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Test Objective

The primary purpose of this test is to provide quantitative data on the repeatability of input torque and 
induced bolt tension for a line of assembly tools recently introduced into the North American market.  
This tool line is a cordless discontinuous tool with electro-mechanical tightening control.  While these 
tools have elements of impact, pulse and continuous cordless tool behavior, they establish a new 
category in industrial assembly tools.  As such, prospective customers have no experience base on 
which to make a purchasing decision and will ask the manufacturer to provide performance data.  To 
provide prospective customers with independent test data, Panasonic North America has asked 
Archetype Joint, LLC to conduct testing on these tools.

The testing reported on in this document was performed at Archetype Joint’s lab in Orion, MI during 
November, 2008.
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Test Plan - Scope

Tools at each of the three capacity levels offered in the EYFLA line were tested in four different 
configurations.  The different configurations were established by two different clutch settings and two 
different joint rates. Joint rates refer to how much fastener rotation is required to tighten the bolt from 
snug to the desired installation torque or tension.  The stiffer joints are called “Hard” and require less 
rotation.  Those that are less stiff and take greater rotation to tighten are termed “Soft”.  The test matrix 
shown below identifies the clutch and joint rate in the third column.  For example 16S refers to a clutch 
setting of 16 tightening a Soft joint, while 30H is a test at a clutch setting of 30 on a Hard joint.

Test # Tool Clutch/Rate Screw

1

1A

16H M6

2 16S M6

3 30H M8

4 30S M8

5

2Q

16H M8

6 16S M8

7 30H M10

8 30S M10

9

3J

16H M10

10 16S M10

11 30H M10

12 30S M10
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Test Plan - Joint Summary

Characteristic Description

Bolt Diameter, mm 6 8 10

Bolt Length, mm 50 60 70

Bolt Property Class 8.8

Bolt Finish Clear Zinc Electroplate 

Driven End Head

Drive/Head Style (Bolt and Nut) Hex Flange

Under-Head Material Steel Test Washer 
Per SAE/USCAR-10 Rev 2

Test Washer Hole Dia., mm 6.23 8.35 10.33

Joint Grip Length, mm                       
(w/o Belleville Washers) 36.7 45.3 41.0

Approximate Joint Rate, deg   
(from snug to target) 90 (Hard) and 360 (Soft)

Number of Rundowns per Test 20

Hardware Replaced on Each Run Nut, Bolt and Test Washer
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Test Plan - Tools

EYFLA -1A

M6:Clutch Setting at 16

EYFLA -2Q EYFLA -3J

M8:Clutch Setting at 30

M8:Clutch Setting at 16

M10:Clutch Setting at 30 M10:Clutch Settings at 16, 30

The three test tools are shown below. 
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Test Setup – Tension Measurement

The first measurement of each test is the final 
peak bolt tension generated in each rundown.  
Once the bolt, nut, test washer and Bellville 
washers for soft joints are installed into the 
load cell, the technician applies torque to the 
bolt head with the tool hand-held. While 
tightening takes place bolt tension is 
measured dynamically.

Details of the test equipment and the tension 
trace generated follow.  
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Test Setup – Torque Measurement

Because the clutch setting controls the number 
of impacts rather than the amplitude of torque 
impulses, measuring application torque can’t 
be done dynamically by measuring the peak 
torque during tightening. Therefore, application 
torque was measured as a secondary residual 
torque audit.  Immediately after tightening, a 
fixtured DC nutrunner was moved into place 
and the bolt was rotated in the tightening 
direction about 60 degrees.  After testing was 
concluded, traces of these audits were 
individually examined and the residual torque 
value selected.  

Details of audit trace and residual torque 
determination follow.
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Test Equipment - Fasteners

M8 M10M6
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Test Equipment - External Torque-Angle Transducer

The Crane 75 N-m rotary transducer shown below was used for all torque measurement.  
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Test Equipment - Transient Recorder

The analog signals from the load cell and torque-angle transducer are all read with the Micro Controls 
MC 900 four channel transient recorder.  Because the level of torque pulses were not measured 
dynamically, signal capture rates and filter cutoff levels were not critical. 
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Test Equipment – Load Cell 

RS Technologies 100kN load cell on fixed carriage measures tension. Moving carriage allows backup 
socket to be retracted and the fastener set to be changed.

Fixed
carriage

Moving
carriage

Load Cell

Backup Socket
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Test Equipment – Load Cell

The load cell utilizes a set of plates and bushings with the appropriate hole size for the fastener 
diameter.  The grip length can be varied by changing the thickness of plate and bushing.  The plate 
contains a recess into which a test washer can be inserted.  This way a fresh contact surface can be 
used for each run.  

Bushing

Plate Test Washer
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Test Equipment

With “soft” joint tests, Belleville washers were placed under the nut to increase the bolt rotation 
required to tighten the bolt. Combinations of washer stiffness, quantity and configuration were chosen 
to achieve the desired 360° joint rate. Actual rotation was within 60° of that target. Washer 
configurations for each test are shown below.

Soft Joint

Hard Joint (no washers)

Belleville Washers Used in Tests

A B CD G

Belleville Washers Test # Tool Clutch Joint Screw Style Config

1 16 hard M6 none

2 16 soft M6 A 

3 30 hard M8 none

4 30 soft M8 B 

5 16 hard M8 none

6 16 soft M8 D

7 30 hard M10 none

8 30 soft M10 G

9 16 hard M10 none

10 16 soft M10 G

11 30 hard M10 none

12 30 soft M10 C

Belleville Washer 

EYFLA-1A

EYFLA-2Q

EYFLA-3J

Nut

Nut

Nut

Nut

Nut

Nut
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Test Equipment

Specifications for the Belleville washers used to soften the test joints are 
shown below. Source was McMaster Carr.

D

A

B

G

C

Belleville Disc Springs
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Typical Traces - Tension

The trace on the left, taken from a rundown of Test 7 
(the 2Q tool with a 30 clutch setting on a hard joint), 
is typical of the 240 tension traces which have been 
compiled and provided in a separate file. The tension- 
time trace, recorded dynamically as the bolt is 
tightened, shows the bolt tension climb as the bolt 
head is impacted.  The trace’s slope continually 
decreases, as the amount of rotation (and therefore 
tension increase) lessens as the resistance to rotation 
becomes greater. At the point noted on the trace the 
desired number of impacts, as determined by the 
clutch setting, is reached and the tool shuts off. The 
horizontal portion of the trace to the right of this point 
simply shows that the tension remains steady once 
the tool is shut off.

Tension vs. Time

Tool Shuts Off
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Tension Measurement Comments

Time for 10 pulses

The test results show that for a given clutch setting on a given tool both the final bolt tension and the residual torque will 
vary depending on the joint rate.  As an illustration, below are two typical traces from testing the 2Q tool at a clutch 
setting of 30, one on a hard joint and the other on a soft joint. Tension on the soft joint is about 6 kN lower because the 
average increase in tension per pulse is lower due to less joint resistance (see left of inset).  As the number of pulses 
will be the same for both joints, the tension will not climb as high.  The main graph shows that the time to tool shut off is 
greater for the soft joint even though the clutch setting is the same. This is due to a slightly greater cycle time for the 
soft impulses, as shown on the right side of the inset. 

Height 
of early 
pulses

2Q_30H

2Q_30S

Tool Shut Off 

Tool Shut Off 

Hard

Soft
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Typical Traces – Tension vs. Time

2Q 30H (reported)

2Q 30S (before retest – not reported)

Normal Trace – Tool shuts off before 
washer flexure ends

Washer Flexure Ends

Tool Shut Off

The data displayed in test results for test #8 (2Q 30S) is the result of a retest.  The initial test, whose tension traces are 
shown below with the hard version of the joint, displayed high tension variation caused by the joint setup rather than the 
tool.  For some of the rundowns the Belleville washers went stiff before the tool shut off.  This created variation in joint 
stiffness between the rundowns where this occurred and those where it didn’t.  Because the final bolt torque and 
tension are influenced by joint stiffness when using these tools, the test results showed a high degree of variation.  The 
test was rerun with an additional Bellville washer stacked in series to provide additional flexure range.  The results show 
17 data points for this test rather than the normal 20 because the stock of test washers was used up before completion.
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Typical Traces - Torque

The trace on the left is typical of the 240 torque 
traces complied separately.  As described earlier, 
the final torque applied to a bolt is measured 
immediately after the rundown as a residual torque 
audit.  The torque at the start of fastener rotation 
was determined by examination of each audit trace.

The graph below shows torque measured 
dynamically during the rundown.  The torque spike 
of each impact is the same height, with the clutch 
setting controlling the number of impacts rather than 
the energy transmitted, so the peak dynamic torque 
would not describe the applied torque in an 
equivalent manner as a continuous tool.  This is the 
reason residual torque was measured.

Torque vs. Angle

Fastener is not 
moving yet – steep 
slope indicates high 
stiffness.

Fastener is rotating– 
slope is lower because 
once enough torque is 
applied that the bolt 
starts turning the joint 
stiffness decreases

Start of fastener rotation – equal to the peak 
torque applied if there is no relaxation

Dynamic Torque-Time Trace
Constant torque eliminates 
dynamic torque measure.
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Test Results
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Summary Results EYFLA-1A

Hard Soft Hard Soft

MEAN 9.1 4.1 21.4 9.7

ST DEV 0.40 0.18 1.10 0.37

MEAN + 3STD 10.2 4.6 24.7 10.8

MEAN - 3STD 7.9 3.5 18.1 8.5

Hard Soft Hard Soft

MEAN 6.4 3.0 13.9 6.1

ST DEV 0.20 0.10 0.77 0.20

MEAN + 3STD 7.0 3.3 16.2 6.7

MEAN - 3STD 5.8 2.7 11.6 5.5

EYFLA-1A Torque Summary (N-m)

EYFLA-1A Tension Summary (kN)
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Summary Results EYFLA-2Q

Hard Soft Hard Soft

MEAN 23.4 19.5 42.2 16.2

ST DEV 1.13 0.71 2.58 1.50

MEAN + 3STD 26.8 21.7 50.0 20.7

MEAN - 3STD 20.0 17.4 34.5 11.7

Hard Soft Hard Soft

MEAN 15.4 12.8 22.3 7.7

ST DEV 0.43 0.50 1.26 0.48

MEAN + 3STD 16.7 14.3 26.1 9.2

MEAN - 3STD 14.1 11.3 18.5 6.3

Clutch #16 Clutch #30

EYFLA-2Q Torque Summary (N-m)

EYFLA-2Q Tension Summary (kN)

Clutch #16 Clutch #30
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data points rather than 20
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Summary Results EYFLA-3J

Hard Soft Hard Soft

MEAN 39.7 12.6 61.8 34.5

ST DEV 1.39 0.98 2.43 0.97

MEAN + 3STD 43.9 15.5 69.1 37.4

MEAN - 3STD 35.5 9.6 54.6 31.5

Hard Soft Hard Soft

MEAN 21.1 5.8 32.3 17.4

ST DEV 0.49 0.34 1.11 0.60

MEAN + 3STD 22.6 6.9 35.6 19.2

MEAN - 3STD 19.6 4.8 29.0 15.6

Clutch #16 Clutch #30

EYFLA-3J Torque Summary (N-m)

EYFLA-3J Tension Summary (kN)

Clutch #16 Clutch #30

0

15

30

45

60

75

Clutch #16
Hard

Clutch #16
Soft

Clutch #30
Hard

Clutch #30
Soft

To
rq

ue
, N

-m

0

10

20

30

40

50

Clutch #16
Hard

Clutch #16
Soft

Clutch #30
Hard

Clutch #30
Soft

Te
ns

io
n,

 k
N



11/17/2008 PAN-TL-001 23

Summary Results EYFLA-1A

EYFLA-1A Torque
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Summary Results EYFLA-2Q

Torque and Tension data for 
Clutch #30 Soft based on 17 
data points rather than 20

EYFLA-2Q Torque
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Summary Results EYFLA-3J

EYFLA-3J Torque
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Test Results EYFLA-1A with Clutch at 16

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 9.3 6.3 3.8 3.0 13 8.8 6.4 3.8 2.9

2 8.8 6.1 4.2 2.9 14 8.6 6.4 4.0 3.0

3 8.8 6.5 3.8 2.9 15 9.3 6.2 4.3 2.9

4 9.2 6.5 4.0 3.0 16 8.4 6.3 4.1 3.3

5 9.0 6.4 3.8 3.0 17 8.9 6.4 4.0 3.0

6 9.2 6.5 4.2 2.9 18 8.5 6.4 3.8 3.0

7 9.2 6.6 4.2 2.9 19 9.0 6.3 4.2 2.9

8 8.8 6.5 4.1 3.0 20 8.7 6.2 4.0 2.8

9 9.2 6.4 4.0 3.0 MEAN 9.1 6.4 4.1 3.0

10 9.9 6.9 4.5 3.0 MIN 8.4 6.1 3.8 2.8

11 9.4 6.8 4.0 3.0 MAX 9.9 6.9 4.5 3.3

12 9.9 6.6 4.0 3.1 ST 
DEV 0.40 0.20 0.18 0.10



11/17/2008 PAN-TL-001 27

Test Results EYFLA-1A with Clutch at 30

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 21.0 13.3 10.1 6.0 13 22.0 13.4 9.7 6.3

2 21.7 14.5 9.4 5.9 14 21.7 12.9 9.5 6.2

3 19.6 13.5 10.0 6.2 15 21.2 14.0 9.4 5.9

4 21.1 14.5 9.2 6.1 16 21.7 13.5 9.5 6.0

5 20.6 13.9 9.8 6.0 17 21.1 13.7 9.4 5.8

6 21.1 13.7 8.8 5.7 18 20.0 13.1 9.7 6.2

7 20.4 13.4 9.8 5.9 19 21.3 14.0 9.6 6.2

8 22.8 14.1 9.5 6.1 20 24.0 16.1 10.4 6.2

9 22.5 13.3 9.8 6.3 MEAN 21.4 13.9 9.7 6.1

10 20.7 13.9 9.6 6.3 MIN 19.6 12.9 8.8 5.7

11 20.0 13.7 10.2 6.5 MAX 24.0 16.1 10.4 6.5

12 23.0 15.4 10.1 6.2 ST 
DEV 1.10 0.77 0.37 0.20
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Test Results EYFLA-2Q with Clutch at 16

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 25.2 15.5 19.4 13.3 13 22.5 15.1 19.9 12.8

2 24.5 16.4 18.9 12.7 14 23.8 15.5 19.0 12.7

3 23.5 14.9 19.6 11.9 15 22.2 14.9 20.1 12.2

4 23.5 15.7 19.7 13.2 16 21.6 14.7 20.0 12.2

5 24.1 15.3 20.9 12.7 17 22.7 15.1 19.5 12.7

6 23.3 15.3 20.6 13.2 18 22.8 14.9 20.2 12.8

7 25.9 15.8 18.5 12.3 19 22.0 15.4 20.4 13.5

8 23.9 15.8 18.5 12.4 20 22.0 15.7 19.3 13.5

9 24.1 15.8 19.5 13.4 MEAN 23.4 15.4 19.5 12.8

10 23.4 15.2 18.7 12.8 MIN 21.6 14.7 18.5 11.9

11 24.6 16.0 19.0 12.7 MAX 25.9 16.4 20.9 13.7

12 23.0 15.1 18.7 13.7 ST 
DEV 1.13 0.43 0.71 0.50
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Test Results EYFLA-2Q with Clutch at 30

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 40.2 21.4 16.4 7.8 13 43.6 23.8 17.9 7.6

2 40.1 22.9 17.3 8.2 14 43.5 23.3 14.4 7.1

3 44.3 22.9 15 45.3 23.9 15.2 7.6

4 39.1 21.0 16 42.6 22.3 14.0 6.9

5 46.2 24.2 16.3 7.7 17 40.6 21.2 14.0 8.5

6 40.9 21.5 18.3 7.9 18 40.4 22.1

7 44.6 22.0 17.6 7.0 19 39.5 20.4 15.2 7.8

8 39.0 20.5 16.1 8.1 20 40.0 21.0 18.6 8.3

9 46.5 23.8 15.2 8.3 MEAN 42.2 22.3 16.2 7.7

10 42.9 21.9 18.0 7.8 MIN 39.0 20.4 14.0 6.9

11 39.7 21.5 15.6 7.6 MAX 46.5 24.2 18.6 8.5

12 46.0 24.2 15.7 7.2 ST 
DEV 2.58 1.26 1.50 0.48

Rundowns #4 and #8 were removed as washer flex ended before tool shut-off. Rundown #3 was 
removed due to questionable residual torque trace.  All M10 test washers had been used so this data 
could not be replaced.
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Test Results EYFLA-3J with Clutch at 16

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 40.9 21.8 12.9 5.5 13 36.6 19.7 12.9 6.3

2 41.8 21.1 14.2 5.6 14 38.9 21.4 11.5 6.2

3 38.2 21.5 11.5 6.5 15 38.9 20.7 11.8 6.4

4 40.9 21.5 12.1 6.3 16 39.3 21.0 13.8 5.4

5 42.0 21.0 13.1 5.5 17 40.6 20.6 11.0 6.0

6 40.0 20.8 13.2 5.7 18 40.8 21.3 11.5 5.8

7 41.1 21.6 11.7 5.7 19 39.5 20.8 12.3 5.6

8 39.1 20.5 13.1 5.8 20 40.0 21.2 12.9 5.6

9 39.3 21.2 14.6 5.3 MEAN 39.7 21.1 12.6 5.8

10 38.7 21.6 11.5 6.0 MIN 36.6 19.7 11.0 5.3

11 39.8 21.1 13.2 6.0 MAX 42.0 21.8 14.6 6.5

12 37.5 21.6 12.5 5.9 ST 
DEV 1.39 0.49 0.98 0.34
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Test Results EYFLA-3J with Clutch at 30

Hard Joint Soft Joint Hard Joint Soft Joint

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

Run- 
down

Torque 
(N-m)

Tension 
(kN)

Torque 
(N-m)

Tension 
(kN)

1 62.6 31.8 34.4 16.4 13 62.1 33.8 35.0 18.3

2 66.1 33.6 33.0 17.3 14 61.9 31.4 33.3 17.3

3 63.4 32.2 32.5 16.4 15 61.8 31.8 34.9 17.3

4 61.8 32.5 34.0 17.3 16 60.1 30.9 34.7 18.0

5 65.4 33.6 34.5 16.8 17 57.8 31.4 36.5 17.8

6 63.0 33.5 34.6 16.7 18 62.5 34.1 35.4 17.4

7 57.1 32.3 33.5 17.9 19 61.6 31.4 33.6 17.9

8 62.8 31.4 35.6 16.2 20 58.2 32.1 35.3 17.7

9 65.7 34.1 33.8 17.6 MEAN 61.8 32.3 34.5 17.4

10 61.9 32.0 35.2 17.4 MIN 57.1 30.7 32.5 16.2

11 59.9 31.3 34.6 17.8 MAX 66.1 34.1 36.5 18.3

12 61.0 30.7 34.8 18.0 ST 
DEV 2.43 1.11 0.97 0.60
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Test Results EYFLA-1A with Clutch at 16
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Test Results EYFLA-1A with Clutch at 30
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Test Results EYFLA-2Q with Clutch at 16
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Test Results EYFLA-2Q with Clutch at 30
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Clutch #30 Soft based on 17 
data points rather than 20
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Test Results EYFLA-3J with Clutch at 16

0

10

20

30

40

50

60

70

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Rundown

T
or

q
ue

, N
-m

Hard
Soft

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Rundown

T
en

si
o

n,
 k

N

Hard
Soft



11/17/2008 PAN-TL-001 37

Test Results EYFLA-3J with Clutch at 30
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Appendix
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Archetype Joint A2LA Scope of Accreditation
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Archetype Joint A2LA Scope of Accreditation
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Transient Recorder Calibration Certificate
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Torque Transducer Calibration Certificate
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Load Cell Calibration Certificate
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M6 Test Washer Certificate of Conformance
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M8 Test Washer Certificate of Conformance
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M10 Test Washer Certificate of Conformance
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The 480 individual Tension-Time and Torque-Angle traces 
captured for each torque and tension measurement have 

been provided as a separate PDF file.
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END OF TEST REPORT
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