UNCLASSIFIED

AD NUMBER

ADB077693

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution authorized to U.S. Gov't.
agencies only; Critical Technology; Test
and Evaluation; 19 NOV 1982. Other
requests shall be referred to Dental
Investigation Service, School of Aerospace
Medicine, ATTN: NGD, Brooks AFB, TX
78235-5301.

AUTHORITY

SAM ltr dtd 9 Mar 1987

THIS PAGE IS UNCLASSIFIED




Report YSAFSAM-TR-83-29

4
DENTAL DIAMOND ROTARY INSTRUMENTS
Test and Evaluation 4

Carl D. Foster, Major, USAF, DC
Joseph M. Powell, Colonel, USAF, DC
John M. Young, Colonel, USAF, DC

Sep* .mber 1983
Final Report for Period February 1982 - September 1982

Distribution limited to U.S. Government agencies only;

test and evaluation G NENEENENEED 19 November ,
1982. Other requests for this document must be referred

to the Dental Investigation Service, USAF School of

Aerospace Medicine.

SUBJECT TO EXPORT CONTROL LAWS

This document contains information for manufacturing or
using munitions of war. Exporting this information or
releasing it to foreign nationals living in the United States
without first obtaining an export license violates the
International Traffic in Arms Regulations. Under 22 USC
2778, such a violation is punishable by up to 2 yeors

in prison and by o fine of $100,000.

USAF SCHOOL OF AEROSPACE MEDICINE
Aerospace Medical Division (AFSC)

Brooks Air\&rse Base, Texas 78235

ol

»
.MLE hoee ™

83 11 01 o¢og

PR R ol

- e, >, L3 - PP LAY U YA W SN S S



wTvRrTe:
2. o

NOTICES

This final report was submitted by personnel of the Dental Investigation
Service, Clinical Sciences Division, USAF School of Aerospace Medicine,
Aerospace Medical Division, AFSC, Brooks Air Force Base, Texas, under job
order DSB38200.

When Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely Government-related procure-
ment, the United States Government incurs no responsibility or any obligation
whatsoever. The fact that the Government may have formulated or in any way
supplied the said drawings, specifications, or other data, is not to be
regarded by implication, or otherwise in any manner construed, as licensing
the holder, or any other person or corporation; or as conveying any rights or
permission to manufacture, use, or sell any patented invention that may in any
way be related thereto.

This repor

as been reviewed and is approved for publication.

ARL D. FOSTER,
Project Scientist

ajor, USAF, DC JOHN M. YOONA

Supervi g_r_,

el, USAF, DC

ROYCE MOSER, Jr,
Colonel, USAF, MC
Commander

NPT U P TP TR TR DUr W DU WL DA YU AT W Gy Wk Yy 1 o e e P, N S

- -

Lome ko

.;Liv‘ L’_.' s K

PRI
; el cntnah S a b

e




...................

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)
REPORT DOCUMENTATION PAGE BEFOR B CoRPE e TION S R
[T, REPORT NUMBER VT ?yz?j TENT'S CATALOG NUMBER
USAF SAM-TR-83-29 ;@0
4. TITLE (and Subtitie) SFlTr‘Ygf QielBE(l;'g T & PERIOD COVERED
DENTAL DIAMOND ROTARY INSTRUMENTS February 1982-September 1982

Test and Evaluation

6. PERFORMING OG. REPORT NUMBER

{73 MONITORING AGENCY NAME & AODRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report)

7. _AUTHORC(s) 8. CONTRACT OR GRANT NUMBER(s)

arl D. Foster, Major, USAF, DC
Joseph M, Powell, Colonel, USAF, DC
John M. Young, Colonel, USAF, DC

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
USAF School of Aerospace Medicine (NGD) AREA & WORK UNIT NUMBERS
Aerospace Medical Division (AFSC) 87714F
Brooks Air Force Base, Texas 78235 DSB38200

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
USAF School of Aerospace Medicine (NGD) September 1983
Aerospace Medical Division (AFSC) 13. NUMBER OF PAGES
Brooks Air Force Base, Texas 78235 137

UNCLASSIFIED

1Sa. DECLASSIFICATION/ DOWNGRADING
SCHEDULE

t6. DISTRIBUTION STATEMENT (of thie Report)
Distribution limited to U.S. Government agencies only; test and evaluation i

H; 19 November 1982. Other requests for this document must
e referred to the Dental Investigation Service, USAF School of Aerospace Med-

icine,

17. DISTRIBUTION STATEMENT (of the sbatract entered in Block 20, if ditlerent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necessary and identify by block number)

Dental diamond rotary instruments
Diamond instrument cutting performance
Diamond instrument quality

(S. ABSTRACT (Continue on reverss aide i{ necessary and identify by block number) .
L) In this {est and evaluation of the quality and performance of dental diamond

rotary instruments, the areas evaluated were: dimensions, construction, shank
roughness, concentricity, durability, cutting efficiency, and corrosion. The
testing methods followed those of the proposed American Dental Association
Specification for Dental Diamond Rotary Instruments, with some modifications
to meet the needs of the USAF Dental Service. This study provided a means of
comparing diamond instruments from different manufacturers. .

DD , 55", 1473  eoimion oF 1 nov s s oBsOLETE UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entared)

..................

)
{
K
i
]
1
4

et AR ' ata”

|
A e fe T T e et e e e - . - ot = e " M Ce T w - . - -
PRSP SR P PRPR WAL W0 P PR S Py s P P L P Ladatmihadatinnboniotion bold o ol ol s d elioal g i o S e A s AT 8 B A a~a-d




AN I S AP ~ . AR

Accession For
a: NTIS GRA&I

O
DTIC TAB x
O

Unannounced
Justification ____

= Distribution/

{ Availability Codes
- Avail and/or
. Dist Special

2]

INTRODUCTION...o.o.....t.c.o.o..o.O-Oo..O...'.aooo-.t..o.t.oc..ocoo.o.c 5

[ UL SUUS S WL

CONTENTS

l l | Page

TEST METHODS AND EQUIPMENT.eueueesenenencncnonensesescnsnsensnsnsnenas 5
55 DiMENSTONS e s eeeeceansesososesssssssssscssssasansscssssssssssssssacs 5
t{: CONSEIUCE ION.eeescessctosescesssscscssacessacosasscsssssssssssssnnse 6
g; Shank ROUGNNESS.eeseeseseccssscsosnssconsssssocssscnsssccssssarsasens 6
f} ConcentriCityeeeeeessesscescsssccnoesesccscssecsscccsscsssacssncnns 6
5 DUFADT ity eueeeenesraesoesesssssssssasssocncascssssasssassoscsasne 7
fﬁ COPPOSTON. e eeeeoasesssssssassssssssssesscssesscssssssssssssasassssss 7
< CULLINg EffiCiONCyeeeeceeceecsescccsossooscersscssscsassconsannsans 8
y EVALUATION OF DATA tuevveeverneessnnesssecsnnsssssccnscsnnssarasennases 8
X DIMENSTONS . eeeeececcceescscessccossscsscsascatssssossscssasssncsnsocnns 8

‘) construction.....o00000‘OQ.OOOIO............OO.'00.00..0..."0.00.. 9

[ Shank Roughness......O‘0.0'IIOOI..OQ.'..COo..ocoololloo‘..ool'.ooo. 9

\i concentricity.o.ooo00.0....0..-....0.0-.0.-0.00..oo.o..o..........' 9
A

Fi Durabi]ity.....ool.cc.oo.-l.t....ol‘o..o...-.o...tlo.o.o'..c..oo.o. 10
é: corrosion...c.0.".‘.0.000.ol.l..0.o.ll..oolllo...o....loooolo..... 10

':‘ Cutting Efficiency...u..oo..O0.0.....O'I....o.o...oolt...l...l.oooo 10
‘#! CONCLUSIONS.QOOOODOO..0.0..00............ooOooo..t'oot..ool...ooluo.oo. 10
APPENDIXES:

-:" A. Dimensions Test Data...l‘..‘............'....0.l..'l....l...... 59
2 B. Construction Test Dat@.ccescececsseccostscsossccseccnascsseass /9
'j. c. Shank Roughness Test Data.... P2 0000000 800000003000 00 00000000 0ODS 83 -
“ b
- 1 ]
3




RS S A A A e T SIS Ac e ShCMACHRC s A IR R i AL M AT
N
X CONTENTS: Appendixes (Cont'd)
<

ti D. ConcentriCity Test Dataoo..to.on.o--...!loo.ooool.co..o.ooil.lt
; E. Durabi]ity Test Dataoo.....oo.-oco...lloioooc.'ooooooo...nno.on

F. COPFOSiOﬂ TeSt Dataoictnnooolo.ll'oo.olol.o.-.oooo-ooooco.o..oo

G. cutting EffiCiency Test Dataol.o..c.0l'loo.o.ooo.ooloo.ooc.o...

Figures

1. Gaertner 30X toolmaker's MiCroSCOP@ececccscescsccsssccccoscnnes
2. Dimension measurement...cceeecesscoscacesescrsssccsscssssssocanns
3. Chisel stylus probe.ceeceecccesscsccscccccesscsssscocscsscacscnss
4, Shank roughness test equipment.ccecececscccescccsvsecsssecocccas

5. Custom-designed chuck holder; and diamond instrument....eeecees

6. Hysteresis sSynchronous mOtOreeesscessceescesssccsccecseascccssnss
7. G1ass plat@eeeesescceccoacrsssscscscsessccsccsssesccsscnssosses
8. Test equipment..cecececesacescsssccescssssccsescssssssasscsssce
9. Cutting test equipment.cceecececccsscscesescssscoccscsscccsanans
10. Radial runout measurement..cececeececcsscscsccscoscososccescncons
11. Axial runout measurement...ccecvecescecescsccscssscssscsccscons
12. Coolant SySteM.eeececssessecscoosscscscssscccsscscsscscscsnscsnsrcs

13. Average FG Shank diameter......00‘0-0.00.0-...00000-.....-.oo.o

14. Average SH shank diameter for all sampleS...ceeeececsccecccsons
E 15. Construction evaluation test exampleS.c.cecesecsesccscccosenacs
% 16. Average shank roughness for all sampleS....ceeecceccccccssoncess

" 17. Roughness test exampleS.eevessesscccsecssosscssssssssssosssncns

Average runout for all sampleS...ceeescccecccsoscrcoccscoscnnnse

Examples of durability test failureS.cecececscececocesscncnnnns

................

at. . - - - - . a = 2t - -. “ --" . - .- . - 7 - o -
PRI AP VA NI Sl S S [N P S . "WYY S S D, T T Y

o v

Page

87
97

101

119

15
15
16
16
17
18
19
20
21
22
22
23
24
25
26
27
28
29
30

R
NNy

e e
S I e
At ALL'

S

P
b s’

Sl
PON G U R

/
PRI

1~;;:.”T‘i




CONTENTS: Figures (Cont'd) Page

20. COFPOSion test EXamp]eSo..uto.onointcooooootoocoolouo.o.oooooo'n 31

21. G]ass p]ates with CUtS-.....-..-...........-o-o--o........-.-... 32

Tables

1. Specifications: Dental Diamond Rotary InstrumentS....eeeeeeeeeses 34

2. Grit PANGE.seececcecccccocacscscassossssscrsssssscsnssssssssssascsne 3D
i 3. Shank roughness test equipment..cececeocecscccsoscccscssscccasssss 39
i 4, Participating manufacturers and instrument designationS...eceeeees 36
5. Shank diameter failureS..eccesscscscccesceccccsscscecsanssssccncse 3/
6. Construction evaluation test failureS...eeevececsssvssesccncsssess 38
7. Shank roughness test failureS.cececcecssscsssccssssssssscscsassses 39

8. ConcentriCity test fai]ureS-cotoo.o..l...ol.l..ll!n.l...oo..otoooo 40

:
! 9. Durabi]ity test fai]urestii.........'......Ill.......'...'....l... 41
gﬁ 10. Corrosion test failures in a chemiclave sterilizer...cceeeeeeeeess 42

11. Corrosion test failures in an autoclave sterilizer.cecescscsscssss 43

12. Tota] depth of Cutoo.oo.o.oltnc0....00.0..c..oo-..u.co.ot..ooo.ooo 44

“ﬁAM{.lJA A0t

- 13. Remaining CUtting abilityeeeeeeececeseecevossesoccoosccsssccannsees 45
14. Failures of quality testS by typeeececesesecesccscscossessescscscses 46 :
15. Quality comparison by typP@eeeeecesrcsescsccssescscsssscssssscssase D2 !
:f; 16. Quality test failures, by manufacturer, for all instrument types.. 53
17. Quality comparison, by manufacturer, for all instrument types..... 54
18. Cutting performance comparison by tyP€eeeceecescesscesscssscsscasses 95

- 19. Performance comparison by manufacturer.c.eceeeescecesccsascnssscsess 56

DT RS o ParE > WA

c. B L e s . s . et .- . . .
DA S VAR Y VR T D o v PUPPERNE WIE LI i, S Y PN, DUV G IR Wt P UL T LY




ORI

0. aa'a g g

DENTAL DIAMOND ROTARY INSTRUMENTS

% Test and Evaluation
- INTRODUCTION

On 4 August 1977, the U.S. Air Force Dental Investigation Service was
A tasked with Project 78-2, Test and Evaluation of Dental Diamond Rotary Instru-
nZ ments, by the Office of the USAF Assistant Surgeon General for Dental
B Services. The purpose of the project was to identify those diamond instru-
ments of suitable quality for purchase by the dental departments of the uni-
formed services.

The basis for the test methods of this project was the proposed American

e Dental Association (ADA) specification for Dental Diamond Rotary Instru-
2- ments. These proposed test methods were followed as closely as possible; how-
- ever, some modifications were made to meet the specific needs of the U,S. Air

Force Dental Service. Most of the equipment for the tests was commercially
available. By use of minimal especially designed equipment, the tests can
easily be repeated in other laboratories.

This report describes the test methods, used for this evaluation and the
resulting data. The "Conclusions" section gives the final results of the test
and evaluation, and provides a comparison of the diamond instruments tested.

3

TEST METHODS AND EQUIPMENT
Dimensions

The proposed ADA specification has an eight-digit code for the identifi-

cation of various sizes and shapes of diamond instruments. Since these codes

- have not been 1implemented and the different manufacturers have their

- individual shapes, sizes, and identification systems for instruments, the test

- samples for this study were based on the diamond instruments most used by the
military dentists.

5: The nine-diamond instrument types that were carried on the federal stock
o table formed the test sample. Listed in Table 1 are these instruments and the
o specified dimensions to be met by the manufacturers.

tach diamond instrument was measured, to the nearest 0.001 mm, under a
r Gaertner 30X Toolmaker's Microscope (Figs. 1 and 2). The dimensions measured
- were: small head diameter, large head diameter, head length, overall length,
shank diameter, and head angle.

EDITOR'S NOTE: For the convenience of the reader, all figures and tables have g’

3 been grouped at the close of the text.
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The actual diamond grit was not measured during this study. The grit
range for the samples was based on the manufacturer's supplied grit, according .
to Table 2. -

Construction

- The criterion for the materials to be used in the construction of the
diamond instruments was for these abrasive and metal materials to be suitable >
for the intended use. The abrasive was to have even distribution, and the 4
binder matrix was to have minimal extension over the cutting surfaces of the
diamonds. 4

The proposed ADA specification called for visual inspection under a
5X to 8X microscope. In this study, the inspection was performed under a 30X
microscope. Each sample was examined for material suitability, diamond dis-
tribution, and matrix extension.

Shank Roughness

The proposed ADA specification sets a shank roughness 1limit of 20 uin
over a 5-mm cutoff length in the longitudinal direction of the straight por-
tion of the shank. Shank roughness in this study was tested by the equipment
listed in Table 3.

The diamond instrument samples were placed in a custom-made holder, and
" the motor drive stroked the chisel stylus probe in a longitudinal direction
. along 5 mm of the straight portion of the shank (Fig. 3). The roughness in
microinches was displayed on the digital readout. After three consistent
- roughnesses were read for the sample, a recording of the roughness was made by
the digital printout. The shank roughness test equipment setup is shown in
Figure 4,

Concentricity

To test the concentricity of the diamond instruments, the axial and
radial runout of the head and neck of the samples were measured. Before
_ the runout was measured, the samples were subjected to a run-in period. The
-~ instruments were placed in a Levin #16 or #23 collet which was mounted in a
. custom-designed chuck holder (Fig. 5).

A Bodine Electric Co. NSY-54 Fractional Horsepower Motor (Fig. 6) was
used to rotate the diamond instruments, hysteresis-synchronously, at
3800 rpm. A 2-1/4" x 2-1/4" x 1/4" glass plate (Knoop Hardness-530) was then
held against the diamond instruments under a 1-1b (454 g) load, and the
samples were allowed to cut for 15 sec (Fig. 7). Details of this test set-up
are shown in Figures 8 and 9.

After the run-in, the diamond instruments were rotated in a V-block under
a 30X toolmaker's microscope. Friction grip samples had 3/8 in. of the shank




resting in the V, and straight handpiece samples had 1-3/8 in. in the V.
These depths are representative of the length of shank that is inserted into a
handpiece.

Radial runout of the head and neck were measured as the difference
between the highest and lowest distance readings of a line, parallel to the
axis of rotation, that is tangential to a point on the sample during one com-
plete revolution of the instrument (Fig. 10).

Axial runout of the head was measured as the difference between the high-
est and lowest distance readings of a 1line perpendicular to the axis of
rotation that is tangent to a point on the sample during one complete revolu-
tion of the instrument (Fig. 11).

The proposed ADA specification 1lists a runout 1limit of 0.003 in.
(0.076 mm) for instruments with a head diameter of 0.5 in. (12.7 mm), and
0.006 in. (0.152 mm) for instruments with a head diameter greater than
0.5 in. For this study, however, the old ADA standard of 0.002-in. (0.051-mm)
runout was used as the upper limit.

Durability

The testing apparatus for durability was the same as that used in the
concentricity test run-in, Again, glass plates were used for cutting.
For this test, however, four 15-sec cutting periods were used with a 30-sec
cooling period between each cut. A 3-1b (1362-g) 1load and 3800-rpm speed
were used to accelerate instrument breakdown.

While this test was being designed, we noted that the sample instruments
became clogged with glass particles. Therefore, the coolant air and water
lines were salvaged from a discarded handpiece, and a minicoolant system was
fabricated for the test (Fig. 12). During the durability test, an air flow of
50 liters/min at 30 psi was used to remove the glass particles and to aid in
cooling the diamond instruments.

After the cutting had been completed, the samples were examined under a
30X microscope to evaluate how well the matrix material was able to firmly
hold the diamond particles. A diamond instrument failed the durability test
if more than 25% of the diamond particles were lost, or if excessive matrix
peeling occurred. A sample also failed if it broke during the test.

Corrosion

The proposed ADA specification called for boiling the diamond instruments
in distilled water, and then noting any corrosion after 24 hrs. In this
study, the instruments were tested more along the lines of use in Air Force
dental clinics. Since most Air Force installations are now using MDT Harvey
Chemiclaves for sterilization, these units were used for the corrosion test.

After being cleaned with denatured alcohol, the diamond instruments were
processed through 10 cycles of a Chemiclave 5000. After each cycle, the

.~ .
. . - .
Sad il o T o A ol o d g L a g ta Y b PP S

]
1
4

PO S W N I

NP TN TSNP LIICS © N AP

el bt ks R

PP A‘“‘L 4

bbbl e

DT

L,

PP )




e e e W W Lo Pt SR BRI CECER A i i A ot S S e W W T L W TR At i ML S
...... . . . c . S et .. . R . T R

samples were examined under a 40X microscope for corrosion, A diamond instru-
ment failed the corrosion test if more than 5% of the total instrument--or 2%
of the head--showed corrosion,

The samples were then processed through 10 cycles in an AMSCO Medallion
Autoclave to examine any increase that might occur from steam sterilization.
Again, the diamond instruments were examined under a 40X microscope after each
cycle.

Cutting Efficiency

.I, S

st et
. AP R AT
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The cutting efficiency test is not a part of the proposed ADA specifica-
tion. The test was designed to show which diamond instruments could cut most
efficiently and have the least loss of cutting ability over an extended period
of use. The equipment was the same as that used for the concentricity test
run-in and durability test.

Several practice runs were made to establish the length of cutting time
for this test. Times of 1less than one minute did not show a consistent
decrease in cutting ability. Two minutes was established as the time Tong
enough to allow a decrease in cutting ability, and short enough to prevent the
diamond instruments from cutting entirely through the glass plates. The dia-
mond instruments were rotated at 3800 rpm, and were used to cut glass plates
for five 2-min periods under a 3-1b (1362-g) load. The depth of cut was
measured under a 30X microscope after each 2-min cut.

.

NI v )

Also noted, in the practice runs, was the fact that air alone could not
sufficiently clean and cool the diamond instruments during the 2-min cuts.
Therefore, a spray of water (at 20 ml/min) and air (at 50 liters/min at
30 psi) were used during the cutting efficiency test.

[P SRS ¥ 3 S

EVALUATION OF DATA

Y T

Twenty-four diamond instrument manufacturers were contacted concerning K
the plans to test and evaluate samples in this study. Fourteen manufacturers s
responded with 5 samples of each of the 9 shapes that were tested. Since
no standard code exists for the identification of shapes and sizes of diamond
instruments, each manufacturer was allowed to provide their instruments that
most closely matched the specifications for the 9 shapes.

PP Y ST W)

Some of the graphs used in this evaluation represent a manufacturer by a
letter, instead of by name. Listed in Table 4 (etc.) are the participating
manufacturers, their designation for their samples, and the corresponding let-
ter used to identify their samples in the evaluation.

4

Dimensions i

Tabulated in Appendix A are the dimension measurements of the diamond :
instruments. Of the 600 samples tested, only 12 met all of the dimensions ;

[0}
o abodd.

L et et e . . - . L PO c . . -
PR TS PPN PSS S s o) PSPPI IPNR N ISP U . . PP SR WP S WP Ul PN S Y ST 1P, JURR. JNE WAUIT TS YT S NGty U S PR,




specified for the diamond shapes used in this study. Therefore, to compare
how well the manufacturers could comply with specifications, the shank diame-
ters (SD) were used to check compliance with the standard ADA specifications
for SD.

A friction grip (FG) instrument was considered to have failed the test if
its SD did not fall between 1.59 and 1.60 mm. A straight handpiece (SH)
instrument failed if it was not between 2.334 and 2.350 mm. Shown in Fig-
ure 13 are the average SDs of the FG instruments and, in Figure 14, the aver-
age SH diameters of all samples submitted by a manufacturer. Those manufac-
turers with no SH diameter either did not submit a type 5a sample (F,G,I1,J)--
or their 5a sample had an FG shank (B,C,K), in which case the sample was aver-
aged with the other FG instruments.

-‘LAL_A..AL.._. b kg ety e

several individual specimens did not meet the standard size. Given in Table 5

While the majority of the SD averages fell within the specifications, _j
is the total number of the respective specimens failing this test.

Construction

The results of the construction evaluation test are tabulated in Appen-
dix B. All samples submitted were made of material suitable for its intended
use; therefore, only the diamond distribution and matrix extension are listed
in the Appendix.

This test was failed by 117 instruments: 91, with overextension of the
binder matrix; 12, with an uneven distribution of diamonds; and 14, with both
uneven distribution and overextension. The number of specimens that failed -3
the construction test are given in Table 6. Examples of instruments that -
passed or failed this test are shown in Figure 15. g

Shank Roughness

Tabulated in Appendix C are the shank roughness readings for all the
specimens tested. Shown in Figure 16 is the average roughness of all the
instruments of each manufacturer. Although the average roughness for all the
samples fell under the specified roughness, several individual specimens
exceeded the limit. The respective numbers of instruments failing the rough-
ness test are given in Table 7. SEM pictures of smooth and rough shanks are
shown in Figure 17.

Concentricity

Appendix D contains the radial and axial runouts of the sample instru-
ments. Shown in Figure 18 is the average runout for all the samples of each
manufacturer., While the average for each manufacturer did not exceed the
specified limits of radial and axial runout, several instruments did fail; and
these are listed in Table 8.

)
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Durability

Tabulated in Appendix E are the durability test data. Listed in Table 9
is the respective number of durability failures for each manufacturer. Exam-
ples of durability test failures are shown in Figure 19,

Corrosion

Tabulated in Appendix F are the data from the corrosion test. Listed in
Table 10 are the number of instruments that exceeded 5% corrosion after 10
cycles in a Chemiclave sterilizer; and, in Table 11, the number of failures
after 10 cycles in an Autoclave sterilizer. Examples of corrosion under scan-
ning electromicroscope (SEM) are shown in Figure 20.

Cutting Efficiency

Presented in Appendix G are the cutting efficiency test data. Examples
of the cuts on gliass plates are shown in Figure 21. Given in Table 12 is
a comparison of the total depth of cut over the 10 min of cutting.

(The Type 5a samples for Premier and Venture Technology are not consid-
ered in the comparisons because their samples were knife-edged, instead of the
specified round-wheel shape. Therefdre, their cutting exceeded the capabili-
ties of the test equipment and could not be evaluated.)

Because of the wide variety of shapes, sizes, and grits supplied as sam-
ples, the depth of cut should not be the only factor observed for the cutting
efficiency test. Another aspect of this test is how much cutting ability
remains after the 10 min of cutting. Shown in Table 13 are the respective
percentages of cutting ability remaining at the end of the cutting efficiency
test. (Types 2a and 5a are not included in the total average, because not all
manufacturers provided samples for these shapes.)

CONCLUSIONS

Listed in Table 14, by type, is the respective number of quality test
failures for each manufacturer. A comparison of the total quality test fail-
ures by type is given in Table 15. A relative quality ranking of manufactur-
ers, by type, is thus provided.

Given in Table 16 is the total number of failures of all the quality
tests by manufacturer. This overall relative quality ranking of manufacturers
is presented in Table 17.

A comparison of the sample cutting performance by type is given in
Table 18. This Table shows the total depth of cut for each manufacturer by
type. A relative performance ranking of manufacturers by type is thus pro-
vided.

10
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Given in Table 19 is an overall relative ranking of manufacturers for
performance. For this ranking, the types 2a and 5a were not included; for
not all manufacturers provided samples of these types. The total depth of cut
in this table is the average total depth of cut of all other samples of the
manufacturer.

In brief, this study provides a means of comparing the quality and per-
formance of dental diamond rotary instruments, and thus aids in the selection
of those suitable for use by the Air Force Dental Service.

11

~ -~ - . - . - M ., .
ST VUL SRR, TSP . T, CL R Y W V. S, P U

L

-V PP NP TP U S SRS v N W TR SR VLA S SR SRR VARIY S U

.o . 4. L .
. AR | L
sl 40 b koot Loty

adan o

| N



DI

Cme 2he Abe ghed

AN

hARNEMAAR LA b M

1-21

FIGURES

b AR

13




ey Jliu‘q. ..-...4...J.4-4.. ARG I,M.-I Ty

‘. - e
. ]
3
- (2d02S0ud W XQE 48pun JuawiniSul y
1 puowe((j) *juawasnsesw uoLsuawlg 7 w;:m.i *9d00SOUILU S, 43NRW({00F XOE 4BUIUILY [ Bunbyy 1
i.. .I/, ..._
--. -
ﬁ..

i)

Qe Nirta "I "I

o L B W P S § M c b y




L
NP W Ty ¢

t PN T
‘.;._L.A_ii“tu PRSP ey W

Figure 3. Chisel stylus probe. {1 = probe; and 2 = diamond instrument)

Figure 4, Shank roughness test equipment. (1 = motor drive; 2 = surfana-
lyzer; and 3 = digital printout)
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Custom-designed chuck holder = 1; and

Figure 5,
diamond instrument = 2.
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Figure 8. Test equipment. (Schematic drawing)
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Radial runout measurement.

Figure 10.

Axial runout measurement.

Figure 11.
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(For key to letters designating manufacturers, refer

to Table 4, etc.)
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Figure 17,

Roughness test examples.
(1 = rough shank; and 2
shank)
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TABLES 1-19

EDITOR'S NOTE--Throughout these Tables, instrument types
are designated as:

la, 1b, 2a, 2b, 2c, 2d, 3a, 4a, and 5a.

For additional information on these types of in-
struments, please refer to page 34 :

Table 1. Specifications: Dental Diamond
Rotary Instruments
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TABLE 4. PARTICIPATING MANUFACTURERS AND INSTRUMENT DESIGNATIONS

|nstrusent Designation

1D WAWFACTURER la AT "R 1Y 2 2 3 2 s

A Brasseler 8017016 68017023 856/025 8%6/016 8855/012 B83%6L/018 909/040 8888/012 909/065

B8 Olama 801/4 801/6 TI2/12 850/% 852/4 852/6 909/14  B62/SF 909/014

c Jaro B-4 8-7 T14=7 769.9 TI0-8XF  770=-12F 110 265~8 1

0 Ml tex 8017016 801/027 NONE 850/016 849/014 850/018 0679 0627 909/060

E Premier 120-C 135-C 780.9C L760,9C 799.6.5VF L770.8F 863.C 265.6,5C X-889C

F Ramsom & Randolph 123 134 7712X9 770%9 T69X9 T71X9 862 260X8 NONE

G Regency R=-100 R-104 T=526 T-527 T=-531 T-702 oW F=903 NONE

H Repco 18M L : 459 1721 2z 470 MRT 1A 2P

i Shofu n874 0876 0837 0832 832F 835F 0885 B40F NONE

Jd Se Se White 801/014 801/018 854{0!6 F858/014 F862/12 FB859/016 909/042 FB860/012 NONE

K Stor o4P o 774=" TI1-9m T71=-7P 772-8F 1105f 270=-TM 111P

L Teledyne Densco 88 68X 207 1/2 OTL 1DT=SF 10T=LF 2 1/2 3 1/8 AF 31724

L] Yenture Technology 123 134 NONE 770.9 171.7 TT1.9F 862 265, 5F vD8es9

N Yic Poltard R R 84R 101R 6IR 102R 202R 63FL HP205R
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TABLE 5. SHANK DIAMETER FAILURES ' 1

Nusber of Fallures® '_'j

Total —d

Diameter 4

1D MANUFACTURER la 1 2 2 2 2d 3a s 5 Fallures 1

A Brasseler 0 0 0 0 0 0 0 0 0 0 -

8 Diama 0 2 2 0 0 0 0 0 0 4 ,'“-:j

C  Jsro ! ° 0 0 0 0 3 ° 0 4 g
0 Mlitex 1 0 NA ) i ° 4 0 0 7
E  Premler 0 o 0 0 0 1 0 0 5 6
F  Ramsom & Randolph 0 0 0 2 1 0 0 0 NA 3
G Regency 2 0 0 0o 0 1 0 0 1) 3
H  Repco 0 1 1 0 0 0 1 1 3 7
1 shotu 0 0 o 0 0 0 0 ° NA 0
J S S. White 0 0 0 0 0 0 1 2 NA 3
K Ster o 2 0 0 0 0 0 0 0 2
L Teledyne Densco 0 0 0 ] 0 [ 0 1 0 1
M Venture Technology 0 0 NA 0 0 0 0 t 5 6
N Vic Pollard 0 5 5 5 5 2 -5 2 1 30

* Samples failed this test if FG shanks did not measure between 1.60 and
1.59 mm, and 1f SH shanks did not measure between 2,350 and 2,334 mm,

NA ~ Manufacturer did not submit this shape for testing,
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' TABLE 6. CONSTRUCTION EVALUATION TEST FAILURES
Number of Fallures®
Total
" Construction
. 1D MANUFACTURER Ja 1 2 2 2 2 3a 4 38 fallures
N A Brasseler 1 \ o 2 1 o s o 0 6
: B Dlam o 0 0 0 1 s 0 0 () 6
c Jaro 5 5 0 0 0 o ] ° 5 20
D Miltex o 5 NA 0 o ° 2 1 2 10
‘\ E Premier 0 ()} o 0 [ 1 0 0 0 1
;j F  Ramsom & Rendolph 0 0 0 0 1 0 0 ; ) 2
- G Regency 2 1 ) 0 ) ) 5 0 M 8
. H  Repco 5 (] 0 o ° 0 2 0 3 10
f: | Shotu ' 2 1 0 ° o 5 2 NA "
: J  S. S. White s 3 2 ° 1 3 0 2 NA 16
. K Star 3 0 ° 1 2 ° o 0 o 6
';_, L Teledyne Densco 1 0 0 0 0 0 0 1 0 2
- M Venture Technology 1 1 M0 4 0 2 0 4 12
-~ N Vie Pollard s 0 0 0 1 0 1 ° o 7
* Samples failed this test if they did not have an even distribution of
‘-;‘. diamonds, or if the binder matrix was overextended.
- NA - Manufacturer did not submit this shape for testing.
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TABLE 7. SHANK ROUGHNESS TEST FAILURES

Number of Fallures*

Total
Roughness

1D MOLFACTURER la 1 22 2 22 24 3 4 e  Faliures

A Brasseier ] 4 1 [ 0 2 0 0 0 7

8 Olome 0 0 0 0 0 0 0 0 0 0

c daro [} 0 5 0 0 0 1 0 5 n

/] Mi §tex 2 0 NA 0 0 0 0 0 3 5

E Premier 0 0 0 0 0 0 2 0 4 6

F Ramsom & Randolph 3 2 1 2 [ 0 0 0 NA 8

G Regency 0 1 4] 0 0 0 2 0 NA 3

H Repco 0 0 0 0 0 0 0 0 [+] ]

| Shotu 0 0o 0 [} [+ 0 [} 0 NA 0

J Se S White 0 [ 1 1] 3 ! 4 2 NA [}

K Star [ 0 0 3 0 4 0 0 0 7

L Teledyne Densco 0 0 0 0 0 0 0 [} [} 0

] Venture Technology [ 0 NA (] [+] Q 0 0 [} ]

N Vic Pollard ] -] 0 1 0 [} 0 1 0 2 s

® ~ Samples falled this test if thelr shank roughness exceeded 20 microinches.

NA = Manufacturer did not submit this shape for testing.
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TABLE 8, CONCENTRICITY TEST FAILURES 1
. Number of Faillures® 3
Total 4
Concentricity 3
10 MANUFACTURER la I 2 2 2c 2 3a 4 38 Fallures 1
A Brasseler Q 0 0 o 0 0 0 0 0 Q
8 Diame 0 0 1 1 1 1 1 0 0 5
C  Jaro 0 0 0 5 0 1 0 0 0 6
D Miltex 0 0 NA 2 0 0 0 0 0 2
E  Premier 0 0 [+ 0 0 0 0 0 1 t
F Ramsam & Randolph 0 0 0 1 1 \ 0 0 NA 3
G Regency 2 0 0 ] 1 0 0 0 NA 3 1
~ K Repeo 0 0 1 0 0 0 2 0 1 4 ]
‘:. {
. 1 Shofu 0 0 0 0 0 0 ] 0 NA 0 ’
'.‘- .
. J Se Se White 1 0 1 2 3 2 0 0 NA 9 ‘
X Star [ 0 0 [ 0 0 0 0 0 0 '
L Teledyne Densco 0 0 0 0 0 0 0 0 0 0 R
L] Yenture Technology 0 0 NA 1 1 1 0 1 0 4 E
N Vic Pollard 1 0 0 1 0 0 0 0 1 3
<
* ~ Samples talled this test If they exceeded 0.031-mm eccentricity. "
NA - Manufacturer did not submit this shape for testing. ;
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TABLE 9. DURABILITY TEST FAILURES

Number of Fallures®

Total
Ourabltity
1D MANUFACTURER la 1 2 2b 2¢ 2d 3a 4 EY Failures
A Brasseler 0 [ 0 0 0 1] 1 0 0 1
-] D1ama 0 0 1 0 0 0 3 Q ] 4
c Jaro 2 0 1 0 0 0 0 ¢ 0 3
0 Mi | tex 0 ] NA 0 0 0 0 0 0 0
£ Premier 0 0 0 0 0 0 0 0 0 0
F Ramsom & Randolph 1 0 0 0 [+} Q 0 0 NA 1
G  Regency s (] 0 o 0 0 0 0 NA s
H Repco 0 0 0 0 0 0 0 0 0 0
| Shofu 0 0 0 0 0 ) [ 0 NA 0
J Se Se White z 0 0 0 0 1 0 5 NA 8
K Star 0 0 0 0 [} 0 0 0 0 0
L  Teledyne Densco 1 0 o o o o 0 0 (] 1 :'.
M Venture Technology 0 0 NA 0 0 0 5 0 0 5 ) }
N Vic Pollard 5 0 0 5 0 0 0 0 0 10 -'j
1
* - Samples talled this test If they lost more than 25§ of their abrasive or had excessive blnder matrix :

peel.

NA = Manufacturer dld not submit this shape for testing.
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TABLE 10. CORROSION
MANUFACTURER da i}
Brasseler 0 4]
Dlama 0 0
Jaro 2 [
M] | tex 0 0
Promier 0 0
Ramsom & Randolph 0 0
Regency ] o
Rey = 0 0
Shofu 0 0
Se S. White 0 0
Star 0 0
Teledyne Oensco Q Q
Yenture Technology 0 [+]
Vic Pollard 0 ]

TEST FAILURES IN A CHEMICLAVE STERILIZER
Number of Fallures*

Total
Chemiclave

2 2 2 2 3 4 5 fallues

0 0 0 2 1] 0 1] 2

[ 0 1] [ 0 0 1 !

0 1 0 0 a 2 0 5

NA 0 0 1 0 Q ] 1

0 0 0 0 o 0 0 0

0 2 0 0 1 4] NA 3

(] o] 0 0 2 0 NA 2

0 0 0 1] 0 0 0 0

[+] o [+] ] 0 0 NA 0

4] 0 Q 0 0 0 NA 0

[+] 0 0 0 0 ] 0 0

Q Q Q Q Q 1] ] 0

NA [+] 0 0 0 0 0 o]

0 0 0 "] 0 0 [+] 0

* Samples failed this test {f more than 5%
the head, had corrosion, of the shank, or 22 of

NA - Manufacturer did not submit this shape for testing,
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TABLE 11. CORROSION TEST FAILURES IN AN AUTOCLAVE STERILIZER

Number ot Failures®
Total
Autoclave
1D MANUFACTURER la jIy 2 Fy 2 2d 3a s Sa Fal lures
A Brasseler ] 0 0 0 1 2 [ 0 0 3
B Olama 0 0 5 0 1 [} 0 0 2 8
c Jaro 2 3 5 4 5 3 [+] 3 0 25 }
D Mlltex 0 0 NA 0 0 1 1 d 0 2 g
E  Premier ° 0 0 0 0 0 0 0 0 0 ]
F Ramsom & Rando!ph 0 0 0 3 2 2 i 5 NA 13 g
G Regency 0 0 0 0 0 0 4 0 NA 4
H Repco 1 1 2 0 0 0 1 0 1 6
1 Shofu Q 0 0 0 0 0 0 0 NA 0
J Se S. White 0 0 [+] 0 0 [} 0 0 NA 0
K Star 0 [ [ 0 0 Q 1 (1] Q 1
L Teledyne Densco 1 1 0 0 0 0 5 0 5 12
M Venture Technology 1] 0 NA 1 1 1 1 4 0 8
N Vic Pollard 0 0 ] 1 0 2 0 2 0 5

* . Samples failed this test if more than 5% of the shank, or 2% of the
head, had corrosion.

NA - Manufacturer did not submit this shape for testing.
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TABLE 12, TOTAL DEPTH OF CUT (MM)*® -
3
1D WAWEACTURER la B B 2 4 2 & 5 - 4
<
A Brasseler 38,1 32.4 4.7 Se7 6.0 4.7 Se4 4.8 7.8 "4
R |
8 Diame 97.9  85.7 5.2 5.0 8.8 8.9 4.4 3.0 5.5 o
-4
C  Jaro 106,2 111.1 18,7 18,3 22.3 28.2 60.6 20.7 51,6 R
wmahead
D Miltex Tad 1143 MA 18,5  22.0 8.0 4.7 4.8 6.3 .{
4
E  Premler 150.8 128,7 Broke 28.1 32,6 3l.4 1329 30,9 NA _
T
F  Ramsom & Randolph 130.5 95,6 22,8 27.1  27.1 25,0 59,2 19,8 NA ~71
. 4
G Regency Broke 4.3 20,6 15.4 8.1 1541 5.7  19.8 NA "
H  Repco 88.9  88.7 25.1 Broke 20.2 Broke 95.5 Broke 72.3
| Shofu 81,0 856 25.0 27.3 28,3 26,8 102,7 23,4 NA
J S, S. White 98.2 4.5 3.7 12,0 Broke 9.3 5.2 8.9 NA
K Ster 114.2 90,4 32,9 29,3  30.4 24,6 Bl.4 32,8 9.7
L Teledyne Densco 128.0 120,2 35,9 30.0 26.3 29.2 123.7 29.7 87.8
M Yenture Technology 32.4 52,0 NA 25.9 30.1 13.9 18,0 16.0 NA
N Vic Pollard 15.2 3.5 158 Broke 6.0 Broke 67,9 17.2  43.4

-

* This test included five 2-min cuts {10 min of cutting) on plate
glass. This Table shows the average total of the five cut

-

g depths,

g

3 Broke - A11 five samples were broken, so no depth could be measured.
\

]

NA - Manufacturer did not provide this shape for testing.
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TABLE 13. REMAINING CUTTING ABILITY (£)*

1D MANUFACTURER la Ib 2 2 2 2d 32 A 3a i

A Brasseler 62,4 57,3 72,5 8.8 68,0 56,7 67.9 64.2 71.8 ;

B Olama 46,2 47,1 69,7 62,1 42,6 43,1  58.4 56,3 85,0 9

cC laro 69,2 75,3 34,0 38,0 42,1 45.4 49,7 45,6 50,0 .

D Miltex 84.8 51.8 M 63,2 52,6 61.3 64,1 7.1 820 .
E  Premler 90,6 70,2 Broke 43,6 5.1 51.5 663 62.7 NA
F  Ressom & Randolph 90,0 47.7 24.3 39,1 346 22,0 38,3 123 NA
G Regency Broke  78.9  45.3 46,6 43,9 503 68,5 36,4 NA

H  Repco 39,7 51.7 32,4 GBroke 39.9 Broke 80,2 Broke 18.8

| Shofu 69.0 64,2  36.1 49,1 50,1 44,2 38,2 34.0 NA ]

4 S. S. White 62.3 84,1 TI,7  79.4 Broke 68,3 73,5 63.8 NA
XK  Ster 67.2 36,6 67,2 49,8 45,2 36,4 78,1 559  30.)

L Teledyne Densco 77.8  73.3 49,6 35,9 28,3 40,5 64,0 47.8  28.6 i

M Venture Technology 50,3 543  MA 45,6 57,9 35.8 60,3 36,8 NA 3

N Vic Poltard 42,8 58,2 49,5 Broke 78,4 Broke 52,3 34,2  32.6 ?

'J

* This test fncluded five 2-mif cuts on plate glass, The remaining ?

cutting ability, after the 10 min, was calculated by dividing 3

the average depth of the fifth cut by the average depth of the 5

first cut. 1

Broke - A1l five samples were broken, so no depth could be measured. |

NA - Manufacturer did not provide this shape for testing,
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. TABLE 14, FAILURES OF QUALITY TESTS BY TYPE (1a to 5a)
Type la
DIMENSION CONSTRUCTION ROUGHNESS CONCENTRICITY DURABILITY CORROSION  TOTAL
1D MANUFACTURER TEST TEST TEST TEST JEST TEST FAILURE

, A Brasseier 0 1 [} 0 0 [+] 1
‘_: 8 Dlama 0 o ° o o o o
::_ c Jare 1 s 0 0 2 2 10 1
o D Mlltex 1 0 2 0 o 0 3 —3

E  Premier 0 0 ()} 0 ° 0 0 .i

: F  Ramsom & Randolph 0 0 3 0 1 0 4 :j:;
- 6 Regency 2 2 o 2 5 0 1" i
& H Repco 0 5 0 0 0 1] 5 —l

.

. I Shotu 0 1 o 0 0 0 1 ?
J S, S. wWhite 0 5 0 1 2 0 8
5 K Star 0 3 0 0 0 0 3 .i_'-i
Y L Teledyne Densco 0 1 0 Q 1 V] 2 "

M Venture Technology 0 1 0 ] (] 0 1 ’_-4

g N Vic Pollard 0 5 0 1 5 0 " _l.:

-

Type 1b -]

A Brasseler o 1 4 [} [} 0 5 7 ‘1:
B Diame 2 0 0 0 0 0 2 1

1 =)
: c Jaro 0 5 0 0 0 "} 5 o
) 0 Mittex 0 5 0 0 0 0 5 -

E Premler 0 0 0 0 0 0 0 _M#

. F Ramsom & Randoiph 0 0 2 0 0 [} 2 o
. G Regency 0 1 1 0 0 0 2 ::'
j H  Repco 1 0 0 0 0 0 1 .;'_t

I Shotu 0 2 0 [} 0 [} 2 ’_1:

- J Se Se White 0 3 [¢] 0 0 0 3

o
A4

’

.
3
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TABLE 14, FAILURES OF QUALITY TESTS BY TYPE

[
Typs b (Cont'd)
DIMENSION  CONSTRUCTION  ROUGHNESS CONCENTRICITY OURABILITY CORROSION  TOTAL
D MANUFACTURER TJEST TEST TEST TEST JEST TJEST FAILURE
K Ster 2 0 0 0 0 0 2
L Teiedyne Densco 0 0 0 0 0 0 0
L] Yenture Technology 0 1 Q ] 0 0 1
N Vic Pollard 5 0 0 0 0 0 5
Type 2a
A Brasseler [+] 0 1 0 0 ] 1
-} Diamn 2 [] 0 1 1 0 4
[+ Jaro 0 0 5 0 i 0 6
0 Ml | tex NA NA NA NA NA N§ NA
E Premler 0 0 0 0 0 0 0
F Ramsom & Randolph 0 0 1 0 0 0 1
G Regency 0 0 0 [} 0 0 0
H Repco 1 0 [} 1 a ] 2
1 Shotu 0 1 "] 0 0 0 !
J Se Se White 0 2 1 1 [} 0 4
K Star 0 0 1} [} 0 0 0
L Teledyne Densco 0 [+ 0 0 0 0 0
L] Yenture Technology NA NA NA NA NA NA NA
N Vic Pollard 5 0 0 0 0 0 5
Type 2b
A Grasseler 0 2 0 0 0 0 2
-] Ol ame [+] 0 0 1 0 [} 1
c Jaro 0 0 0 5 (Y 1 6
0 Ml tex 1 0 0 2 0 0 3
v
o
.:._.'
.
i
voe
(N
Ko
b 4
bl
"4

] 3
AT




TABLE 14, FAILURES OF QUALITY TESTS BY TYPE

Type 2b (Cant'd)

Jo  MANUFACTURER JEST JEST JEST JEST
) €  Premier o o o o
.
- F Ramsom & Randolph 2 0 2 1
G Regency ] 0 o ]
H Repco [} 0 0 0
.‘ b Shotu 0 o 0 0
:: J 5. Se White o 0 0 2
N K St 0 1 3 o
L Teledyne Densco 0 0 [*] 0
- L] Yenture Technology 0 0 0 1
- N Vic Pollard 5 0 ] ]
Type 2¢c
A Brasse!er 0 1 [} 0
‘ 8 Diame 0 1 0 1
B C  Jaro 0 ° ] ]
D Miitex 1 0 0 0
. E Premler 0 0 [+] 0
2 f  Ramsom & Randoliph 1 1 0 1
::: G Regency o ° 0 1
M Repco 0 0 0 °
! Shofu 0 ] 0 0
4 5. S. Wnite 0 1 3 3
K Ster ° 2 0 0
: L Teledyne Densco [} o] [} 0
L] YenTure Technology [+] 4 [+] 1

Vic Pollerd 5 1 0 Q
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TABLE 14. FAILURES OF QUALITY TESTS BY TYPE ‘
Type 2d . i
—d
DIMENSION  CONSTRUCTION  ROUGHNESS CONCENTRICITY DURABILITY CORROSION  TOTAL 1
1D MANUFACTURER TJEST TEST JEST TEST IEST JEST FAILURE 3
A Grasseler 0 0 2 0 0 2 4 5
8 01 amn 0 S [+ 1 0 o] 6
[ Jaro 0 0 0 1 [+] 0 1 —4
D Miltex 0 0 0 0 0 1 1 i
€ Premler 1 1 0 0 0 0 2 ;
F  Ramsom & Randolph 0 0 0 1 o 0 1 ;:j
6  Regency 1 0 0 0 0 0 1
H Repco 0 0 0 0 1] 0 0
| Shotu [ 0 [} [/} 0 0 0
J S. S. White 0 3 1 2 1 0 7
K Star 0 0 4 [ Q 0 4
L Teledyne Densco 0 [ [ 0 0 4] Q
M Venture Technology 0 0 0 1 0 0 1
N Yic Pollard 2 0 0 0 0 0 2
Type 3a
A Brasseier 0 1 0 0 1 0 2
8 Dlame 0 0 0 t 3 0 4
c Jaro 3 5 1 0 0 0 9
D Ml tex 4 2 o 0 0 0 6
E Premier 0 0 2 [ 0 0 2
F Ramsom & Randolph 0 [+ Q [+] 0 1 1
G Regency 0 5 2 0 0 2 9
H  Repco ! 2 0 2 0 ] 5
| Shofu 0 H 0 0 0 0 S
J Se So White 1 0 4 0 0 0 5
49
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TABLE 14. FAILURES OF QUALITY TESTS 8Y TYPE ‘.4
Typs 3a (Cont'd) _j
DIMENSION  CONSTRUCTION  ROUGHNESS CONCENTRICITY  DURABILITY CORROSION  TOTAL 1
1D MANUFACTURER TEST. JEST JEST JEST TEST TesT FAILURE
K Star 0 ) ° ° 0 ) 0 »
L Teledyne Densco 0 0 0 0 0 0 0 <
M Venture Technology 0 2 0 0 5 0 7
N Yic Pollard 5 1 0 0 0 [} 6
Jype 4a
A 8rasseler 0 [«] 0 0 0 0 0
8 Diama [ 0 Q 0 0 0 0
c Jaro 1] 0 0 0 0 2 2
0 Miltex [} 1 [ 0 0 0 1
E Premier 0 0 0 0 0 0 (]
F Ramsom & Randolph 0 1 Q 0 [} 0 1
G Regency 0 0 0 o ° 0 0
H Repco 1 0 0 0 0 0 1
| Shofu 0 2 1] 0 ] 0 2
J Se S« White 2 2 2 0 5 0 n
K Star 0 Q 0 0 0 0 0
L Teledyne Densco 1 1 0 [ 0 0 2
M Venture Technology 1 0 0 1 ()} 0 2
N Vic Pollard 2 0 \ [} 0 0 3
Type Sa
A Brasseler 0 [} 0 ] ] Q Q
8 Dlama 0 0 0 0 0 t 1
c Jaro [*] 5 5 0 0 0 10
D Miltex 0 2 3 0 0 0 s 3
50
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I

MANUFACTURER
Premier

Ramsom & Randolph
Regency

Repco

Shotu

Se Se White

Star

Teledyne Densco

Venture Technology

Yic Poltard

TABLE 14,

FAILURES OF QUALITY TESTS BY TYPE

Type 5a (Cont'd) -

DIMENSION  CONSTRUCTION  ROUGHNESS CONCENTRICITY DURABILITY GORROSION  TOTAL
JEST Test JeST JEST Jest JesT FAILURE
5 0 4 1 0 0 10 -
NA NA NA NA NA NA NA
NA NA NA NA NA NA NA
3 3 0 1 0 0 7
NA NA NA NA NA NA NA
NA N NA NA NA NA NA
0 0 ] 0 0 0 (]
0 0 ] 0 0 0 0
5 4 0 (] 0 0 9
1 0 0 1 0 0 2
51
LT g L

B

hbhid o otk d o

g

AP

RS l'




N TABLE 15. QUALITY COMPARISON BY TYPE 4
3 ]
-
E NUg?_ER TYPE OF DIAMOND _ﬂ
¥ FAILURES| 1a 1b 2a 2b 2¢ 2d 3a 4q Sa o
. 2 BE Bl | ECKL | CEHIL L HIL & KL [ ABEGK] AKL |
- 1 AIM | HM | AF] M ADG | CDGFM F DF| B .
3 2 L BFGIK H AJ BK EN AE CILM N
3 DK oJ D F
4 E BJ K AK B
] H ACDN N M D
6 c _C B H1J
7 E J H
8 J M
] M
19 C CG CE |
11 GN J
12
13 N
14
16
NO SAMPLE DM FGIJ

NOTE: For key to letters (indicating manufacturers), refer to Table 14,
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TABLE 16. QUALITY TEST FAILURES, BY MANUFACTURER, 1
FOR ALL INSTRUMENT TYPES 4

"1

1

NUMBER OF FAILURES MANUFACTURER ]

- -2

; 3-4 L
. &5

y 7-8

319
! 11-12
13-14 E .
15-16 KA i
17-18 t
19-29 B,F
21-22

23-24

25-26

21-28
29-30

31-44

45-48

| 47-48 J
; 43-58 C
51-52
53-54 C N
55-56

—

jur g L} {ap ] s o) )

e e e g gamie e g . - a——— o s ——

NOTE: Manufacturers D, F, G, I, J, and M had 40 samples, and
all others had 45 samples. For key to letters (designat-

ing manufacturers), refer to Table 14,
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TABLE 17, QUALITY COMPARISON, BY MANUFACTURER, FOR ALL INSTRUMENT TYPES :{
=
DIMENSION  CONSTRUCTION  ROUGHNESS  CONCENTRICITY  ODURABILITY CORROSION  TOTAL . 4
MANUFACTURER TEST TEST TEST TEST TEST TEST* FAILURES -
I D - — - I — - 4
Brasseler 0 6 7 0 1 2 16 )
Olama 4 6 0 5 4 1 20
- "‘
Jaro 4 20 n 6 3 5 49
Mi [tex 7 10 5 2 0 1 25
Premier 6 1 6 1 [} Q 14
Ramsom & Randoliph 3 2 8 3 1 3 20
Regency 3 8 3 3 5 2 24
‘ Repco 7 10 0 4 0 ) 21
.
[ I Shofu 0 " 0 0 0 0 1
L
N J S. S. White 3 16 1 9 8 0 47
--
K Star 2 6 7 0 0 Q 15
; L Teledyne Densco 1 2 0 0 1 0 q
X
M Yenture Technology 6 12 0 4 S 0 27
2
t- N Vic Pollard 30 7 2 3 10 0 52
.l
5
b * - Only chemiclave failures are included for this comparison,
.
|
-‘
-
54
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F TABLE 18, CUTTING PERFORMANCE COMPARISON BY TYPE

TOTAL TYPE OF DIAMOND
DEPTH OF
CUT(mm)| o ib 2a 2b 2¢ 2d Ja 4a 9a

148-158 | E
120-138 | FL
189-119 | KC | CD ]
95-99 | BJ
99-94 K K
85-89 | H | BHI L
80-84 | 1 K
75-19
5 78-714 | D H
© 65-69
F 60-64
- 55-59
% _5B-54 M C
3 46-49 |
; 40-44 N
35-38 | A L
30-34 | M A K L | EKM| E EK
25-29 | HI | EFIKM| FIL | CFIL L
20-24 | FG COH | K Cl
{5-19 | N CN_| C6 | 6 6 M | FGMN
114 | J M
5-9 B | AB | ABN | BDJ | AGJ| J | ABD
p-4 | 6N | AJ A BD | ABD
_BROKE i 6 E | HN J | N H _
Mo SAMPLE DM EFGIJN

MOTE: For key to letters (indicating manufacturers), refer to Table 14,
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TABLE 19, PERFORMANCE COMPARISON BY MANUFACTURER

TOTAL DEPTH OF CUT

(mm)

MANUF ACTURER

80-84

15-19

10-74

65-69

60-64

55-59

58-54

45-49

4944

35-39

38-34

25-29

20-24

15-19

-
=

19-14

>
=

5-9

g4

to Table 14,

NOTE: For key to letters (indicating manufacturers), refer

56
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APPENDIXES A-G

EDITOR'S NOTE--Throughout these Appendixes, instrument
types are designated as:

la, 1lb, 2a, 2b, 2c, 2d, 3a, 4a, and 5a.

For additional information on these types of instru-
ments, please refer to page 34 :

Table 1. Specifications: Dental Diamond Rotary
Instruments -
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APPENDIX A -
DIMENSIONS <TEST  DATA s

- 4
Head Shank "
1D MANUFACTURER . Diameter mm Length mm Dlameter mm
A Brasseler 1 1.532 19,116 1.593 N
2 1,544 19.113 1,591 "
3 1.522 19,110 1,594 :
4 1,524 19,115 1,591
5 1,535 19,106 1.592
Ave. 1,531 19.112 1,592
8 Jiama 1 1.528 18,433 1,594
2 1,509 18,432 1,595
3 1,531 18.431 1,594
a 1.530 18,417 1.596
5 1,523 18,423 1,595
Ave. 1,524 18.427 1,595
c  Jaro 1 1,549 16,803 1.600
2 1.524 16,789 1,599
3 1.533 16,812 1,600
4 1.497 16,777 1.606
5 1,529 16.799 1,600
Ave. 1.526 16,796 1,601
0D Miitex 1 1,542 19.056 1.588
2 1,559 19.061 1,590
3 1,548 19,053 1,593
4 1.558 19,052 1.594
5 1,534 19,064 1,596
Ave. 1.548 19.057 1.592
€ Premior 1 1.547 17,064 1.595
2 1,543 17,046 1.598
3 1,534 17,036 1.594
4 t.521 17,027 1,598
] 1,527 17,042 1,595
Ave. 1,534 17,043 1.596
F Ramsom & Randolph 1 1.512 17.374 1.597
2 14536 17,376 1,597
3 1.517 17.368 1,599
4 1.524 17,701 1,596 -
5 1.512 17.378 1.595 -
Ave. 1,520 17,439 1.597 o
G Regency V 0.857 19,011 1,588 .
2 0.879 19,017 1,595 4
3 0.858 19,012 1,592 1
4 0.881 19,020 1,588
5 0,884 19,047 1,592
Ave, . . o -]
.Y
.
LY
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1
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APPENDIX A (Cont'd)
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Head Shank
1D MANUFACTURER . Diameter mm Length mm Diameter mm R
H  Repco 1 1,609 19.357 1.597 ~
2 1.599 19.367 1.598 -
3 1.601 19.402 1.593 p
4 1.598 19.364 1.592 1
5 1,604 19.383 12591 -
Ave. 1.602 19,375 1,594 a
M
l Shotu 1 1,570 19,164 1,596 K
2 1,565 19,175 1.598 _j
3 1.556 19.180 1,598
4 1.561 19,170 1,598 i
5 1,580 19,202 1,595 "3
Ave. 1,566 19.178 1.597 f.1
4 S. S. White 1 1.383 20,033 1.599
2 1,390 20,020 1.598 :
3 1.367 20,007 1.599
4 1,369 19.974 1.597
5 1.388 20,053 1,599
Ave. 1.379 20,017 1,598
L
K Star 1 1,458 16,688 1.595
2 1,452 16,737 1,593
3 1,438 16,706 1,593
4 1436 16.728 1.597
5 1,447 16,696 1,593
Ave. 1.446 16,711 1,594
L Teledyne Densco 1 1,602 17,278 1.597 ;
2 1.623 17.292 1,592 »
3 1.617 17.342 1,59 g
4 1.618 17,347 1.596 .
[} 1,607 17,263 1,595 :
Ave. 1.613 17,304 1.595
M Venturs Technology ! 1.464 19. 149 1,599 ’
2 1,490 19,183 1,600
3 1,453 19.172 1,598
4 1,468 19.184 1,600
s 1,458 19.178 1,597
Ave. 1,467 19.173 1,599
N Vic Pollard 1 1,537 19.075 1,598
2 1,549 19,058 1.599
3 1.524 18.948 1.599
4 1.551 18,936 1.597
] 1,533 18,999 1,600
Ave. 1.539 19.003 1,599
\ -
\—!
E\": 61
u_'.‘




ek e ensy s hdae ShaivnJERRe Ahasibsthaen Saa Aatn AN ek et hetal Bladet RS o L B B e A
LN AL v Jutel Suedh bret el SRl Selty Dol aadi) EalAEAE S A A R IR P -

<4
q
—d
. 3
APPENDIX A (Cont'd) ‘:_'-
o
Dimensions Type ib _-.‘E
Head Shank o
1D MANUFACTURER A Dismeter ms  Length me  Dlameter me .
p
" A Brasseler 1 2.106 19,160 1,596 -1
I8 2 2.086 19.176 1.592
R 3 2.102 19,179 1.598 .
o 4 2,091 19,158 1.594
9 5 2102 19,178 1,597 "4
Ave, 2.097 19.170 1.595 -9
v
g Olemo 1 1.839 18.354 1.587
" 2 1.803 18.352 1,586 ‘1
& 3 1.823 18,371 1.595
& 4 1.788 18,365 1.592
& ] 1.814 18,370 1.591
& Ave. 1.813 18, 362 1,590 ]
C  aro 1 2.531 18,469 1,592
2 2.507 18.452 1.592
3 2.495 18,480 1.595
° ‘ 2.512 18,485 1,594
3 5 2.521 18.470 1.593
o Ave. 1.513 18.471 1,593
- D Miirex 1 2.650 19,845 1.594
N 2 2.6% 19.816 1,592
3 2.629 19.817 1.591
4 2,63 19.829 1,593
. 5 2.675 19.844 1,591
‘ Ave, 2.650 19.830 1,592
Ll
N E  Premier 1 2.638 18.0%9 1.598
- 2 2.613 18.060 1.594
.- 3 2.607 18.067 1.599
4 2.606 18.071 1.598
- 5 2,597 18,030 1,599
. Ave. 2.612 18,057 1,598
N F Ransom & Randolph 1 2.401 18.095 1,596
N 2 2.428 18,057 1,598
. > 2.429 18.108 1.597
4 2.426 18,093 1.598
5 2.413 18,099 1,598
Ave, 2.419 18,090 1,597
: G Regency 1 1,553 19,135 1,591
: 2 1,556 19, 140 1.593
. 3 1,565 19,115 1592
- 4 1,953 19,147 1.597
; 5 15533 19,137 1,597
Ave. 1,552 19,135 1,594
.
“
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APPENDIX A (Cont'd)

Head Shank
MANUFACTURER i Diameter wm Length mm Oiameter mm ,
Repco 1 2.556 19.398 1,596 X
2 2,590 19,248 1.589 o
3 2.569 19.385 1.592 ‘;
4 2.597 19.419 1.590
s 2,574 19,357 1,590 -4
Ave. 2.577 19.361 1.591
Shotu ! 2,117 19,069 1,599
2 2.110 19,084 1.596
3 2.120 19,076 1.599
4 2,136 19,060 1.599
5 2,113 19,082 1,597
Ave. 2.119 19,074 1.598
Se Se White 1 1.811 20,089 1,595
2 1.821 20,051 1.598
3 1.829 20,095 14595
4 1.816 20.081 1,594
5 1,809 20,092 1,598
Ave. 1.817 20,082 1,596
Star 1 2.422 18,313 1.600
2 2,437 18,350 1.600
3 2.418 18,352 1,610
4 2.435 184356 1.607
s 2,415 18,305 1,600
Ave. 2,425 18,335 1.603
Teledyne Densco 1 2,426 17,671 1,599
2 2,425 17.738 1.594
3 2.422 17,731 1.599
4 2.416 17.676 1,598
5 2,421 17,696 1,596
Ave. 2,422 17,702 1,597
Venture Technology ! 2,432 17.918 1.592
2 2.422 17,939 1,592
3 2.416 17,923 14596
4 2.417 17,938 1.593
5 2,424 17,945 1,592
Ave. 2,42 17,933 1,593
Vic Pol tard 1 2.540 17.697 1,588
2 2.572 17,729 1,588
3 2.539 17,590 1,589
4 2.591 17,577 1,587
s 2,616 17,730 1,588
Ave. 2,572 17,665 1,588
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APPENDIX A (Cont'd)

Dimensions Type 2a

Small Large Head Shank Head
1D MANUFACTURER 2 Diometer mm Olameter mm Length mm Length sm Dismeter me Angle
A Brasseler 1 1,486 2,386 7.241 21,113 1,599 8°16¢
2 1,491 2,385 7.244 21123 1.596 8"151
3 1.467 2,391 7.249 21,141 1,599 8°09*
4 1.458 2,31 7.244 21,124 1.599 8°32!
L 1,495 2,388 7,239 21,135 1.599 8°211
Ave. 1,479 2,384 7.243 21,127 1.598 8%19¢
8 Diams 1 1,240 2,289 12,314 24,130 1.590 LT
2 1,222 2,274 12,324 24,116 1.585 5°09¢
3 1.239 2,294 12,312 24,130 1.593 5*551 )
4 1.217 2,321 12,300 244123 1.593 5°41¢ A
s 1,238 2,277 12,236 23,597 1,586 5°291 R
Ave. 1,231 2,291 12,297 24,019 1.589 5°361 .
c  Jaro 1 1,685 2,929 7.039 18.25% 1,592 11°42¢ i
2 1,686 2,885 7.040 18,263 1.592 11°43¢ i
3 1.686 2,873 7.029 18,242 1.592 11°42¢ s
4 1,702 2,902 7,054 18,257 1.590 12*10¢ .
s 1,688 2,872 7,063 18,258 1,591 12°09! .
Ave. 1.689 2.892 7,045 18,255 1.591 11538 §
o
0O Miltex 1 A
2
3 NO SAMPLE
" ’
s
Ave. :
E  Premier 1 1,358 1.998 9,107 19,981 1,592 446" :
2 1.321 2,021 9,136 20,020 1.592 4°58¢ :.4
3 1,365 2,016 9,183 20,053 14592 432! R
4 1.364 1,983 9.133 20,026 1,595 4052 .
5 1,363 2,002 9,151 20,027 1,596 4°58!
Ave. 1,354 2,004 9. 142 20,021 1,593 4%49!
F  Ransom & Randolph 1 1.238 1,962 9.076 22,072 1.595 s°131
2 1,257 1,967 9,075 22,083 1,598 5°161
3 1,253 1.945 9.088 22,092 1.598 5%15¢
4 1,254 1.9%9 9,086 22,093 1,597 5°12!
H 14249 1,968 9,081 22,092 1,598 5°131
Ave. 1,250 1,960 9,081 22,086 1,597 5%141
G Regency 1 0.726 1.108 6,530 21,063 1,599 4°321
2 0,726 1,126 6,617 21,062 1,599 4*39¢
3 0.736 1e121 6.610 21,069 1,599 4c22¢
4 0.727 .15 6.611 21,065 1,594 4°31
5 0,733 1,111 6,545 21,072 1,595 4°36'
Ave. 0,730 1.116 6,583 21,066 1.597 4°32¢
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. <. 9
-: Smail Large Head Shank Head 'T'.'
:_ 1D MANUFACTURER 1. Diameter mm Diameter mm Length mm Length mm Diameter mm Angle o
:- H Repco 1 1.342 2,289 8,451 21,077 1.595 1*12! -
Q. 2 1.362 2,296 8.460 21,108 1.592 7¢°08! N
. 3 1.366 2,291 8,516 21.028 1,569 7°31! -~

s 1.368 2,29 8.547 21,036 1598 739 o

. 5 1,324 2,294 8,499 21,068 1.596 742"
. Ave. 1.352 2,293 8,495 21,063 1.593 7°26! .

) t  Shotu 1 1286 2,143 9.375 21,126 1.598 6°36¢ C 4

. 2 1.299 2.147 9,401 21.173 1.600 6°34" T

: 3 1,273 2,127 9.291 21,090 1.599 6°381

4 1,297 2.131 9.407 21,185 1.598 6°35¢
5 1.312 2.143 9.328 21,148 1,600 6°421
Ave. 1.293 2.138 9.360 21,144 1.599 6°37*
3 Se Se White 1 1.070 1.612 9.880 23,707 1.593 3%440
2 0.988 1.641 9.708 22,792 1.594 4°04°
3 1.129 1.596 9.904 23,766 1.592 3°39¢
4 1.0 1.564 9,869 23,556 1.592 3°511
5 1.082 1,598 9,886 23,766 1.590 3°50°¢
Ave. 1,068 1.606 9.849 3.517 1.592 3°50*
K Star 1 1.702 2,888 7.136 18,722 1,597 11°28¢
2 1.735 2.926 7177 18,708 1,595 11°36¢
3 1L.71 2.902 7.196 18.673 1.597 11°23¢
4 1,707 2,916 7.174 18,717 1,594 1128
5 1.709 2,896 1,223 18,731 1,597 11°31!
Ave. 1,713 2,906 7.181 18,710 1.596 11°29¢
L Teiedyne Densco 1 1.462 2,226 7.588 21,073 14590 6°171
2 1,484 2,225 7.613 21.067 1.590 5%46"
3 1.472 2.222 7.612 21,046 1.590 5°50!
4 1,466 2.217 7.589 21.111 1.590 6°15¢
5 1.462 2.216 7.604 21.088 1,594 6°14¢
Ave. 1,469 2,221 7.601 21,077 159 6°04"
M Yenture Technology 1
2
3 NO SAMPLE
4
5
Ave.
N Vic Pollard 1,568 1.880 8,204 21,158 1.585 610!

84306 21.095 1,585 6°12¢

8.274 21,142 1.586 6°09" R
8.291 21.108 1,585 6°07" an
8,268 21,113 1,585 611! s
8.269 21,123 1,585 6°10* S
7

T3

T4
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Smal| Large Head Shank Head
1D MANUFACTURER 1 Dismeter mm Diameter mm Length mm Length mm Dlameter mm Angie
A Brasseler 1 0.973 1,501 8.150 21,072 1.596 4°28¢

2 0.975 1.520 8.209 21,066 1.598 3°43¢

3 0.980 1.316 8.198 21.058 1.598 4°23!

4 0.970 1.510 8.182 21,074 1.597 4°04

5 0.973 1.531 8,178 21,077 1.596 3°52!

Ave. 0.974 1.516 8.183 21,069 1.597 4°02!

B Diama 1 1.128 1,842 7.961 21,939 1,594 5°50¢
2 1.139 1.813 7.960 21,915 1,597 552

3 ta141 1.796 .97 21,834 1.594 5°18!

4 1.052 1.822 7.952 21.926 1.593 5°36'

5 1.142 1.848 7.983 21,928 1.598 5°22!

Ave. 1. 120 1.824 7.965 21,908 1,595 5°36¢

c Jaro 1 0.538 1,436 9.361 22,677 1.599 5%28¢
2 0.530 T.446 9.401 22,611 1.599 531

3 0,550 1.478 9.459 22,679 1.599 5°43¢

4 0.527 1.436 9.214 2,617 1.599 5°18¢

5 0,531 1.491 9.502 22,62 1.596 5411

Ave. 0,535 1.457 9.387 22,641 1.598 5°321

D Mi I tex 1 0,539 1.456 8,042 22,028 1,593 7°04"
2 0.528 1.480 8,057 22,041 1.592 7%12¢

3 0,562 1.473 8.070 22,050 1.589 7°15!

4 0.537 1.471 8,078 22,035 1,593 7°33¢

5 0,547 1.476 8,039 22,022 1,593 7°27!

Ave, 0.543 1,474 8,057 22,035 1.592 7%18¢

3 Promler 1 0.882 1.710 9.059 22,043 1.593 6°56!
2 0.866 1.760 9.094 22,060 1.597 6°18"

3 0,866 1.774 9.07% 22,054 1.594 6°06!

4 0.858 1.758 9. 113 22,023 1.598 6°331

5 0.845 1.729 9.121 22,067 1,594 6°27!

Ave, 0.863 1.746 9.092 22,049 1.595 6°28!

F Ransom & Randoiph 1 0.732 1570 9.067 21.012 1.604 6%18¢!
2 0.727 1.592 9.126 21.024 1.596 6°051

3 0.769 1,590 9. 101 21.015 1.600 6°07!

4 0.748 1,562 9.133 21.023 1.599 6°10!

5 0.71 1.607 9.082 21,017 1.602 6°07!

Ave, 0.749 1.584 9.102 21,018 1.600 6°09°'

G Regency ! 0.702 1.160 9.169 23,298 1.597 37
2 0.686 1,151 9,135 23,309 1.593 %440

3 0.671 1.150 9.109 23.261 1.593 3°40"

4 0.693 1. 146 9.140 23.312 1.597 336!

5 0,674 1.152 9.117 23.277 1,597 3°30!

Ave. 0,685 1.152 9.134 23,291 14595 3°330

66
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Small

Large

Head

Diameter mm Dlameter mm Longth mm

Shank

Head

Length mm Dlameter mm Angle

67

Seeadlo il e

0.640 1,339 9.799 22,555 1.592 4°35¢
0.644 1.342 9.826 22,567 1.592 4°31¢
0.655 1.360 9.840 22,572 1,597 4°371
0,659 1.345 9.858 22,586 1,594 4°191
0,628 1.339 9.819 22,576 1,592 444"
0.645 1.345 9.828 22.5NM 1.593 4°33¢
0.704 1.529 7.279 19,091 1,593 7°37*
0.744 1.530 7.310 19,128 1.596 7°20!
0.719 1.525 7.313 19.110 1.594 7*31!
0.722 1,538 7.258 19.078 1.597 7°29*
0.701% 1,545 71,322 19.110 1,596 7°35¢
0.718 1533 7.296 19.103 1.595 7°30!
0.392 1.278 8,162 22.046 1.594 6°531
0.370 1.280 8.102 21,991 1.593 7°07*
0.396 1.285 8.139 22,023 1,595 6°51¢
0.396 1.274 8,150 22,07 1.599 7°03¢
0.378 1,258 8.250 22,015 1,590 6°37!
0.386 1.275 8,161 22,029 1.594 6°54"
0.947 1.696 9.097 20,375 1,597 5°24!
0.940 1.651 9.096 20,372 1,597 5°18¢
0.967 1.659 9.089 20,384 1.598 5°20°!
0.945 1.660 9.086 20.381 1,593 5°27
0.952 1.684 9.121 20,385 1,393 5°21!
0.950 1.670 9.098 20.379 1.596 5°22°
0.799 1.620 8.981 22,709 1.590 525!
0.792 1.620 9.002 22,563 1.590 5%13¢
0.794 1.621 9.054 22,680 1.597 5°20*
0.805 1.605 9.013 22,721 1.600 5°261
0.802 1,642 9.020 22,743 1,590 4°56!
0.798 1.622 9.014 22,683 1,593 5*16!
0.717 1.422 9.309 20.815 1.597 4°34¢
0.691 1.410 9.345 20.767 1.599 4°43¢
0.714 1.403 9.184 20,797 1,599 4°49!1
0.710 1.430 9.324 20.740 1,599 4°481
0.703 1,400 8.978 20,797 1,595 4°47!
0.707 1.413 9.228 20.783 1.598 4t44!
0.813 1.232 10,008 23.114 1,588 4°561
0.793 te227 10.116 23.158 1.589 4°511
0.806 1.225 10,094 23.139 1.568 502!
0.789 1.228 10.103 23,145 1.588 501!
Q0.775 1.219 10,122 23,165 1.588 4°521
0.795 1,226 10,089 23, 144 1,588 4°36"
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L Dimensions Type 2c RS
s' --_'.
. Smat | Large Head Shank Head S
E.‘ 1D MANUFACTURER [ Dismeter wm Dlameter mm Length mm Length mm Diameter mm Angle ’
A Brasseler 1 0.641 1.077 6.084 21,079 1.590 4°231
2 0.636 1.051 6,064 21,020 1,594 4°331
3 0.611 1,043 6.016 21,040 1.590 4°331
4 0.644 1,061 6.075 21,026 1.590 4°291
5 0,635 1,060 6,027 21.006 1,590 4°19¢
Ave, 0.633 1.058 6,053 21.034 1.591 4271
B Diame 1 0.679 1.717 10,533 23,652 1.594 5°591
2 0.692 1.718 10,543 23,653 1.599 5°s8¢
3 0.687 1.686 10,587 23,668 1.591 6°19¢
4 0.676 1,685 10, 542 23,647 1,59 50251
5 0.691 1,704 10, 586 23,655 1,592 6°07!
Ave, 0.685 1.702 10,558 23,655 1.594 5°581
¢ Jaro 1 0.709 1.474 8.067 19,695 1,592 5301
2 0.714 1,441 7.854 19.687 1,594 50461
3 0.716 1.446 7.852 19,674 1,59 SeA1
4 0.727 1.479 8.127 19.685 1,593 5°42¢
5 0,725 1,441 7.783 19.710 1,593 5°271
’ Ave. 0.718 1.456 1,937 19,690 1,594 537t
b
i D Miitex 1 0.624 1.406 6.195 21,034 1,590 8*18"
8 2 0.622 1.420 6.181 21,023 1.592 g*21"
- 3 0.625 1.410 6,228 21,020 1.588 813"
¥ 4 0.622 1.408 6,153 21,018 1,59 7°481
5 0.626 1,400 6,178 21,001 1,592 8°20"
Ave. 0.624 1.409 6.187 21,019 1,592 8*12!
: €  Premier 1 0.612 1.328 6,355 20,547 1.598 12!
) 2 0.603 1311 6.375 20,560 1,594 7°07"
3 0.606 1.308 ‘64350 20,550 1,595 7°06!
4 0.607 1.321 6,373 20,556 1.598 7010
5 0,603 1,314 6,379 20,579 1,597 708"
Ave. 0.606 1.316 6.366 20,558 1.596 7°07¢
Ransom & Randoiph 1 0.562 1,334 9.037 21,048 1.602 s*18"
2 0.546 1.325 9.036 21,028 1.597 6°09"
3 0.544 1,355 9.026 21,024 1.596 6°09"
4 0.550 1.3%9 9,021 21,049 1.599 6°08"
5 0,539 1,337 9.017 21,022 1,596 6°12!
Ave. 0.548 1,342 9.027 21,034 1.598 6*11
Regency 1 0.904 1,509 8.867 22,758 1.597 3°49!
2 0.918 1.501 8.781 23,013 1.598 3°52¢
3 0.909 1.504 8,774 22,743 1,595 3
4 0.908 1.489 8,764 22,960 1.599 4°03!
s 0,910 1,537 8,875 22,721 1,597 3°50°
Ave. 0.910 1,508 8,806 22,840 1.597 3e87t
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' Small Large Head Shank Head R
1D MANUFACTURER £ Diameter mm Digmeter mm Length mm Length mm Diameter nm Angle -
H Repco | 0.772 1.427 8.465 21.358 1.596 4°44" .

2 0.777 1.421 8.473 21,357 1.592 4°42° :
3 0.782 1.390 84451 21,315 1.590 4°46"
4 0.790 1.402 8.462 21.351 1.595 4°46"
5 0.770 1.396 8,494 21.344 1,593 444"
Ave. 0.778 1.407 8,469 21,345 1,593 4°448
1 Shotfu ! 0.612 1.456 7.110 19,083 1.599 7°37!
2 0.582 1.470 7.086 19,065 1.595 7°48'
3 0.615 1.493 7.200 19,092 1.595 7°40"
4 0.624 1.475 7.170 19,117 1.598 7°23'
5 0.378 1,486 7.097 19,081 1,599 7°44"
Ave. 0.602 1.476 7.133 19,088 1.598 7°38'
J Se Se White 1 0.355 1.069 7.808 22,025 1,597 13°47"
2 0.306 1.068 7.766 21.975 1,591 13°58°
3 Q.342 1.048 7.669 21922 1.593 18°03*
4 0.309 1.045 7.715 21,834 1,596 14°27¢
5 0.344 1,046 7.843 21,930 1,594 1351
Ave, 0.331 1.055 7.760 21.937 1.554 14°01°
K Star | 1.058 1.615 7,066 18,669 1,594 5°07!
2 1.023 1.594 7.131 18,671 1,593 5°04'
3 1.042 1.599 7.082 18.652 1,597 505"
4 1,053 1.579 7.129 18,655 10598 5°14!1
5 1,032 1,374 7,133 18.653 1,597 5°05'
Ave. 1.042 1,592 7.108 18.660 1,59 5°07"
L Teledyne Densco ! 0.842 1,458 6.422 20.399 1.593 5%14'
2 0.835 1,450 6. 466 20.358 1,596 4°47"
3 0.831 1,469 6.476 20.416 1.599 4°39!
4 0.847 1,469 5.437 20,425 1.600 4°55!
5 0.836 1.444 6,440 20,381 1.600 5°06"!
Ave. 0.838 1.458 6.480 20,396 1,598 4°56'
M Yenture Technology 1 0.993 1.518 7.439 18,830 1.598 4°47"
2 0.983 1,516 7.243 18,798 1.599 5%10!
3 0,987 1. 545 7.368 18,806 1.600 5°07!
4 1.015 1.353 7.420 18.835 1,600 4°53¢
5 0.997 1,524 7,371 18,826 1,600 5°10°
Ave. 0.995 1.531 7.368 18,819 1,599 501’
N Vic Poltard 1 0.737 1.257 5.639 18,898 1.582 5°28'
2 0.742 1,265 5.615 18,852 1.582 s5*a1!
3 0.749 1.236 5. 687 18.835 1.583 5°26!
4 0.736 1,252 5.716 18,830 1.582 5°35¢
-] 0.762 10257 5,867 18,809 1,582 s°31°
Ave. 0.749 1.257 5. 703 18,845 1.582 5°32'
69
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NP

Oimensions Type 2d

Small Large Head Shank Head -
MANUFACTURER £ Diameter mm Dlameter mm Len mn Length rm Dismeter mm Angle -1
Brasseler 1 1.247 1.783 9.067 21,032 1,597 3%40! D
2 1.240 1.782 9,034 20,967 1.599 3042 o
3 1.242 1,782 9.095 21,041 1.59 3°37 ‘-3
4 1.239 1,766 9,093 21,026 1.595 3°35¢ ]
5 1,238 1.777 9.089 21,045 1,597 3°36° -
Ave. 1.241 1.778 9.076 21.022 1.597 338! -
Dlama 1 0,737 1,743 10.523 23,671 1,595 532t =1
2 0.747 1.760 10.481 23.670 1,594 5°51° 1
3 0.731 1.774 10,490 23,665 1.592 5°431 e
4 0.7 1.748 10,502 23.677 1,59 6°02'
5 0.710 1,766 10,480 23.648 1,593 5°57" -
Ave. 0.727 1.7%8 10.495 23,666 1.595 5°49¢ .
4
Jaro 1 0.721 1.681 9.411 21,259 1.591 5%131
2 0.728 1.683 9.372 21,251 1.591 5°30!
3 0.731 1.700 9.447 21.307 1591 5°36'
4 0.743 1.691 9,332 21.297 1.593 5241
5 0.737 1.680 9,435 21,237 1,594 5°34¢
Ave. 0.732 1.687 9.399 21,270 1.592 527"
Miltex 1 0,695 1.677 8.069 22.067 1.597 7°261
2 0.684 1.651 7.872 22.055 1,594 7°410
3 0.694 1,630 1.773 22,028 1,592 7°49"
4 0.687 1,653 8.003 22,046 1,590 7°511
5 0,679 1,650 7.923 22,045 1.594 7450
Ave. 0.688 1.652 7.928 22,048 1,593 70431
Premler 1 1,057 1,657 8.073 21,016 1.590 4°56! 4
2 1,08t 1,651 8.063 21,028 1,591 448! U
3 1,057 1,659 8,083 21.017 1.590 4°411 -
4 1,074 1,668 8.074 21,010 1.583 4420 . 4
5 1,047 1,670 8,083 21,013 1,591 a9t 4
Ave, 1,063 1,661 8,075 21.017 1.589 -4 4
Ransom & Randolph 1 0.957 1,662 9116 21.093 1,595 5°15¢ 1
2 0.984 1.684 9.195 21.090 1,597 5°131 .4
3 0.988 1.664 9,105 21,069 1,597 5°15¢ ‘.
4 0.970 1.679 9.181 21.063 1,595 5°14¢ .
H] 0,984 1,667 9.105 21,091 1,595 5°13¢ .
Ave, 0.977 1,671 9.140 21,081 1,59 5°14¢ . #
Regency 1 0.592 1,189 9.208 23.291 1,597 4°00" x
2 0.608 1,195 9.080 23,285 1,597 3°541 g
3 0.597 1,196 9.091 23,268 1.596 3°541 :
4 0.562 1215 9.077 23.235 1,593 4°03'
5 0.611 1.316 9.070 23,217 1,588 414!
Ave, 0,594 l.222 9.105 23.259 1,594 4°01"
ke
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Small Large Head Shank Head 3
1D MANUFACTURER £ Diameter ma Diameter mm Length mm Length mm Diameter mm Angle ‘i
H  Repco 1 0.612 1,204 7.750 20,424 1,595 4%43¢ N
2 0.636 1,205 7,793 20,483 1,590 4°02' o
3 0.617 1,180 7.732 20,343 1.591 4°25! 4
4 0.615 1,198 7.747 20.464 1,593 4°37! r
5 0.612 1,185 7,749 20,607 1.592 4°051! 4
Ave, 0.618 1,194 7.754 20,464 1,592 4°22! 1
t Shofu 1 0.960 1,562 9.179 21,083 1.596 4°22! 4
2 0.941 1.570 9.089 21.11 14592 416! A
3 0,975 1.576 9. 121 21.105 i.594 4°352 ,‘
4 0.938 1.560 9.133 21,104 1.592 4°24" “
5 0,942 1.574 9. 168 21,109 1,594 4°31° o
Ave, 0.951 1,568 9.138 21,102 1.594 4°25¢ j
J Se S. White 1 0.367 1.520 9,917 24,060 1,592 7°15¢ ’
2 0.380 1,483 9,841 24,053 1.591 727" .
3 0.413 1.520 9.927 24,012 1.594 7°35°
4 0.360 1,484 9.770 24,008 1,593 7°26!
5 0,397 1.490 9.965 24,027 1.391 7°23°¢
Ave. 0.383 1.499 9.884 24,032 14592 7°25' .‘
K Star 1 1.241 1,791 8.123 19,639 1,593 4°16" !
2 1,220 1.772 8.093 19,624 1,597 4°37¢ -
3 1.221 1.787 8,142 19,633 1,592 4°19* M
4 1,218 1.792 8.073 19.623 1,593 4°281 ¢
5 1,221 1,778 8,180 19,652 1,596 4°40'
Ave. 1.224 1,784 8.122 19.634 1,594 4°28!
L Teledyne Densco 1 0.962 1,723 8,923 22,708 1,592 5°17¢
2 0.982 1739 8,944 22.732 1,590 s
3 0.967 1,725 8,957 22,714 1,599 5°08'
4 0.964 1,729 8,968 2,734 1.600 5°06"
5 0. 966 1,720 8,964 22.738 1.591 4°58"
Ave. 0,968 1.727 8.951 22.725 1,594 5°08°'
M Venture Technology 1 0.889 1.329 9.268 20,777 1,598 4°27
2 0.876 1.522 9.577 20.781 1,597 4°301
3 0.891 1,530 9.187 20.770 1,599 4°331
4 0.879 1,554 9,345 20.750 1.597 4°48"
5 0.893 1.527 9.270 20,758 1,599 4°42'
Ave. 0.886 1,532 9.329 20,767 1.598 4°36'
Vic Pollard 1,054 1.461 10.065 23,203 1.590 5%46°
1.076 1,464 10,077 23,347 1,584 5*511
1.097 1.450 10.089 23.233 1.589 5°43°'
1,091 1,460 10,109 23,212 1,597 5°47!
1.105 1,461 104 147 23.241 1.591 5°521 -
1,085 1.459 10,097 23.227 1,590 5°48¢ :
A
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APPENDIX A {Cont'd)

Dimensions Type 3a

Head Head Shank !
Diameter mm Length sm  Length mm Diamster am 4
4,073 14321 17,175 1.598 i
4,066 1,324 17,160 1.597 ,‘
4,038 1.327 17.182 1.594 ;
4,060 1.349 17.209 1.596 {
4,053 1.330 17,206 1,593 1
4,058 1.330 17.186 1.596 4
3,322 1,243 20.349 1.595
3.314 1,240 203382 1.599
3.334 1,235 20.362 1,595
3.325 1.227 20,374 1.597
3.341 1,237 20,385 1,595
3,327 1.236 20,370 14596
4.413 1,432 16,318 1,591
4,374 1,433 16.316 1.591
4,391 1.413 16.319 1.585
4,395 1.445 164305 1.584
4,406 1,459 16,334 1.586
4,39 1,436 16.318 1.587
4,342 1,755 19,290 1.590
4,376 1,743 19.278 1,585
4,352 1.730 19,135 1.585
4,349 1,748 19.262 1,584
4,342 1,737 19,236 1,584
4,352 1,747 19.240 1.586
4,636 1,455 17,194 1.591
4,672 1,492 17,222 1.594
4,648 1.503 17.210 1.591
4,643 1,447 17,185 1,593
4,647 1,459 17,215 1,591
4,649 1,471 17,205 1.592
4411 1,402 16,407 1.592
4.373 1.366 164360 1,591
4,441 1.370 16,378 1.596
4,442 1.377 16.3%6 1,590
4,433 1,386 16,406 1,592
4,420 1,380 164381 1,592
3.938 1,421 20,090 1,591
3,937 1,383 20,142 1.597 .
3,946 1,398 20,139 1,592 :
3.939 1.390 20.137 1.595 R
3,905 1,387 20,133 1,595 3
3.933 1.396 20.128 1,594 K
1
3
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APPENDIX A (Cont'd)

Head Head Shank
MANUFACTURER i Olameter mm Length mm Length mm Dlameter mm
Repco 1 4,497 1.479 19.291 1.592
2 4,569 1538 19,303 1.595
3 4,505 1.549 19,264 1.590
4 4,516 1.465 19,276 1.594
5 4.469 1.469 19,295 1.589
Ave. 4,511 1. 500 19.286 1.592
Shofu 1 4,292 1.444 19.202 1,594
2 4.316 1.422 19,198 1.593
3 4,298 1.450 19,206 1.596
4 4.296 1.463 19,200 1.597
5 4,330 1.458 19,213 1.596
Ave. 4.306 1.447 19,204 1.595
Se S. White 1 4.231 1.424 20,087 1.593
2 4,233 1.361 20,123 1592
3 4.219 1.396 20,131 1.594
4 4,214 1.388 20.076 1.588
5 4,219 1,377 20.113 1.590
Ave. 4,223 1.389 20,106 1.591
Star 1 3.404 1.214 16,134 1592
2 3.403 1.213 164153 1.592
3 34397 1.213 16,172 1.592
4 3.412 1.233 16,153 1.597
5 3,409 1,204 16,110 1.597
Ave. 3.405 1.215 16, 144 1.594
Teledyne Densco 1 4,774 1.463 17,325 1.590
2 4.749 1.492 17.323 1.590
3 4,769 1.475 17.324 1.590
4 4.772 1.456 17.327 1.590
5 4,733 1.479 17,321 1.590
Ave. 4.759 1.473 17,324 1.590
Venture Technology 1 4,212 1.035 16,040 1.596
2 4.182 1.034 16,037 14599
3 4.202 1,042 16,018 1.599
4 4,163 1.026 16,034 1.599
5 4,179 1.030 16,028 1.597
Ave, 4,188 1,033 16.031 1.598
Vic Poltard 1 4.749 1.702 19,583 1.585
2 4.756 1.707 19,596 1.583
3 4,760 1.703 19,588 1,579
4 4,766 1.706 19.593 1.579
] 4.763 1.708 19,609 1.581
Ave, 4,739 1.705 19,594 1,582
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APPENDIX A (Cont'd)

Dimensions Type 4a

Head Head Shank Head
Dlameter mn Len Length mm Diameter mm _Angle
1.076 7.898 21,039 1,597 11°42¢
1,073 7.855 21,062 1,595 1%
1,099 7.943 21,057 1,595 11°28¢
1,086 7.927 21,065 1.593 11°26¢
1,078 7,903 21,068 1.590 11°26!
1,082 7.905 21.058 1,594 11°33¢
16323 7.785 22,018 14596 20°50¢
1.313 7.798 22,019 1.594 20°231
1.321 7.815 22,036 1,595 21140
1.315 7,834 22.0%0 1,593 21%2711
1,323 7,796 22,017 1,594 21°23!
1,319 7.806 22,028 1.594 21°03¢
1.247 8.414 20,047 1,595 10%16!
1,238 8.364 20.056 1.596 10°12¢
1,249 8,453 20,099 1.592 10°05°*
1.223 8,360 20,085 1.592 1006
1,224 8,399 20,079 1,592 10°02°!
1,236 8,307 20,073 1,593 10°08°!
1,109 7. 157 19,030 1.592 17°42¢
1,099 6.758 18.717 1.592 17°541
1,123 7.303 19,055 1,595 17241
1,129 7,170 18,957 1,597 1821
1.107 7,279 19,046 1,595 17°341
14113 7.133 18,973 1,594 17°471
1.239 6.326 19,09t 1.593 14°541
1,220 6,333 19,073 1.596 1540
1.252 6.284 19.080 1.594 15°27¢
1.228 6.285 19,063 1.597 1506
1,227 6,314 19.054 1.597 15°03?
1,233 6,312 19,072 1. 595 15°121
1.123 7.678 21,960 1.596 1327
1,133 7.627 21,928 1.595 13%21
1.120 7.660 21,97% 1.593 13°00
1,126 7.696 21,93 1,596 13°07°
1,135 7,750 22,003 1,597 12%46!
1,127 7.682 21,959 1.595 13°08!
1,270 5.987 21.283 1.595 13°03°"
1.258 5,970 21,255 1,594 13°45¢
1.259 5,905 21,2132 1,598 13%12¢
1.251 6,032 21,265 1.597 13°05¢*
1,269 5,887 21,282 1,595 13°52¢
1.261 5,956 21.25%9 1.596 13023
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APPENDIX A (Cont'd)

BPRGI G W S ) o

Head Head Shank Head
Diamster mn Length mm  Length mn Diameter mm Angle
1.214 7.58% 20,318 1.590 15°05"
1,241 7.550 20,289 1. 584 15°35!
1,210 7,566 20,314 1.590 15°14!
1.228 7.549 20,347 14590 15°03*
1,229 7,587 20,329 1.590 15°29°1
1,224 7.567 20,319 1,589 15*171
1.139 7.452 19,525 1,598 15°29¢
1,156 T.435 19,513 1.598 15°56"
14166 7.470 19,541 1,596 15°31¢
1.161 7.394 19,464 1.599 15°28¢
1,169 7.443 19, 563 1. 596 16°02°
1.158 T.439 19,521 1.597 15%41!
1,084 4,115 19,095 1,586 19°39¢
1.048 4,061 19.088 1,586 20°25¢
1.064 4,112 18.966 1,595 20°10
1,059 4,037 19,030 1,591 1932
1,076 4,122 19.083 1,592 20°30!
1,066 4,089 19,052 1.590 20°03"
1.561 7.165 18,449 14593 18°24!
1.617 7.225 18,458 1,596 17%44)
1,541 7.087 18,434 1.598 1816
1,568 7.138 18,443 1.598 18°04"
1,583 7,132 18,442 1,593 18°28!
1,382 7. 149 18,445 1.596 1811t
1,192 6.366 19,822 1.598 14°06!
1,192 64357 20,080 1.598 14°06'
1,165 6356 20,170 1.589 13°33¢
1,196 6e374 19,836 1,596 14°05°*
1.216 64369 20,163 1.600 14°12"
1,192 64364 20,014 1.596 14°00°
1,210 6. 180 19,086 14598 18°22°
1,204 6.353 19,117 1,59 17°41
1.205 6.201 19,082 1.602 18°20"'
1,208 6.111 19,068 1.598 17°38!
1,206 64251 19,098 1.600 17°56!
1,207 64219 19,090 1,599 17591
1,479 5.563 19,088 1,593 15°45"
1.457 5 591 19,077 1.593 15%41¢
1.46) 5581 19,083 1,586 15°58¢
1.431 5.660 19,082 1,593 15°52°
1,422 5. 689 19,069 1.588 15°56"
1,444 5.617 19,080 1591 15°50¢
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APPENDIX A (Cont'd)

Olmensions Type 53

Seebetdeadond s

Head Head Shank
10 MANUFACTURER 2 Olamster mn  Length mm Length mm Diameter mm -
A Brasseler 1 6.415 3.295 44,7% 2.350 -ﬂ
2 o411 3.304 44,764 2,345 ;
3 6.417 3.312 44,758 2,347 -
4 6.411 3.311 44,767 2,341 -
5 6,440 3,308 44,741 2,343 )
Ave. 6.419 3,306 44,757 2,345
8 Diama 1 4,724 2.447 20,238 1,593
2 4.720 2,433 20,343 1,590
3 4.729 2,469 20,279 1.593
4 4,728 2,457 20,296 1.594
5 4,731 2,440 20,258 1,591
Ave. 4,726 2,449 20,283 1,592
c Jaro 1 5.729 2,397 16.640 1.592
2 5,701 2.349 16,631 1.593
3 5.691 2,363 16,637 1.592
4 5.672 2,357 16,659 1.59
H 5,713 _2.375 16,624 1,594
Ave. 5.701 2,368 16,638 1.593
D Miltex 1 6,001 2,306 44,554 2,338
2 5.992 2,313 44,539 2,336
3 5,981 2,302 “,.522 2,334
4 5.977 2.30% 4,318 2,337
H 5,965 2,304 44,528 2,335
Ave, 5.983 2.306 44,532 2.336
E  Premier 1 6.682 1,57 44,045 2,359
2 6.712 1.610 44,038 2,359
3 6,683 1.575 43,990 2,355
4 6,684 1,562 44,004 2,357
H 6,709 1,623 44,043 2,352
Ave. 6.694 1.588 44,024 2,35
F Ransom & Randoiph 1
2
3 NO SAMPLE
4
5
Ave.
h. N
G Regency 1 )
- 2 --
. <. 3 NO SAMPLE K
A 4 .
._':. 5 N
. Ave.
.
L
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APPENDIX A (Cont'd)
Head Head Shank
1D MANUFACTURER A Diamster mm Length mm Length mm Diameter mm
H Repco 1 5.547 2,553 44,317 2,354
2 5,786 2,600 44,355 2,353
3 5.808 2,589 44,338 2,348
4 5.818 2,557 44,333 2,349
5 3.791 2,586 44.322 2,356
Ave. 5. 750 2,517 44,333 2.352
! Shofu 1
2
3 NO SAMPLE
4
5
Ave.
4 Se S. White t
2
3 NO SAMPLE
4
5
Ave,
K Ster 1 5.639 2,247 17,074 1,597
2 5.674 2,248 17,075 1.593
3 5.662 2,229 17.079 1.596
4 5.680 2,234 17.045 1.592
H 5,666 2,231 17,089 1,592
Ave. 50664 2,370 17.072 1.594
L Teledyne Densco 1 60501 2,838 44,303 2,340
2 6,484 2,866 44,528 2,340
3 6,460 2,873 44,545 2,342
4 6.497 2,906 44,553 2.348
H) 6,483 2,863 44,532 2,346
Ave. 6.485 2,869 44,532 2,343
M Venture Technology 1 7.301 1,201 44,197 2,368
2 Te344 1,265 44.177 2,365
3 7.303 1,248 44,202 2,357
4 7.335 1,269 44,222 2,354
5 7,307 1,258 44,218 2,362
Ave. 7.318 1,248 44,203 2,361
Yic Pollard 1 6.458 3.632 44,679 2,342
2 6.454 3.51 44,626 2.336
3 64415 3.610 44,623 2,340
4 6,440 3.623 44,592 2,330
5 6,401 3,569 44,514 2,336
Ave. 6.434 3,601 44,607 2,337
77
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APPENDIX C (Cont'd)

10 MANUFACTURER s ls 1b 22 2b 2c 24 3a 4a Sa
| Shofy 1 4 5 7 4 6 6 6 5 -
2 4 10 6 7 5 4 10 5 -
3 3 8 6 6 6 6 5 5 -
4 5 6 7 4 5 5 -] 6 -
5 3 6 9 5 10 4 6 3 -
J Se Se White | 18 12 21 n 23 3 21 3 -
2 15 16 20 12 19 20 21 17 -
3 16 15 15 14 20 17 23 pal -
4 13 17 15 13 24 8 17 17 -
5 13 15 19 16 3 19 21 19 -
K Star 1 5 7 18 22 14 19 H 9 10
2 10 6 18 23 14 3 7 9 5
3 9 5 19 20 15 25 7 9 9
4 6 7 18 20 13 21 S 7 10
5 6 5 18 24 12 21 5 12 5
L Teledyne Densco 1 13 10 16 16 16 13 15 18 17
2 9 13 n 15 14 14 " 17 20
3 12 " 12 12 6 15 12 15 19
4 10 10 12 18 n 10 15 20 16
5 13 15 16 17 3} 10 10 19 20
M Yenture Technoiogy | 9 13 - 10 8 7 n 9 5
2 7 16 - 6 10 6 7 [} 5
3 9 13 - 8 8 9 12 5 6
4 7 18 - n 1 8 8 9 10
S 12 16 - 8 9 5 9 7 5
N Vie Pollard 1 8 9 19 19 18 13 n 18 8
2 5 1" 18 18 19 19 10 22 9
3 7 " 20 22 19 B 13 18 7
4 7 n 18 19 15 13 13 19 6
5 1" 1" 18 19 19 19 11 17 7
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CONCENTRICITY TEST DATA (mm)

APPENDIX D

g
[} . A-Brasseler 8-01ama
i: . Neck Head Axlal Neck Head Axlal
! Type 4 Runoyt Runout Runout Type # Runout Runout Riinout
k. 1a 1 0.003 0.033 - 1a 1 0.004 0.018 -
o 2 0,015 0,030 - 2 0.009 0.016 -
3 0.014 0.020 - 3 0.006 0.014 -
4 0.006 0,022 - 4 0.013 0.016 -
5 0,002 0.016 - 5 0.015 0.017 -
i 1 0.012 0.013 - b 1 0.007 0.032 -
2 0,005 0.047 - 2 0.002 0.008 -
3 0.002 0,013 - 3 0.008 0.018 -
4 0.008 0.018 - 4 0.009 0.016 -
5 0.011 0.028 - 5 0.008 0.022 -
2a 1 0.003 0.051 - 2a 1 0.012 0.024 -
2 0.007 0.024 - 2 0,007 0,034 -
3 0.002 0.022 - 3 0.016 0.038 -
4 0.003 0,019 - 4 0,006 0,033 -
) 5 0.004 0.025 - 5 0.011 0.054 -
" 2> 1 0.004 0.022 - 2b 1 0.006 0.025 -
" 2 0.003 0.032 - 2 0.004 0.037 -
- 3 0.004 0.030 - 3 0.008 0.024 -
- 4 0,004 0.048 - 4 0.004 0.049 -
5 0,005 0.017 - 5 0.005 0.055 -
2c 1 0.004 0.013 - 2 ! 0,004 0.029 -
2 0.000 0.012 - 2 0.008 0.035 -
3 0.004 0.009 - 3 0.004 0.0%0 -
4 0.000 0.010 - 4 0.002 0.045 -
5 0.006 0.018 - 5 0.007 0,084 -
24 1 0.009 0,022 - 2d 1 0.009 0.079 -
2 0.007 0.021 - 2 0.003 0.046 -
3 0,006 0.016 - 3 0.016 0.050 -
4 0.003 0.012 - 4 0.006 0,041 -
s 0.006 0.009 - 5 0.008 0.041 -
3a 1 0,005 0.010 0.030 3a 1 0.007 0.036 0.019
2 0.006 0.022 0,020 2 0,004 0.036 0.011
3 0.006 0.016 0.008 3 0.003 0,055 0.012
4 0.011 0.023 0.015 4 0,005 0.028 0.016
5 0.011 0.028 0.032 5 0.010 0.026 0.024 a
4a 1 0.007 0.009 - 4 1 0.002 0.018 -
2 0,000 0.009 - 2 0.002 0.021 - R
3 0.000 0.009 - 3 0.001 0.019 - . 4
4 0,006 0.010 - 4 0.002 0,015 - Ve
5 0,004 0.005 - 5 0,002 0.010 - ' 4
=
=
4
i
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Iype

Sa

1a

1b

2a

2b

"~ . 2¢
Lo

.l 2d
o
-
Lt

' 3a

e

is

SRR o

T~ %
t W ]

8~

e

’

- ¢

3
»
3

t

NN -

B W N - B e N - W s N - VB WA e W e - AV IR SRV RN S

e N

AVE.

Runout

0,020
0.017
0.016
0.016
0,024
0.007

0.004
0.011
0.004
0,000
0.005

0.006
0.015
0.010
0.017
0.010

0.007
0.012
0.011
0.012
0.009

0.003
0.010
0.012
0,012
0.004

0.010
0.007
0.008
0.008
0.008

0.014
0.007
0.007
0.009
0.008

0.016
0.028
0.006
0.01
0.012

A-Brasseior

Head
Runout

0,033
0.033
0.036
0.046
0,001
0.021

C-Jaro

0.023
0.034
0.027
0.013
0.028

0.033
0.033
0.032
0,024
0.024

0,032
0,020
0.030
0.015
0.016

0.082
0,092
0.054
0.086
0.094

0.029
0,023
0.038
0.039
0,047

0.082
0.036
0.032
0.045
0,046

0.021
0,029
0.039
0.026
0.037

APPENDIX O (Cont'd)

Axial
Runout

0.021
0.036
0.013
0,016
0.004
0.020

0,021
0.013
0.013
0.013
0,017

89

Iype
Sa

28
2b
2c

2d

VIR PRV IR T

Vs UWN =

mE W N - wm b wWN - W oB N WM ohwN - wos W N - WA W N~

W EW N -

AVE,

8=0lams
Neck Head Axial
Runout Runout Runout
0.004 0.036 0,014
0,009 0.030 0.016
0,009 0.031 0.009
0,005 0.041 0.016
0,004 0,014 0.007
0,007 0,033 0,015
D=M1 | tex
0.020 0.049 -
0.022 0.036 -
0,014 0.022 -
0,024 0.035 -
0,021 0.039 -
0.017 0.030 -
0.013 0.038 -
0,008 0.039 -
0.004 0.015 -
0,006 0.007 -
NO SAMPLE -
0,019 0.020 -
0.030 0.085 -
0.018 0.044 -
0.013 0.015 -
0,010 0.054 -
0.009 0.033 -
0,011 0.020 -
0.006 0.034 -
0.015 0.050 -
0,007 0.029 -
0.007 0.029 -
0.000 0.041 -
0.009 0.015 -
0.017 0.024 -
0,016 0.027 -
0.013 0.030 0,023
0.018 0.023 0.017
0.008 0.030 0,025
0.007 0.024 0.008
0.007 0.031 0,010
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APPENDIX D (Cont'd)

C-Jaro D=MI | tox
Neck Head Axial Neck Head Axial
-+ Runout Runout Runout Iype _# Runout Runout Runout
1 0.011 0.033 - 42 1 0.016 0.037 -
2 0.003 0,017 - 2 04006 0,008 -
3 0.006 0,029 - 3 0,005 0,030 -
4 0,010 0.028 - 4 0.008 0.038 -
5 0,006 0,025 - 5 0.006 0.008 -
1 0,005 0.039 0.018 sa 1 0,012 0.026 0.013
2 0.005 0.036 0.026 2 0,012 0,032 0.016
3 0,017 0.017 0,011 3 0.017 0,018 0,019
4 0.003 0.036 0.011 4 0.014 0.037 0,023
5 0,008 0,036 0,023 5 0,018 0,022 0.018
AVE,  0.009 0.037 0.017 AVE.  0.013 0,031 0,017
E-Promier F-Ransom & Randolph
1 0,005 0.027 - 18 1 0.007 0.027 -
2 0.003 0,029 - 2 0.011 0,019 -
3 0,007 0,031 - 3 0,012 0,031 -
4 0.006 0.020 - 4 0.014 0.024 -
s 0.007 0,030 - s 0.009 0.024 -
1 0.003 0,033 - b 1 0.013 0.018 -
2 0.009 0.018 - 2 0.010 0.027 -
3 0,011 0,028 - 3 0,000 0,024 -
4 0.009 0.030 - 4 0.009 0.024 -
] 0.010 0.033 - 5 0.007 0.021 -
9
1 0,008 0,043 - 2a 1 0007 0.034 -
2 0.008 0.023 - 2 0.008 0.041 - .
3 0.003 0.021 - 3 0,004 0.046 - -
‘ 0,004 0,047 - 4 0.011 0,019 - ¥
s 0,008 0,048 - s 0,000 0,027 - »
-4
1 0.000 0,024 - 26 1 0,010 0,031 - 5
2 0,002 0.025 - 2 0.006 0,064 - -
3 0.010 0.042 - 3 0.015 0.028 - :
4 0.008 0,047 - 4 0004 0.038 - N
5 0.00% 0,035 - s 0.008 0,030 -
¢ §
1 0,000 0.018 - 2¢ 1 0.01 0.037 - 4
2 0.000 0.012 - 2 0.006 0,017 - .
3 0.002 0.011 - 3 0.008 0.020 - .
4 0,004 0,008 - ‘ 0,007 0,022 - :
5 0,003 0,007 - s 0,005 0066 - "1
.-
1 0.004 0.028 - 2d 1 0.005 0.022 - .
2 0.003 0,023 - 2 0.004 0,044 - »
3 0,000 0.018 - 3 0.006 0.036 - 4
4 0.007 0.018 4 0,003 0.014 - -
5 0,005 0,019 - s 0,004 0064 -
E
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APPENDIX D (Cont'd) 4
E<Premlor F=Ransom & Randolph By
-~
Neck Head Axlal Neck Head Axlal o
Iype _2 Runout Runout Runout Jype _# Runout Runout Runout
.-
3 1 0.003 0,031 0.021 3a 1 0.003 0,033 0.030 4
2 0,005 0.026 0.021 2 0.018 0,029 0.035 4
3 0.009 0,029 0,009 3 0.012 0,025 0,033 }
4 0.010 0,027 0,010 4 0,004 0.049 0.020 %
5 0.004 0.028 0,017 5 0.012 0.039 0.015 B
4 1 0.009 0,020 - “ 1 0.009 0,044 - 3
2 0.008 0,029 - 2 0.007 0.034 - =
3 0,008 0,041 - 3 0.009 0.028 - 3
o " 0.006 0,012 - 4 0.006 0,030 - *
o~ s 0,006 0,007 - 5 0.006 0.037 - -
':; <
< Sa 1 0,045 0,063 0,012 sa 1 3
A 2 0,018 0.047 0,015 2 R’
o 3 0.020 0.046 0,013 3 NO SAMPLE .
: 4 0,020 0,036 0.010 4 3
s 0.021 0,043 0,015 5 ’
AVE.  0.008 0,028 0,014 AVE.  0.008 0,032 0.027 “ 1
."
G=Regency H-Repco 4
1a 1 0.024 0,036 - 1a 1 0,010 0,031 - X
2 0,014 0,062 - 2 0.006 0.030 - -
3 0,027 0,059 - 3 0.008 0,033 - ]
4 0.017 0.041 - 4 04007 0.019 - .
) 0.019 0,046 - s 0,008 0,034 -
b 1 0.016 0.042 - b 1 0.006 0,051 - e
2 0,016 0.024 - 2 0.006 0.034 - 4
3 0.011 0.038 - 3 0.012 0.014 -
4 0.018 0.044 - 4 0.015 0,035 -
s 0,021 0,048 - 5 0,005 0,026 -
2s 1 0,017 0.026 - 2a 1 0.000 0.019 -
2 0,036 0,041 - 2 0.603 0.020 -
3 0,014 0,026 - 3 0,003 0,083 -
4 0,016 0,023 - 4 0,004 0,022 -
5 0.014 0,029 - [} 0.003 0,026 -
2b 1 0,009 0,013 - 26 1 0,000 0.013 -
2 0,027 0.036 - 2 0,004 0.017 -
3 0.016 0.019 . 3 0,003 0.022 -
4 0.019 0.029 - 4 0.003 0.021 -
s 0.015 0,019 - [} 0,003 0.028 -
2¢ 1 0,012 0,031 - 2c 1 0.000 0.012 -
2 0.020 0.029 - 2 0.000 0,013 -
3 0,004 0,005 - 3 0,006 0.015 -
4 0,047 0,087 - s 0,003 0.017 -
s 0.013 0,047 - s 0,004 0.015 -
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J. APPENDIX O (Cont'd) . 4
- G-Regency H=Repco '-:
- o
Neck Head Axlal Neck Head Axial -
L Type _¢# Runout Runout Runout Iype _# Runout Runout Rinout 4
24 1 0.007 0.024 - 2 1 0.003 0.017 - Y
2 0,007 0.025 - 2 0,007 0,037 - 4
3 0.007 0,025 - 3 0,007 0,019 -
s 0.014 0,044 - 4 0.008 0,027 - ]
5 0.016 0.023 - 5 0.005 0.024 - e
—_
3a 1 0,023 0.032 0,024 3a 1 04004 0,056 0,020 s
2 0.008 0.021 0.018 2 0,003 0.056 0.015 j
3 0.040 0,044 0,037 3 0,003 0,024 0.013 .
4 0.017 0.031 0.012 4 0,004 0,051 0.031 1
5 0,025 0,028 0,018 5 0,003 0.026 0.016 -3
4 1 0,007 0,022 - 4 1 0,000 0.014 - .
2 0,007 0,040 - 2 0.000 0.007 -
3 0.008 0,047 - 3 0,003 0,010 - -
4 0.000 0,034 - 4 0.010 0.040 - C-
s 0,019 0,029 - 5 0.003 0.014 - ey
Sa 1 Sa 1 0.020 0.046 0.023 -
2 2 0.024 0,044 0.021 o
\ 3 NO SAMPLE 3 0,059 0,098 0.013 T
- 4 4 0,031 0,047 0.027 .
- 5 5 0,019 0,028 0.012 9
AVE. 0,017 0.034 0,022 AVE., 0,008 0.029 0,019 o
1=3hotu J=S._S. White "
.. la 1 0,000 0,009 - 1a 1 0,019 0,022 -
“ 2 0.002 0.022 - 2 0.0 0.034 - -t
) 3 0.000 0.008 - 3 0.018 04053 -
) 4 0.003 0.027 - 4 0.021 0.03t - .o
. 5 0.000 0.015 - 5 0.014 0.021 - ) ;
B 3
) b 1 0,006 0,019 - b 1 0,014 0.018 - 4
-y 2 0.003 0.018 - 2 0.029 0.037 - - 3
" 3 0.010 0.024 - 3 0,021 0,036 - D
. 4 0,005 0.018 - 4 0.010 0,022 - o
. 5 0,011 0,018 - s 0,021 0,034 - ey
“ =
: 22 1 0.006 0.039 - 2 1 0.009 0.023 - -
2 0,003 0.02% - 2 0.000 0,053 -
3 0,005 0.019 - 3 0,031 0,033 - --*
E 4 0,005 0,034 - 4 0,015 0.022 - e
- 5 0,004 0.029 - s 0,004 0.010 -
‘ 2b 1 0.006 0.015 - 2 1 0.007 0.032 -
. 2 0,003 0.026 - 2 0,007 0,074 -
. 3 0,002 0,020 - 3 0.014 0.018 -
4 0,007 0,020 - 4 0,008 0,014 - )
s 0,007 0,018 - s 0,011 0.0%9 - —y
]
<Y
Y
: h
o




e i s hii-aaire e e Sl SO S St S I O R A R e 2 |
J
4
el
<
-
APPENDIX D (Cont'd) ‘%
e
1=Shotu J=S, S. Mhite - A
~
Neck Head Axlal Neck Head Axlal =
Typs [ Runout Runout Runout Type {1 Runout Runout Runout o
4
2 1 0,004 0.019 - 2 1 0.009 0,066 - -4
2 0.004 0,013 - 2 0,006 0,053 - e
3 0.000 0,015 - 3 0,009 0,026 - K
4 0.003 0.012 - 4 0.005 0.083 - -
5 0,004 0.029 - 5 0,007 0,019 - ,
2 \ 0.000 0.016 - 2 1 0.005 0.026 -
2 0,000 0,012 - 2 0.008 0.014 -
3 0,003 0,023 - 3 0,011 0,086 -
4 0.003 0.014 - 4 0.014 0.030 -
s 0.004 0.013 - 5 0,007 0,059 -
3a 1 0,011 0,018 0.010 3a 1 0.020 0,050 00049
2 0.018 0,031 0,023 2 0.010 0,020 0,033
3 0.006 0.014 0,022 3 0,008 0.013 0.019
4 0.003 0.015 0,027 4 0,007 0.020 0,012
5 0.009 0.026 0,026 5 0.007 0.043 0.021
4 1 0.000 0.010 - 4 ! 0.010 0,028 -
2 0.003 0.014 - 2 0.008 0,034 -
3 0,000 0,018 - 3 0.010 0.020 -
4 0,006 0,011 - 4 0,007 0,014 -
5 0.007 0.008 - 5 0.006 0.010 -
Sa 1 Sa !
2 2
3 NO SAMPLE 3 NO SAMPLE
4 4
5 s
AVE. 0,004 0.019 0,022 AVE.  0.014 0.034 0,027
K-Star L~-Teiedyne Densco
1a 1 0.006 0.017 - 1a 1 0.011 0,022 -
2 0,007 0,047 - 2 0.009 0.023 -
3 0.000 0,016 - 3 0.005 0.017 -
4 0,000 0.015 - 4 0.008 0.018 -
s 0,000 0,026 - 5 0.014 0.035 -
b 1 0,000 0.025 - 16 i 0,012 0,031 -
2 0.004 0.032 - 2 0,011 0,032 -
3 0,005 0.02¢ - 3 0.015 0.031 - N
a 0.006 0.028 - 4 0,003 0.03% - 1
s 0.007 0,042 - ] 0.017 0,048 - -
2a 1 0.000 0.018 - 2a 1 0.008 0.012 - T
2 0,000 0.026 - 2 0. 008 0,030 - "
3 0,000 0.009 - 3 0,009 0,026 -
4 0.000 0.025 - 4 0.006 0.031 - -4
s 0,000 0.018 - 5 0.006 0,025 -
K
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APPENDIX O (Cont'd)

N
:: K=Star L-Te|edyne Densco
N Neck Head Axial Neck Head Axial
" Type _£_ Runout Runout Runout Type _I_ Runout Runout Runout
: b 1 0,006 0,015 - 2 1 0.013 0,029 -
N 2 0.008 0.014 - 2 0,006 0.015 -
3 0.008 0.025 - 3 0.009 0.017 -
E: 4 0.004 0.011 - 4 0.008 0.013 -
- 5 0.013 0.031 - 5 0.000 0.027 -
2 1 0.000 0.014 - 2 1 0.016 0.031 -
2 0.009 0,030 - 2 0.004 0.016 -
3 0,000 0.039 - 3 0.013 0.021 -
4 0.005 0.015 - 4 0.016 0,028 -
5 0.008 0.048 - s 0.003 0.008 -
2 1 0.012 0.030 - 2d ! 0.004 0.026 -
2 0,005 0.030 - 2 0.006 0.018 -
3 0.011 0.028 - 3 0.008 0.015 -
4 0.002 0.020 - 4 0.006 0.022 -
s 0.002 0.013 - L] 0.009 0.034 -
3 1 0.012 0.027 0.027 3a ) 0.007 0.023 0.018
2 0,016 0,029 0,017 2 0.011 0.037 0.026
3 0.003 0.028 0.014 3 0.014 0.026 0.025
4 0,002 0.026 0.011 ] 0.012 0.026 0.032
s 0.005 0.031 0.008 s 0.007 0.027 0.017
4 1 0.007 0.011 - 42 1 0.006 0.046 -
2 0.000 0,014 - 2 0.007 0.023 -
3 0.000 0.010 - 3 0.008 0.018 -
4 0.004 0.018 - ‘ 0.003 0.013 -
5 0.007 0.031 - 5 0.011 0.028 -
e 1 0.026 0.035 0.021 Sa 1 0.014 0,047 0.040
2 0.016 0.023 0.019 2 0.011 0.033 0.044
3 0.011 0.033 0.032 3 0.016 0.035 0,017
4 0.017 0.029 0.017 4 0,011 0.042 0.034
s 0,028 0,034 0,027 5 0.007 0.049 0.037
AYE. 0,006 0,025 0,019 AVE, 0,009 0.027 0.029
M=Venture Technology N-Vic Pollard
le 1 0,002 0,020 - 1a 1 0.006 0.026 -
2 0,006 0,032 - 2 0.006 0.052 -
3 0.011 0,027 - 3 0,006 0.027 -
4 0,011 0,036 - 4 0.004 0.019 -
s 0.009 0,031 - ] 0,007 0.029 -
15 1 0.014 0,035 - b 1 0.001 0,027 -
2 0.008 0.023 - 2 0.006 0.019 -
3 0,010 0,031 - 3 0.009 0.009 -
4 0.012 0,025 - 4 0,006 0.020 -
s 0,011 0,033 - 5 0.009 0.028 -
3
- J
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APPENDIX O (Cont'd) O
M=Venture Technology N-Ylc Pollard <
Neck Head Axial Neck Head Axial S
Type # Runout Runout Runout Type £ Runout Runout Runout o
4
2 1 2s 1 0.003 0.008 - 4
2 2 0.016 0.028 - T
3 NO SAMPLE 3 0.013 0,021 -
4 4 0,004 0,016 -

5 H 0,016 0,031 - -
2 1 0.006 0,050 - 26 1 0.008 0.030 - e
2 0.002 0.023 - 2 0.004 0.038 - 3
3 0,004 0,029 - 3 0,015 0.028 - .

4 0,003 0,053 - 4 0.006 0.064 - o
s 0.016 0,027 - 5 0.010 0.031 - T
- <
2 1 0.013 0.046 - 2 1 0.006 0.018 -
2 0.012 0.043 - 2 0,000 0,010 - -]

3 0.011 0,031 - 3 0,004 0.009 - o
4 0.00% 0.060 - 4 0.004 0.012 - _—

5 0,022 0.030 - 5 0,004 0.013 - -
24 1 0.021 0.068 - 24 1 0.016 0.027 -
2 0.013 0.023 - 2 0,017 0.024 - R
3 0,005 0.033 - 3 0.009 0.015 -
4 0.004 0.015 - 4 0.003 0.041 - 4
5 0.003 0.016 - s 0.007 0.029 - 3

3a 1 0,024 0.046 0.012 Sa 1 0.025 0.028 o.018 -
2 0.010 031 0.015 2 0.017 0.030 0.012 4
3 0.024 0,044 0,021 3 0,040 0,044 0,037 T

4 0,010 0.026 0.024 4 0,008 0.021 0.018 s

5 0,008 0.026 0,021 5 0.023 0.032 0,024 -
4 1 0,008 0,026 - 4 1 0.007 0,031 - o
2 0.006 0.052 - 2 0.004 0.018 - =" 3
3 0.006 0,027 - 3 0.001 0.010 - -3

4 0,004 0.019 - 4 0.001 0,014 - ‘-_.{

5 0.007 0,029 - 5 0,007 0.011 -

Sa 1 0,008 0.026 0.018 Sa 1 0.021 0,043 0.015 S
2 0,021 0.039 0,010 2 0,020 0,036 0.010 Y

3 0.023 0.050 0.024 3 0.020 0.036 0,013 T
4 0.026 0,028 0.017 4 0.018 0,047 0,015 p

s 0,008 0.037 0,023 5 0,045 0.063 _0.012 -

AVE. 0,011 0,034 0.019 AVE, 0,011 0,027 0,017

J
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" DURABILITY TEST DATA =4
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APPENDIX F
CORROSION TEST DATA

etk

Ad
PPN

t s - cEEEEE- . o . ¢ s ¥ TR . . . . - v+ G e 7y v o e
LR

~..
oy L
LA A T

0

s AN TN EER LTI

AR RAATS




[
-
"

N S A R gt [ A L I .o ‘ T RPN I J

e v

AR
P Drondie

- - v v vn nvnnn v nn L N7 Y I V] “w vnn o nwvwoow
_- (LR RRY ST SRV
. ] v on v nn + 0 nnwv ®»nn v v n +no »w v oown ‘
W. (.3 Vv v <
- %] o vwnwnn+ w v nvn + 000 n U IR I ] »wwn +no wwvwoown "
s 3 7 A 7 AT 4
’ ~| vV Vv o+ » NV n + o+ w v nnn 0 +Fnun oo wn .
® U IR IR 7 S 7] 4
s 0| o v vn + “uv v n + v+ 00 nnnvon + o+ n wwvwoown .
5 - v v+ <4
. 8 W v nn + v+ v on + 0 +nn LI Y AT ) + v+ nn nnwoown
£ B n + [
. «< 4_ + + 0+ + + + v on +n +n v » v v nnv + 0+ w0 v oo wn
w. W+ 4
o w| + 4+ 0+ + + + + + 4+ + o+ vy o v + v+ N v v o O wv -
M N+ 4
. 0 I 7 N + 0+ 4+ 4+ 4+ 4+ 4+ »w v v + 4+ + 0 n w oo un .
9 L IR T 4
- + 4+ U+ o+ + 4+ o+ o+ + + + 4+ v v NV + 4+ 00 »wwvwoown .
3 L7 07, T A 4 S
3 4
.
. ° . ]
R .I_ + + + + o+ + + + 4+ o+ + 4+ 4+ 3+ [ I T I B ] + 4+ + 0w " v OO wn v+ e+
P < § 5 ° ] + 4+ o+ s + 4+ 4+ o+ + 4+ + o0 v n + + + 0w "n v oown O+ s+ 1
. .
- - - —|
‘.. M M“M Q o) + + + + + + 4+ + 4+ + + + + 00 " v n N n + + + 0w ©v ®n O o wn N+ + + 4 h
- w v L L (&) 4
. < H MAWW ° ~| + + + + 4+ + + o+ o+ + + + + 0 VD NN + 4+ + 0w v v oo wn U AR RIS o R
. x 3 e c
P 2 = .w” L] v| O SR S Y + + + o+ + 4+ + + 0 w0 + + + + 0 v oo wn 7 3 S S —
@ oz L] j
W [=} m<> w 5— + 4+ 4+ > F * 4+ 4+ L N AT B ) + 4+ + 4+ NN oo wn [0 S 2 2 4
. n .
'. t 1 % ‘_ + + + + 4 + + + + 4+ + + + + + NNV + + + 4+ 0 O o wn L7 B I .
: + wo !
. 3— + + + + o+ + + + + 4 + 4+ 4+ + + + w0V + 4+ + + 0 Voo wn [Z B B K R J 4
. . .
(3] T S S TR N + + 4+ o+ s + o+ + + 000 + 4+ + + 0 - ) 73 TR b
i -1 + ¢+ v s+ + 4+ + o+ + 4+ 4+ 0+ + 4+ 4+ + 0 “© + 0o nwn + 4+ -+ 5
£ .
L 2
. wl —NMmen — NN - N M TN —Nn e N —N N e n - NN e - NN e n 4
4 o
L4
ﬁ L4 o o Fel O o o .Y
. - - ~ ~ ~ ~ "
0 [od oA
o’ 4
. V.L
- .
14 ]
3 ui
M -
. g s
p - .
. 9 5 4
b w v
. 2 " Y
bt .
’ L
. '
K 9| 9
- <
' -
. o
s .
B
.
h
u
K
‘.
P LS




TR

APPENDIX F (Cont'd)

XA X inn

Autoclave Cy. ‘e
3

Chemiclave Cycle
s

$ $ S 5SS S§ S S S

+ + + s

4s

$ 5SS 5SS S S S S

$ $ 8§ 5 S S S S s S

L I B S R I

+ ¢+ + + + S5 5§ S S
+ + + 85 S S5 S S S S

$ §$ S S S 5SS S5 S

73 wnn
o R
[ + 0+
(2] +n o+
v + 0+
(2] + w4+
£} + n +
n + n
[’ + n o+
[ + 4+ o+
[ + 4+ 4
7] + & &
wn + 4+
[ +
w + + +
L) + + &
+ + .+
+ + + ¢+
+ + + 4+
+ + + 4+
[, -~
]

. BRI

+ 5§ S 85 S S S S S S
+ + + 5 5 S S S S S

+ ¢+ e
L B 2 2 B R I

>

+ 4+ + ¢ s

LR B R B AR A e

ta

Diama

+ 4 ¢+ + ¢+ & + S S S
+ +# ¢4 ¢+ S S § S5 S5 S
+ + ¢+ 5 S S S S S S
+ S S5 5SS S S S5 s s

L A B 2 R IR 2R K IR 2

LR I B B B IR I I

+ s
LR JEE L JEE TR R R 2 2 2

OO

+ ¢+ + ¢+ 4+ ¢+ +# 85 S5 S

+ 5 5 S S S S S s S

L I I B R I R B 2

1]

+ + o+t

P A

+ + 5 5SS S S S S S
+ + + + &5 S S S S
+ +# ¢+ ¢+ 5§ 5§ 5 S § S

+ + + + o+

LR JEE R JEE SR B I 2 2 J

L I AR S R I R

+ S 5SS S S S 000
+ + ¢+ 5§ § S S 00

LR K R R R I B B R )

LA I I R I R R

2a

2

o oo
o oo
o o0
© oo
cow
© o w
o wnn
o wnwv
o wnwn
O n +
[ 3" I 3
wn 4+
v o+ 4
w o+
n + 4+
+ + 4
+ + +
+ + 4
+ + 4
+ s+
" wn
[z 0 v Y,

+4 + + 5 S S5 S S s s
+ $ S S S S S S S S
+ + + 58 5SS 5SS
+ + + + + 5 S S5 S S
$ $ S S S S S S S S

L I S T I I A
LR R NS B R

2b

LR I . R I I I I

LEE IR L I R R I 2 R J
LR 2R I B 2 T I

LI I R B B R T §$ § S $ S 8§ S S s S

+ + + 4+

2c

oaT e

+4 + ¢+ ¢+ + + + 5 S5 S
+ 5 8§ 5 S S S S S S
§$ $ 585 S S S S SsoO
+ + ¢S 5 S5 5 S S 8§

LR R T T
+ + + + + ¢ + + S5 S

+ + + e

$ $S§$ S S S S S S S

+ + + s

2d

. P
VLA L)

+ 4+ + ¢+ + ¢+ + S S
4 ¢4 ¢4 5 S 5 S S S S
+ 4+ + + + + + + 5 S
4 + +# 5 S 5 S S S S

LA R O R R
LR R RS O e

LR I D R R T I IR R

LR R RS

103

-

.

LT TR W S S SO I N Tt W

"y

adla,

AP R A
AT TRgT TPt P A

I N U T

-
")

S

-

b W T I W\

1

A
\
)



APPENDIX F (Cont'd)

Autoclave Cycle

Chemiclave Cycle

MANUFACTURER

10

+ S S5 S5 S§SS S S S S

+ + ¢+ + + + 4+ ¢ ¢+ S

LN IR R R I R S R R
LR R BN T 2 R 2 N 2

LR R R S B R 4

§$ $ 35 § S5 S S S S S

$ $ S 5 S S S S S S
$ S S S S S S S S S

+ + + 4 ¢+ + + 5 85 S

LR IR IR IR 0 T B A I 2

+ 5 S5 $ 55855 8s 5 S
+ +# 455 S S S5 S S

$ $ S5 S5 S S S s S

L 2R BEE K IR TN 2N N R B

4a

(R B EE IR I I A I

+ ¢ ¢+ 4+ + o+

§$ $S$ $ S S S S s S
+ ¢+ + + + + ¢ 5 5 S

L R JEE JEE BRI B A R

+ + 4+ttt

+ ¢ ¢+ + ¢+ S S S s S
+ + + + + + + + 5 S
$ S S S S S S S S S
$ $S S 00O0CO0O0O0

0 00O0O0DOO0O0O

LR R IR R R

Sa

[ A T B I
S $S S S S S s s Ss

$ $S 5SS S5 5SSSS

$ $S$ S 000000

+5$ 55 5SS S S S

00 00OCGO0O0O0O0UO0

+ + + + et

Jaro

[+

+ + + ¢+ ¢+ S S S 00
+ + 5SS SS 000
+ ¢+ + 5 S S S S S S
+S$ S S$ S S S S SS

¢ 00 0O0O0O0O0OTOCO

$ S5 5SS S$SS S S S
$ $ $ 5SS S S S S

§$ $SS 000O0O0O0TO
$ $S$ 5SS S S S s
0 000000 O0O0O0O0
$ $S00000O0O0O0CO

§$ $S$S 5SS S S S s S

+ +85 55 S S S5 s s
+ +5 5SS 5SS S5S
+ +#5S5SS§S S5 S S s
+ + + 4+ + + + 5SS
+ + 4+ + ¢+ + + ¢SS

b

S 0000O0O0CO0COO
$§ SSSS 00000
§$ $ S §$ S S Ss 000
$ S S S S S S s o0
§ S $ S5 55 0000

+ 4+ + ¢+ S S S S S S
+ + ¢+ ¢ 5 S S S § S
+ ¢+ + ¢ § S 5 S S S
+ ¢+ + + + 5 S 5 § S
4+ +$ S§S S S§S S S S

$ $ 8§55 8 S5 S S

+ + 5 8§ S S S S S S
+ ¢+ 5 58S S5 S S 5 S
+ ¢+ § 8§ S S S S S S
4 + + + + + S5 5 S S
+ ¢+ + + +# 5 S S5 00

2b

0 000O0O0OOOO 0O
0 000OCOOOO OO

$ $ 5SS 00000

00 00O0OOCO0COOO

$ 000 0O0O0O0CO0O0

+ + ¢+ ¢+ + +# 5 S S S
+# ¢+ + + 5 S S S S S
¢4 + $ 5§ S S S S S S
+ + ¢+ ¢+ 5 S 5 S § S
+ + ¢+ ¢+ 5§ S S 5 8 S

2c

$ $S5S0000O0O0CO0CO
$ $000O0O0CO0O0O0
$ 000 0O0O0COCOO
§$ §$S$S 5 S 000O0O0O0

104




. MR SO ,.‘..
R U T S - i AV AR AP R T .
R T - - .. 1 S R 3 .

m— QO NO no L7 R A R A o v wvwo LT BT BT AT ) W ww W, [ZIRT BN A A7 LT L BT I BT ] .
o 9_ o wnwownwo L7 T BT T, B, ] OO0 N uno LT I T B LT BT T IR, a7, ) LT I B I ) VNN NN ..u.
o of O v o wo w v nn oo wwuo L7 7. BT Y N7 3 @ VBV n o non NV nn a
n" 7- o wn o wnwo v vn v (=2 = BT BV, B =] NV n VNV Vn o+ WM VNW» [T N BT T I 4 i
m 5_ Qo wowno v vn oo nwnwo [ I R T I ) D+ d [ " B ) L N I I I 4 Kl
oxl 5— owmwowvo w N o0 v wuvo LT T I Y, B Tl U N IR 7 I [0 N7 BN IXY, ] NN s .,
M ‘— o v O wno VvV o wwvwvno R I I T ) ) VN [ B B I [T I R 4 ...
n| o wvwowno DN O v wvwvwo “w v nun [Z2R7 I 7 W 3 [ 3 A7 " " (7 2N J 7 I K
2_ o nowo L I T T ) o wnunno NV VNV LI R I [ 3 B B 3 3 w L. R ST B .
ul- oOwn O wno "NV n o wvwuvuwmo !wn NV n + V+ ¢+ [ B 7 I 3 “ - 4+ 4+ 4+ + .m
x
<
-~ (=] w
> l_ Do 77 I N ) ocwnmwnwne 27 I I Y ) + 4+ e e ++ E + 4+ e
W . o] v uwn Vv van o w4+ no nennn + e L N R B o + e+
~ ! o| N L7 I Y Y] nw e 0 [ 37, I I ) + + + + + 4+ z + 4+ 4+ :
” © ~| o n s 000+ [T I %] (7 37 7 I, 37 LR I 2 L N + e :
W M ol vunaoan + O n+ [ ) neonnn + e+ PR A Y + - % ...4
m o W v n+n s O 0N+ + 4+ 4+ 4+ 0 Vv n LI S + 4 e + s —t ...
W | a4+ s+ + 4+ 4+ 0+ + 4+ 4+ 4 L7 I Y ) + e, + . + -+ e+ -4
m vwn+ssan LR T 4+ 4+ 4 + 4+ 4+ LN A + 4t e DR A & k
LT I S I Y LR + s+ et + 4+ 4+ LR S S + ¢+ + e+ ..4
— + 4+ o+ + e+ e LR LR + 4+ 4+ 4+ 4 + 4+ + e+ s .A..A
4
=
w ~—Nnnewn —Nn e n ~—NMnen -NMen — N en —Nn e n —Nnen —N N en
L |
4 = 2 s 2 P 2 8 8 u

K

MANUF.
Mi | tex

]
D

o v e .
P AR
-n-,A- v 2y




. . v -
PR . D A AR T . . P '
A T | S i e LR T R | WS ' A...A.‘ .\

v~ v vy oy e - e~ Yy r Ty vy v ey, - L.
DA SN SNSRI IPL - iadh 4 A AMASA RN 411., RN b T T LT T AR A Y
ﬂ St e L AN . _ . .

m_ [ IR7 IR W AT O v wvnwn v o wn » v wvnn wvnnn v o nn Do n v nn o
. 9_ L Y I Y Y ) O v wvwnn v nown v v n N Vv n " nwvwvan v n L I BT I A ]
. -
P U o Voo n cCwnwvuvun R AR v n R ) » v nn WY non e vun .
.
. ﬂ.u ~ v on Cwvwvwwuun [ IK7 7 I v n e n [Z IR IV 3 W7 D n nnnns+
. >
. d o] B nn» O v wn IR B Vv nn v LT IR ] wwvwnnn L B B B 4
f.v ox- -J_ U N BT 7 BT Y o v wvwoan + + 4+ 4+ 0 L T B B I ] + 4+ 0w [ 37 37 IR 7] + v uvwun [ L T B 4 4
v.. M - v n v O wwnmwvwnv + 4+ 4+ 4+ w®n unnn 4+ ¥+ 0 VNVt *+ 0 N+
- ml + 0o nn Cwwvwvwn + s wnnn + 4+ 4+ (7 7 I A + o n Dnn o+ o+ - 4
v.. | R T I ) o wwvwnvuv LR I B 4 w»nnvnnn L R R L B B N v+ N+ A
5 - + N+ 4+ ownwvwuwn + 4+ U7 I IR I ) + bt [T 7 B R L7 S Y N7 27 TR Y 9
a o
. .A
! ﬂ .nlv_ + n 4+ + 0 o wn Vv * 4+ v wn nwnn + ¢+ + 4+ 4+ + + o [7, 3K K7 I N *
L W. . M + 0+ ¢ Qv wnn + e+ A N0 + 4+ + e+ + 4+ + o+ B+ o+ .._
 : e Y| of + 4+ +n ownwvuwn ko nnwnn + 4+ e+ L A R Y LR N Y N+t N+ ‘..L
o ” P.u 7— + 0+ + 0 o wvwwvwwvn + + + o+ L B B I I + 4+ +* + + + 4+ - + + + 4+ v+t > J
- >
. [ O + N+ 4+ L= B A 7} + o+ D A A AR + + o+ + ¢+ o+ + L R A K 4 -
o w - ol .J
. ° .
- m .w L 7 S A oOwwvwwvwn + 4+ e+ wovaan + 4+ 4+ 4+ + 4+ 4+ IR 7 I S 101_ ..A
v.. 5 <« + O+ 4+ Cvuwn + 4+ nwvun+ + e + -+ + + 4+ 4+ + . 4
g m s+ nwonwv + P S S Y + v nn s LR S P N Y LR S PR S
N L] R P S N+ o+ + 4+ e+ 4+ + o + 4 e+ +H e + 4. + 4+ s .4
b .
’
R |— + + + + & + 4+ o+ + 4+ 4+ * 4+ e + + + 4 4+ 4+ + +F + + 4+ + + 4+ + 4 :
L .
p',
. L
£ w —NMmen ~—NWN e N -~ NN e n -~ NN en ~ N "N e n — NN N —Nn.n -—Nn TN
3 . 4
. .
. .
. 133 hd L. ol L4 L3 o .a .-4
. 2 ~ ~ " - " - - o4
- -
-
B K
. d
'- ..-
y 1
b s ]
. w w 0" d
: 2 4 B
. a
. K
" D_ -1
= w
P




SASMMAASAS AR hAth G« (UMD A s MAENENDNE A ¥ AP M e

-

Kl
SURR §

—
" A _a.le

a™ a a

1
<
+
<
S

oltn S hgs Bode Acs S e 4

BB n v »n n nv [ N 7 ] v v nn v nn B nn L IR 3] «n " »n ]

H o o] wnmvwun w e n v n v nn Vv nn ”w o non Vo o+ (7T Y )
. v 8_ LT AT I I 4 V0N LB I ] U 7 B, o on [ S A7 B @D+ 0+ s [ N N 7]
ﬁ.‘ P.u ~| B+ N e v nn [ 2 B B 4 ¥+ wvonn vt nnn v+ o+ o+ "+
wm m ol N7 37 4 [ I Y I n v o+ (77 7 I I ru VLG 0+ vaon L 7 I o+ s
“.A. m w| (LI IV IR R 4 + 04+ +0n BNV » o+ + 4+ 0+ foounnn L R I T ) + + 4+ LR B AR
Wf M -| o+ s + VN e " n o+ + 0+ 4+ 4 +*+ N vV m+ n+wn + + o+ U 2R B R 2
ﬁ.. L) I B +OE s G+ + O+ o+ +on0n L R LR A R
A [T I R + 0+ B+ + 4+ 4+ 4+ 4 Vv on s IR Y S L T A 5 + 4+
w... -~ L + Vs e N+ 0n o+ + s L R I L I A + e + 4+ 2+
1_. -
2 d
w..\ W W_0+0.’+ + 0+ e [ A + 4+ 4+ 4 + 4+ 0+ + e L + + 4+ s+ ._
... M ol o L Y L7 I A Y 7. R O Y T IR Y + 4+ 0+ + L + s+ + 4+ 4+ + s L
w‘. S Y o e+ L I I I R A I e ] + 4+ 0+ + s L + 4+ - K]
w... ” n.u ~ + 4+ s + 0+ N+t e + 4+ 4+ 4+ + 4+ 0+ LR R + + 4+ 4+ o+ k
v). m I“- 6— + + N+ + 4 0N+ 0 + 4+ b * + 4+ >+ + 4+ + 3+ 4+ -+ + + & +* 4+ + o+ —n/U Ag
t m 2 nl ++ e+ +n+ s 4+ + e + s LR I R L L L R — ¢
WW-“. m ‘_ * 4+ * * e + ¥+ 4+ + 00 +* + + 4+ & * + 4+ + 4 * + 4+ + + 4+ 4+ > L R I I
a 3— + + s + + o + + + o+ LR R 2 2 4 + + + + + 4+ + + o+ + + o+ c.
-.. 2_ + 4+ + 4+ @ * 4+ 4+ > + 4+ + ¢+ + + + 4+ 4 L S + ¥ + + 4+ * +* 4+ + N

|— * 4+ 4+ 4 L BRI IR 3 + 4+ + >+ + + 4+ 4+ +* 4+ + 4+ + + 4+ + 4+ ¢+ + + + 4+ ..L

T
.t

——

o 3] hod [ L] [ ] o o " d
~ ~ ~ "y L " - — .
. d

.

T

< .

a .

o .
H 1

©

= 9

] R4
g "]
g 1

o -

-4 9

K
o
w Ry




APPENDIX F (Cont'd)

Autociave Cycle

Chemiclave Cycle
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