda said the engines of the vehicles, made between July 2f
July 2010, may stall due to the defect.

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

A The ministry said the bolts may lose tension or fracture, causing the dri
which runs both the alternator and the water pump to circulate coolant
to come off the pulley.



http://www.manufacturing.net/

The Importance of Torque Control

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

Pictured Above: Metanap from Jefb A K GSrdgﬁeI apparently ;he bolts on
the left exhaust manifold were ovell 2 NJj dzZSRX 062f 0&a GKSyY
popped off and 4000bhp of exhaust gas launches the car in the air at over

200mph!



The Importance of Torque Control

E 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 undettorqued in an airplane assembly and become loose in mid

flight?

E Fastener reliability depends on controlling the
tightening torque.

E Other engineering factors such as fastener material, design,
pitch & surface finish may also influence the tightening torque.



Torque

Is derived and traceable to Sl units of length, mass, and time.

Sl Base Units

Quantity Unit  Symbol
Length meter m
Mass kilogram kg
Temperature kelvin K
Time second s
AmountofSubstance  mole mol
Electric Cunrent ampere A
Luminous Intensity candela cd

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

A Thekilogram is the unit of mass; it is equal to the mass of the
International prototype of the kilogram

A 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 thecesium 133 atom.



Torque = Force x Length

Quantity Unit  Symbol
Length meter m
Mass kilogram kg
Temperature kelvin K
Time second s
AmountofSubstance  mole mol
Electric Cunrent ampere A
Luminous Intensity candela cd

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

Most torque systems consist of an arm or disc of a known length and a
set of weights.



Torque = Force X Length

Weights used for torque and force standards must
be corrected for the following

Local 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.)

Material Density- Knowing the density of the materidtom which the
weights were manufactured.

Buoyancyc 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 0.0159%



Definition of Torque

Torque arm
Direction of rotation /
\ /:_(]__)

— N
Fulcrum F

N\

Force
causing
torque

Torque also calleanoment or moment of forceis 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.

Torque (BS 7882 definitionproduct of tangential force and length
applied about a known center of rotation



Definition of Torque

Torque arm
Direction of rotation /
\ /:_(]__)

N\

Force
causing
torque

— N
Fulcrum F

Loosely 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.



Examples of Torque

The Torque (T) about a point (p) is equal to the Force (F) times the
distance (L) measured pemendicular to the force.

T=FXLJ_

Example : T=F x L
Example2: T=0

Example 3: T=F x L cosa

Example 4: Equlibrium
balanced

T1= TE

F1x L1= sz L2

rotates in direction of higher forgue



xamples of Torque (cont)

Torque

Tension in Bolt & Force

Clamping Force on joint

Freewheel

Input
l shaft to
l gearbox

At high revs the reactor starts to
tumn. When turbine, impeller and
reactor are running at the same
speed, oil is not deflected.

Impeller

Turbine

At low revs the reactor is stationary Cut-away view of a
and deflects the oil back to the torque converter,

impeller. This increases the torque showing the impeller,
applied to the turbine. Flywhesl turbine and reactor.



Torque = Force x Length

Examples of this formula

A Example 1: Distance = 1m. Force = 2000 N, Torque = 28600 N
A Example 2: Distance = 2m. Force = 1000 N, Torque = 28600 N
A Example 3: Distance = 1 ft. Force = 1000 LBF, Torque = 100 FT

A Example 3: Distance = 5 ft. Force = 200 LBF, Torque = 1000 FT



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

Ibf to newton (N) = MULTIPLY BY 4.4482216152605
Ibf to KGF = MULTIPLY BY .45359237
Ibf to ozf = MULTIPLY BY .0625

kgf to Ibf = 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 Ibf = MULTIPLY BY 16
Ozf to kgf = MULTIPLY B¥283495231



Length Conversion Factors

METER (m) to FEET (ft) = MULTIPLY 2808399
METER (m) to INCHES (in) = MULTIPRY.B0787

FEET (ft) to METERS (m) = MULTIPDY3BY8
FEET (ft) to INCHES (in) = MULTIPQY0&¥3333333

INCHES (in) to FEET (ft)= MULTIPLY BY 12
INCHES (in) to METERS (m) = MULTIRLS2BY



Torque Conversion Formulas

Force 1N =.22480894 8% Length 1m 3.280839895t

E 1 Nm=.2248089431 x 3.280839895737562148F Flbf

Force 1N =.2248089481f Length 1m 39.3700787in

E 1 Nm=.2248089431 x 39.370078350745784n-Ibf



