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NOTICES

When Government drawings, specifications, or other data are used for any purpose
other than in connection with a definitely related Government procurement operation, the
United States Government thereby incurs no responsibility nor any obligation whatsoever;-
and the fact that the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded by implication or
otherwise as in any manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any patented invention that
may in any way be related thereto.

Many of the items compared in this report are commercial items that were not
developed or manufactured to meet Government specifications, to withstand the tests to
which they were subjected, or to operate as applied during this study. Any failure to meet
the objectives of this study is no reflection on any of the commercial items discussed herein
or on any manufacturer.
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FOREWORD

"*rhLs technical report covers all work perfornmed under Contract F33615-72-C-1630
from I June 1972 to 30 November 1973. This manuscript was rleas;ed for publication by
the author in February 1974.

This contract with T'hc Boeing Commercial Airplane Company wNs initiatCd under
Manufacturing Methods Project 746-2, "Sleeve Coldworking Fastener Holes." It was
conducted under the technical direction of Captain Carlan Siliha, Metals Branch
(AFML/LTM). Manufacturing Tcchnology Division, Air Force Materials Laboratory,
Wriglt-Patterson Air Force Base, Ohio.

This program was accomplished at The Boeing Commercial Airplane Company in
Seattle. Washington, with Mr. Richard G. Christner as program manager. Mr. Joseph L.
Phillips as principal investigator, and Mr. Ray Hendricks as primary coordinator and director
of the testing program. Other personnel that supported the program in Boeing were DeVere
Linddh. Dave Reese. Tom Kane, Burke Dykes, Walt Swift. and Merrell Christianson.

Publication of this final technical report does not constitute Air Force approval of the
report's Findings or conclusions. It is published only for the exchange and stimulation of
ideas. Your comments are solicited on the potential utilization of the information contained
herein as applied to your present and/or future production and/or your maintenance
rework. Suggestions concerning additional manu facturing methods on this or other subjects
will be appreciated.

This program was accomplished as part of the Air Force Manufacturing Technology
Program, the primary objective of which was to develop on a timely basis. manufacturing
proccesses and techniques for use in economical production of USAF materials and
components for aircraft production.

This technical report has been reviewed and approved for publication.

H. A.JO& ON
Chief, Metals Branch
Manufacturing Technology Division
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ABSTRACT

In this 21-month program, optimized process parameters for sleeve coldworkingo of
fastener -holes have been developed, and the eflects of process and application parameters on
struct, ral performance have been defined for selected aluminum, titanium, and high-
strength steel alloys. The sleeve coldworking process for fastener holes is a process that uses
a tapered mandrel in conjunction with a disposable, prelubricated sleeve to compressively
prestress a significant size zone around each hole which offsets the stress concentration of
the hole itself. The sleeve method allows higher degrees of presfressing than possible with
other methods and offers potential for significant improvements in fatigue performance. In
addition, it does not require precision controls germane to other fatigue-rated hole
preparation/fastener installation systems. This technical report covers the results of this
21-month program. In addition to definition of optimized methods and the effects of
process and application variations upon structural performance, the results include
performance and economics comparisons for the process with other fatigue-rated hole
preparation/fastener systems.
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APPENDIX I

MATERIAL PROCUREMENT TEST REPORTS
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C-HETMICAL ANALYS4S

C M NP iIJ CS Mi '•) ig M Cu CO
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I C I&, ¢t 4 N 0 ft
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PS 1 A..Si
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Macro: OK
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LT
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 11A

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0.010 in.

Width : 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch
Material: 2024 T-851 CW Mandrel Major Dia. :0.3540 in.

Material gauge: 0.250 in. Lubrication: Fel Pro 300 (on sleeve)
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 30 ksi max.
Process: Drill, ream, CW & ream (1/64 in.) Test load: 8650 lb

Load ratio: (R) = 0. 1

Test Frequency: 6200/minute
Test Laboratory: Materials

2024 Test Engineer: D. Reese
0.025-in. interference Test Machine: Vibraphore (36 kip)

30 ksi

Hole Diameter Hole Finish .0

(inches) (RHR) rinfau
z Origin of Failure

100 2 *6-- and
0 A 0a-

I UU .. Remarks
A %- .o E U

o * a a

1 .3500 .3635 .3735 10 6 - .0240 .0135 200+F

.028 in. Bow cw

Al 2 .3500 .3635 .3735 15 12 - .0240 .0135 (Counter didn't work)

I 1 .3500 .3655 .3735 15 10 5 .0240 .0155
35 O.22 in.Bow c w

A2 2 .3500 .3655 .3735 20 12 - .0240 .0155

1 3500 .3635 .3735 20 14 - .C 70 .0135
-451 .024 in. Bow cw

A3 2 .3500 .3635 .3735 12 7 - .0240 .0135

> Taken at Minimum (midpoint) PRECEDING 83



PHASE I TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 11A

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fic. 2 Sleeve thickness: 0.010 in.
Width: 1.50 in. Sleeve orientation: 00
Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Toper: 0.045 inch/inch
Material: 2024 T-851 CW Mandrel Major Dia.: 0.3530 in.
Material gauge: 0.250 in. Lubrication: Fel Pro 300 (on sleeve)
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 30 kst max
Process: Drill, ream, CW & ream (1/64 in.) Test load: 8650 lb

Load ratio: (R) = 0. 1
2024 Test Frequency: 6200/minute -

0.025-in. interference Test Laboratory: Materials
30 ksi Test Engineer: D. Reese

Test Machine: Vibraphore (36 kip)

C
Hole Diameter Hole Finish .2

(inches) (RH R)
Z 0  Z , Z-"a Origin of Failure

a -C C w o a n d

U -- -n -0 -

1 .3505 3650 .3740 20 30 .0225 .0145

0 

i

A2 A E ~7

4 2 3505 3660 .3740 50 25 35 .0225 .0150 25

>• Taken at Minimum (midpoint)

84



PHASE I -TASK 2- OPTIMUM EXPANSION DEFINITION }
TEST NUMBER: 1B8

NOMINAL EXPANSION VALUE: 0.020 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

1 Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0.010 in.

Width: 1.50 in. Sleeve orientation: 0! -

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N ]
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch

Material: 2024 T-851 CW Mandrel Major Dia. :0.3540

Material gouge: 0.250 in. Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions p
Nominal hole size: M/ in. Nei stress: 30 ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 8650 Ilb

1'Load ratio: (R) - 0. l
Test Frequency: 6200!minute

2024 Test Laboratory.: Materials
0.020 in. interference Test Engineer: D. Reese

Test Machine: Vibraphore 136 kip) A

CHole Diameter Hole Finish .-

(inches) (RHR) OA n

.'ba." Origin of Failure ,

C ... .= - and 0

X U U ,, .Remarks

1 1 .3550 3655 3735 8 6 - .0190 .0105
422 .020 in. Bow Cw

B1 2 3550 3655 .3735 10 8 - 0190 .0105

It 1 .3545 3640 3735 10 8 - .0195 .0095 '

206 038 in. Bow cw
B2 2 3545 3b4U .3735 10 8 10 .0195 0095

1 3550 3665 .3735 8 6 0190 .0105
256 16 in Bow Cw

B63 2 .3550 .3660 .3,335 12 10 .0190 .0110

>• Taken at Minimum (midpoint)



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 1113

NOMINAL EXPANSION VALUE: 0.020 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

1 Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0.010 in.

Width: 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N

Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch

Material: 2024 T-851 CW Mandrel Major Dia. :0.3539 in.

Material gauge: 0.250 in. Lubrication: Fel Pro 300Con -sleeve)
Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 30ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 8650 lb
Load ratio: (R) = 0. 1

2024 Test Frequency: 6200/minute

0.020-in. interference Test Laboratory: Materials
30ksi Test Engineer: 0. Reese

Test Machine: Vibraphore (36 kip)

Hale Diameter Hole Finish .0

(inches) (RHR) -: & 9OA

* 6 - ;- " Origin of Failure

0, -, and2o" "1 'a R o k
b. E

1- 0~ E U

.1 3550 .3660 .3740 45 18 30 .0189 .0110

B I 310

4 2 3550 .3645 .3735 50 20 35 .0189 .0095

- - - --
> Taken at Minimum (midpoint)



PHAkSE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: iC

NOMINAL EXPANSION VALUE: 0,015 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axl Split
Configuration: Fig. 2 Sleeve thickness: 0.010 in.
Width: 1.60 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 nchinch
Material: 2024 T-851 CW Mandrel Major Die. : 0.3540 in.
Material gauge: 0.250 in Lubrication: Fel Pro 300"Con sleevel
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 30ksimax
Process: Drill, ream, CW & ream (1/64 in.) Test load: 8650 lb

Load ratio: (R) 0. I

2024 Test Frequency: 6200/minute
0.015.in. interference Test Laboratory: Materials

30 ks Test Engineer: D. Reese
Test Machine: Vibraphore (36 kip)

C
Hole Diameter Hole Finish .2 C

(inches) (RHR) .2_ _ _ __ • Origin of Failure

i n Vi i and
,, ' - , Remarks :

on E

.1 .3600 .3665 .3740 5 4 - .0140 .0065 V I L

113 .026 in. Bow cw
C4 2 .3600 3650 3735 8 5 - .0140 .0065

II 1 3600 3665 .3735 10 8 10 0140 0065

148 .010 in. Bow CW

C2 2 .3600 .350 3 3740 10 8 - .0140 .0050

1 3600 3650 .3740 8 5 - .0140 .0053

.105 016 in. Bow C:w
C3 2 .3600 3650 ./35 10 6 - .0140 .0050

> Taken at Minimum (midpoint) SMinimu



PHASE I TASK 2 OPTIMUM EXPANSION DEFINITION

TEST NUMBER: lID

NOMINAL EXPANSION VALUE: 0.010 in.

GENERAL TEST CONDITIONS DATE: 11/2/72

1. Specimen Description 3. CW Process
Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration' Fig. 2 Sleeve thickness: 0.010 in.

Width: 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0-75 in. CW Mandrel Taper: 0.045 inch/inch

Material: 2024 T-8s1 CW Mandrel Major D;a. :0.3540 in.
Material gauge: 0.250 in. Lubricaticn: Fel Pro 300 -on sleeve)
Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size:3/8 in. Net stress: 30ksimax
Process: Drill, ream, CW & ream (1/64 in.) Test load: 8600 lb

Load ratio: (R)-- 0. 1
2024 Test Frequency: 6200/minute

0.010.in. inte,-ference Test Laboratory: Materials
30ksi Test Engineer: D. Reese

Test Machine: Vibraphore (36 kip)

C
Hole Diameter Hole Finish .2

z U -Remars
EJ D and

, A

0 0z

.1 3650 .3680 .3735 15 10 .0090 .0030

50 .002 in. Bow cw

D1 2 .3650 3680 3735 18 12 -- .0090 .0030

, 1 .0 36024 15 10 jo.0090 .0020 -J
68 004 in. Bow cw

D2 2 .3650 3680 .3735 20 14 .0090 .0030

H 1 3650 3680 3735 18 10 - 09o .0030

2-1 .011 i. Bow CS D3 2 .3650 3680 .37,- 25 14 .0090 ,0030

> [ Taken at Minimum (midpoint)
8... .. 8



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: liE

NOMINAL EXPANSION VALUE: 0_0___In._

GENERAL TEST CONDITIONS DATE: 11/2 72

1. Specimen Description 3. CW Process
Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness:
Width: 3.00 in. Sleeve orientation: 0_-'_---___
"Hole spacing: _ _3.00In.. CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0.04 5 inch/inch
Material: 2024T-851 CW Mandrel Major Dio. :
Material gouge: 0.375 in, Lubrication: Fel Pro 300 ,on sleeve)
Surface Treatment: Shoteen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4in-. Net stress:
.1 Process: Drill, ream, CW & ream (1/64 in.) Test load: 25400 1b ___

Load ratio: _ R _ 0.1F, 2024 Test Frequency: 6so01minut.F• O.035-in. interference Test Laboratory: Mntorit30 ksi Test Engineer: " F~ e

Test Machine: Vibraphore (36 kiL

Hole Diameter Hole Finish .S .0
(inches) (RH R) ,A

Z c 6 Origin of Failure

C ~ n2  and

4) U j c
-- t 

i

1I 1 .7115 .7320 7480 25 15 25 .0349 .0205

S- -394

E4 2 .7115 .7320 .7480 30 18 20 .0349 .0205

S - -- - - • 431-

ES 2 .7125 .7320 .7475 45 20 25 .0339 .0195

fi

> Taken at Minimum (midpoint)

89

S• ••• • ._ .-- __



PHASE I - TASK2- 2 OPTIMUM EXPANSION DEFINITION

TEST NUMBER: HIE

NOMINAL EXPANSION VALUE: 0.035 i.

GENERAL TEST CONDITIONS DATE: 11/2/72

. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuratic n: Fig. 3 Sleeve thickness: 0.015 in.

Width: 3-00 in. Sleeve orientation: 00

Hole spacing: 3.00 m. CW Mandrel: ST 5300-CBM- 24 -0-N

Edge margin: 1.50 in. CW Mandrel Taper: 0,045 inch/inch

Material: 2024 T-851 CW Mandrel Major Dio. :0.7164 in.
Material gauge: 0.375 in. Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot peen
Fastener: None

rl 2. Hole P-eparation 4 Fatigue Conditions

Nominal hole size: 314 in. Net stress: 40 ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: _ 33,777 lb
Load ratio: (R) = 0. 1

2024 Test Frequency: 8000/minute
0.035-in. interference Test Laboratory: Materials

40 ksi Test Engineer: D. Reese

Test Machi ne: Vibraphore (36 kip)

C
Hole Diameter Hole Finish .0

4A 0
(inches) (RH R)

> Taken t Minimum (midpoint)

c--- V 29O)
ce -a

U 
Remarks



I,
PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMuER: lIE

NOMINAL EXPANSION VALUE: 0.035 in.

GENERAL TEST CONDITIONS DATE: 11/2!72

Specimen Description 3. CW Process

Zerc load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in.
Width: 3.00 in. Sleeve orientation: A0
Hole spacing: 3.00 in. CW Mandrel: ST 5300-CBM- 24 -0-N I

Edge margin: 1.50in. CW Mandrel Taper: 0-045 inch/inch -7

Material: 2024 T.851 CW Mandrel Mojor Die. : 0.7164 in

Material gauge: 0.375 in, Lubrication: Fel Pro 300 on sleeve)
Surface Treatment: Shot peen

Fastener: None

2- Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 35ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 29,500 lb
Load ratio: R - 0. 1

2024 Test Frequency: 8000/minute

0.035-in. interference Test Laboratory: Materials
35ksi Test Engineer: D, Reese

Test Machine: Vibraphore (36 kip)

C
Hole Diameter Hole Finish .2

(inches) (RHQ R)0 """. " Origin of Failure

C Z _ _ _, _ _ LJ
2 r - 5and

E -
V 1 0 U aRmt~

WL~ a E L)

< <2- ' - 9 - -- - -2° • - - -

I 1I 1 J115 .7340 .7480 35 16 35 .0349 .0225
S. .-.- 112 .029 in. Bow

"E2 2 .7115 .7340 .7480 35 12 32 .0349 .0225 Grip failure

1 .7115 .7340 .7480 40 10 28 .0349 .0225

. .. .- 107 .027 in. Bow cw

E3 2 .7115 .7335 .748 45 12 30 .0349 0220

> Taken at Minimum (midpoint)
91



PHASE I -TASK 2 -OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 11F

NOMINAL EXPANSION VALUE: 0,0215 10,0015 in.iA

GENERAL TEST CONDITIONS DATE: 11/2_72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in.
Width: 3.00 in, Sleeve orientation: 00
Hole spacing: 3,00in. CW Mandrel: ST 5300-CBM- 24 -0-N

Edge margin: 1.50 in. CW Mandrel Taper: 0.045inch/inch
Material: 2024T-851 CW Mandrel Major Dia. : 0.7164 in.
Material gauge: 0.375in. Lubrication: Fel Pro 300 (on sleevel
Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 30ksim x
Process: Drill, ream, CW & ream (1/64 in.) Test load: 25,4001b

Load ratio: (R) ý 0. 1
Test Frequency: 6500/minute

2024 Test Laboratory: Materiall
0.032-in. interference Test Engineer: D. Ree

30 ksi Test Machine: Vibraohore (36 kip)

Hole Diameter Hole Finish .2 C

0(inches) (RHR .2 0
00 U0~~ Origin of Failure

U~ 'ý- and
n A U 0.

l'I 1 .7140 .7340 .7480 44 20 30 .0324 .0200 ! t

S~392

.01 %n. 4)c

F-1 2 .7140 .7340 .7480 50 25 35 .0324 .0200 .02 i

1 .7165 .7345 7480 40 20 12 .0304 .0180 3
-" 1285/

F-2 2 .71l10 .7340 .7480 45 20 15 .0324 .0200 .009 in. Bow twI

"~ I .7150 .7345 .7480 45 20 25 .0314 .0195
S-J360o

F-3 FiL2. .7140 .7340 .7480 45 25 30 .0324 .0200 .022 in. Bow Cw

::> Taken at Minimum (midpoint)

92



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IIG

NOMINAL EXPANSION VALUE: 0,020to.5,in.

GENERAL TEST CONDITIONS DATE: 1112/72

Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015in.
Width: 3.00 in. Sleeve orientation: 00

Hole spacing: 3.00_in, CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.0 in, CW Mandrel Taper: 0.045 inch/inch
Material: 2024 T-851 CW Mandrel Major Dia. : .7164 in.
Material gauge: 0.375 in. Lubricotion: Fel Pro 300 on sleevel
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 30ksim
Process: Drill, ream, CW & ream (1/64 in.) Test load: 250500 1b

Load ratio: (R) = 0. 1

2024 Test Frequency: 6500/minute
0.027-in. interterence Test Laboratory: M jj____

30 ksi ae~j
Test Engineer: , _D. R _e_ _

Test Machine: Vibraphore (36 kip)

_:.7
Hole Diameter Hole Finish 0 .

(inches) (RHR)
"-a -... - Origin of Failure

2 - o- and
U a 16 _UA- , Ofu_ Remark s

.j_ L . ... E >-
0 E

lI 1 .7195 .7345 .7480 20 12 28 .0269 .0150

' 245 Grip tailure
G1 2 .7195 .7345 .7480 14 8 25 .0269 .0150 .020 in, Bow

1 .7195 .7345 .7480 10 8 75 .0269 .0150 6:
-. . [ _ _ . ... 297 .020 in. Bow V

G2 2 .7196 .7350 .7480 23 10 7n) .0269 .0155

1 7195 7350 7480 26 12 20 .0269 .0155 4297
G3 j 2 .7195 .7345 .7480 1 I 10 25 .0269 .0150 ,010 in. Bow

> Token at Minimum (midpoint)

93



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: _ _H_

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/2172

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in,
Width: 3.00 in, Sleeve orientation: . 00

Hole spacing: 3.00 A CW Mandrel: ST 5300-CBM- 24 -0-N

Edge margin: 1. CW Mandrel Taper: 0.045 inch/inch

Material: 2024 T-851 CW Mandrel Major Dia : Q.7164 in,
Material gouge: 0.375in. Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot peen
Fastener: None

2. Hale Preparation 4. Fatigue Conditions

Nominal hole size: 314in. Net stress: 35 ksimax _

Process: Drill, ream, CW & ream (1/64 in.) Test load: 291800 lb

Load ratio: (R) - 0. 1

2024 Test Frequency: 6500/minute
0.025-in. interference Test Laboratory: Materials A35 ksi Test Engineer: Q. Rees,

Test Machine: Vibraphore (36 kip)

CA
Hole Diameter Hole Finish .2 CC

A .2

-- - - -
~~ L6chs 'RHR X " Origin of Failure

-. • ,, I .,-•• : .__ __a____A il Io - r- . A -

0, U 0 - - ;E

if 1 .7235 .735 5 .7480 50 2 0 55 0 .022 9 .012 05

> Token at Minimum (midpoint)

94
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: __H

NOMINAL EXPANSION VALUE: 0.025in.

GENERAL TEST CONDITIONS DATE: 1112/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSk" Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0,015in.
Width: 3.0 in. Sleeve orientation: 00

Hole spacing: 1 CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0.045 inch/inch

Material: 2024T-851 CW Mandrel Major Dia. : 0,7164 in.
Material gouge: 0,375 in, Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 314 in. Net stress: 3Qksi max _ _

Process: Drill, ream, CW & ream (1/64 in.) Test load: 25.4001b
Load ratio: (R) 0= . I

2024 Test Frequency: 6500/minute
S0.025-in. interference Test Laboratory: Mfterials8

30 ksi Test Engineer: D. Reese

Test Machine: Vibraphore (36 kip)

Hole Diameter Hole Finish .0

, oa and
(inches) (RHR) o -

0b- - Origin of Failure
Z U.) " -4

U) g Remarks

*O 6

, 1 i .7235 .7355 .7480 32 17 45 .022$0 .0120 -1 L

H 164

2 2 .7235 .7355 .7480 50 25 42 .0229 .0120 .015 in. Bow cw

,, 1 .7235 .7355 .7480 60 23 45 .0229 .0120

1 274

3 2 .7236 7355 .7480 40 16 30 .0229 .0120 .025 in. Bow cw

,, 1 .7230 .7340 7480 35 15 20 .0o34 .0110 _ ___'I

H -_ -_ _181

4 2 .7230 .7340 .7480 30 12 25 .0234 .0110

j> Token at Minimum (midpoint)
95



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: nJ

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/10r72 _____

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig. 2 Sleeve thickness: 0.010 in.

Width: 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch

Material: 6AI4V Ti CW Mandrel Major Dia. : 0.3530 in.
Material gauge: 0.250 in. Lubrication: Fel Pro 300 (on sleeve) -

Surface Treatment: Shotpeen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: Seeremarks

Process: Drill, ream, CW & ream (1/64 in.) Test load: 20,200 1b
Load ratio: (R) = 0.1

6AI.4V Test Frequency: 6500/minute
0.025-in. interference Test Laboratory: Materials

60 and 70 ksi Test Engineer: D, Reese

Test Machine: Vibraphore (36 kip)

Hole Diameter Hole Finish .2 C/

(inches) (RHR) C -. _ A0?
Z U L6 LL.- .. Origin of Failure A

,u: ax o and
u: C UL-j U ueo0

SRemarks

< <,

II 1 .3500 .3625 .3735 70 30 25 .0220 .0125 • '|

2,197 60 ksi (1st run) cw
JA 2 .3500 .3625 .3735 60 25 20 .0220 .0125 591 70 ksi (cont'd run)

1 77

> Token at Minimum (midpoint)
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PHASE I -TASK 2 -OPTIMUM EXPANSION DEFINITION

TEST NUMBER: i

NOMINAL EXPANSION VALUE: 0.026 in.

GENERAL TEST CONDITIONS DATE: ______________ ___

I. Specimen Description 3. CW Process

[Zero load tronster, 2 hute, no CSK Sleeve type: Axial Split
Configuration: F ig. 2 Sleeve thickness: 0.010 in.
Wi dth: 1.50in. Sleeve orientation: 00
Hole spacing: 1.___0__in. _ CW Mandrel: ST 5300-CBM- 12 -0-N

[Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch
Material: 6A1.4V Ti CW Mandrel Major Dio. :0.3530 in.
Material gauge: 0.0250 in. Lubrication: Fel Pro 300 (n sleeve)
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8Bin. Net stress:. 70ksi max _____

Process: Drill, ream, CW & ream (1/64 in.) Test load: 20,200 lb

Load ratio:- (R)T 0. I
6A14VTest Frequency: 6500/minute

0.025-in. interference Test Laboratory Materials
70 ksi T est Engi neer: D. Reese

T est Ma ch Ine: Vibraphore (36 kiP)

Hole Diameter Hole Finish .2 C
V1 .2 w
C I(inches) (RH R) a

___ : 0. -0- Origin of Failure

aA a and

II 1 .3535 .3625 .3735 60 35 25 .0215 .0120 _
- 932

J2 2 .3505 .3625 .3735 70 30 20 .0215 .0120

11 1 .3495 .3645 .3730 20 10 15 .0225 .0150 I
______ ______- -181 Different mandrel cw

J4 2 .3495 .3645 .,3730 - 0225 .0150 ued -dia =3540 in.

L - -I- -

> Token at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: W_ _

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/10/72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig, 2 Sleeve thickness: 0.010in.
Width: 1.50 in. Sleeve orientation: 00
Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch
Material: 6A1-4VTi CW Mandrel Major Dia. :0.3 530 in.
Material gauge: 0.250 in. Lubrication: Fel Pro 300 (on sleeve)
Surface Teatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8in. Net stress: 80ksimax

Process: Drill, ream, CW & ream (1/64 in.) Test load: 23,100 lb
Load ratio: (R) - 0. 1

6AI-4V Test Frequency: 6500/minute
0.025-in. interference Test Laboratory: Mate&ils

80 ksi Test Engineer: D. Reese

Test Machine: Vibraphore (36 kip)

Hole Diameter Hole Finish .2 C
(inches) (RH R) 2

(•i nches) (RHROrigin of Failure

Zi
a ai -C a End

14 0

,350b .3625 .3735 60 30 0 .0215 .120

77 cw
J3 2 .3505 .3625 .3735 55 25 25 .0215 .0120

> Token at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: __ _

NOMINAL EXPANSION VALUE: 0.02r in.

GENERAL TEST CONDITIONS DATE: 11/10/72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig. 2 Sleeve thickness: 0,010 in.
; Wdth: 1.50 in. Sleeve orientation: 00

Hole spacing: 1,50 in. CW Mandrel: ST 5300-CWM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Toper 0.045 inch/inch.
Moterial: 6AI.4V Ti CW Mandrel Major DOa. :0.3540 in.

Material gauge: 0.250 in. Lubrication: Fel Pro 300-"Con sk:evvu
Surface Treatment: Shot peen

Fastener : None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8irn Net stiess: 75ksimax

Process: Drill, ream, CW & ream (1/64 in.) Test load: 20,1001bh
Load ratio: (R) 0. 1

, 6A.4V Test Frequency: 6500/minute
0.025-in. inierlerence Test Loboiutory: Materials

75 ksi Test Engineer: D. Reese .Test Machine: Vibraphare 136 kip) -A

cHole Diameter Hole Finish .2(inches) (RHR) -

S"Orgin of Failure... 0 o
"6 "6 • and

' R

0 . ..UI 0
0 :: 0 a4 E

11 1 .3495 .3645 .373U 15 10 15 .0225 .0150

J5 2 .3495 .3645 3730 - - - .0225 .0 150

I _ _ _ _ _ _ _ _ _ _ ._ _._ _ _

> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IlK

NOMINAL EXPANSION VALUE: 0.016 in.

GENERAL TEST CONDITIONS DATE: 11/101'2

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0.010 in.
Width: 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 In. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: _ 0_,15 _ n,_-__ CW Mandrel Toper: 0.045 inch/inch

Material: SAI-4V Ti CW Mandrel Major Dia. :0.3540 in.
Material gouge: 0,250 in. Lubricoti on: Fel Pro 3o"on- see-ve)
Surface Treatment: Shot peon
Fastener: None

2. Hole Preparation 4. Fatigue Conidtlcns

Nominal hole size: 3/lin. Net stress: 70ksi max
Process: Drill, ream, CW & ream (1/64 in.) Test load:

Load ratio: (R) 7 0. 1
6AI-4 V Test Frequency: .500/minute

0.016-in. interference Test Laboratory: M ________

70ksi Test Engineer: p. Rgim

Test Machine: V

Hole Diameter Hole Finish .2 a

(inches) (RI-IR) -

0u--g ' • -2 Origin of Failure

C Z ~~n
a I
U --c an

..!-- I *zit
L. 0 V a E

11 .3560 .3665 .3730 15 10 15.0170 .0096 19
K - iI-1 196

4 2 1 ,3560 .3660 .3730 - - - .0170 .0100

11 1 .35O .3656 3730 is 10 15 .0170 09

5 2 .350 .3856 .3730 - .- 0170 .00o6

>Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IlK

NOMINAL EXPANSION VALUE: 0.02 in.
rt

GENERAL TEST CONDITIONS DATE: 11/10172

1. Specimen Description 3 CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0.oioin.
Width: 1.50 in. Sleeve ori entati on: 00
Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBv- 12 -(;-N
Edge margin. 0,75 in. CW Mandrel Taper: 0.045 inch/inch

Material: AI-4V Ti CW Mandrel Major Dio. :0.3530 in,
Material gauge: 0.2b0 in. Lubrication: Fel Pro 300 (on-ý-STeu-vtw
Surface Treatment: Shot peen

Fastener: None

2, Hole Preparation 4. Fatigue Conditions

Nominal hole size: 318 in. Net stress: 80ksimax
Process: Drill, ream, CW & ream (1/64 in.) Teot load: 23.000 lb

Load ratio: FR 0. 1

6AI-4V Test Frequency: 6500/minute
0020 in. interference Test Laboratory: Materials

80 ksi Test Engineer: D. Reese

Test Machine: Vibraphore(36 kip)

Hole Diameter Hole Finish .0

(inches) (RHR) Oinfau
Z -L6.- O rigin of" Failure

IL .'6 -0 and
E u -E

E: (11 uZ ~ *' Remarks

L. Ean 0 0 E L)

.3560 .3635 .3730 60 30 20 .0160 .0075J .F
S• ' -58

K1 2 .3560 .3635 .3730 70 35 16 .0160 .0075

- - - -

> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IlK

NOMINAL EXPANSION VALUE: 0.0201n.

GENERAL TEST CONDITIONS DATE; 11110/12

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig. 2 Sleeve thickness: O.OO in.

Width: 1.50 in. Sleeve orientation: _ 0°

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBA- 12 -0-N
Edge margin: 0,75in. CW Mandrel Toper: 0.045inch/inch

Material: 6AW4V Ti CW Mandrel Major Dia. : 0.3530 in.
Material gauge: 0.250 in. Lubrication: Fel Pro 300 (on sTeevel

Surface Tr'.otment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8in. Net stress: 75ksimax

Process. Drill, ream, CW & ream (1/54 in.) Test load: 21,800 1b
Load ratio: (R) 0 0. 1

6AI-4V Test Frequency: 6500/minute
0020-in. interference T"est Laboratory Materials75 ksi Test Engineer: 0. Rews

Test Machine: Vibraphore (36 kip)

I
Hole Diameter Hole Finish oa

S(inches) (RH R) A:•..••
Z (n s6,) U Origin of Failure

U and

"6• . Cie Remarks

2L E
6 .. 2

1I .3555 .3635 .3730 80 45 20 .015 .0080
K2...

.3365 .3635 .3730 75 35 15 .0160 .0075 113

i L T-

[ Taken at Minimum (midpoint)

102



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IIK

NOMINAL EXPANSION VALUE: 0.020 in.

GENERAL TEST CONDITIONS DATE: 11/i0or

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig, 2 Sleeve thickness: 0.010 in.
Width: 1.50 in. Sleeve ori entat;n: 00
Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -(,-N
Edge margin: 0.75 in. CW Mandrel Toper: 0.045 inch/inch
Material: 6AI.4V Ti CW Mandrel Major Dia. :0.3530 in.

Material gouge: 0.250 in. Lubrication: Fel Pro 300-'o-nsleevei,
Surface Treatment: Shotpeen
Fastener : None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/Bin, Net stress: 70ksimax
Process: Drill, ream, CW & ream (1/64 in.) Test load: 20,200 1b

Load ratio: (R) - 0. 1

6AI-4V Test Frequency: 6500/minute
0020 in. interference Test Laboratory: Materials

70 ksi Test Engineer: D. Reese

Test Machine: Vibraphore 436 kip) =

Hole Diameter Hole Finish .2

0 (inches) (RHR) Ao
U t mand

0 U Z .2~
U'.( Remorks

11 1 .3565 .3635 .3730 60 30 15 0155 .0070

ew
K3 2 3555 .3635 .3730 75 40 20 .0165 j 0080 224

11 1 .3560 .3655 .3730 15 10 15 .0170 .00961

Different mandrel CW
K4 2 3560 .3655 .3730 - - - .0170 .0100 196 used-dia = .3540 in.

I >I> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IL

NOMINAL EXPANSION VALUE: 0.0t5 in.

GENERAL TEST CONDITIONS DATE: 11110/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: AxiaI Split
Configuration: Fig. 2 Sleeve thickness: 0,010 in.
Width: 1.50 in. Sleeve orientation: 00

Hole spacing: 1.50 in. CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin-: 0.75 in. CW Mandrel Taper: 0.045 inch/inch
Material: 6AI-4V Ti CW Mandrel Major Dia. :0.3530 in.
Material gauge: 0.250 in. Lubrication: Fel Pro 300 (n sleeve)
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 318in. Net stress: 70ksimax
Process: Drill, ream, CW & ream (1/64 in,) Test load: 20,200 Ib

r! Load ratio: (R) 0 0. 1

6AI-4V Test Frequency: 6500/minute
0.015-in. interference Test Laboratory: Materials

70 ksi Test Engineer: D. Reese
Test Machine: Vibraphore (36 kip)

Hole Diameter Hole Finish .0 C0

o (inches) (KHR) a O

Z a

WA , Remarks
S4 ", •• and

W ) E

1 3615 .3650 .3730 8o 45 15 .010o .0035
__- 102 -

Li 2 .3615 .3650 .3730 70 45 20 .0105 .0035

1 .3615 '3650 .3730 80 50 10 .0105 .0035
140 Ccw

L2 2 .3610 .3650 .3730 60 40 15 .0110 *0040
-- -. a - - - - - ,,

1 1 .3610 3650 .3730 50 35 20 .0110 .0040

L3 2 .3615 .3650 3730 60 40 15 .0105 .0035 1w ;

•> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: lIM

NOMI NAL EXPANSION VALUE: 0.010 in.

GENERAL TEST CONDITIONS DATE: 11/10/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configurati.on: Fig. 2 Sleeve thickness: 0.010 in.
Width: 1.50 in. Sleeve or;entation: 00

Hole spacing 1.50 in, CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75 in. CW Mandrel Taper: 0.045 inch/inch
Material: 6AI-4V T, CW Mandrel Major Dia. :0.3530
Material gouge: 0.250 in. Lubrication: Fel Pro 30d-(on sleevel
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 70 ksi max
1< Process: Drill, reum, CW & ream (1/64 in.) Test load: 20,100:b

Load ratio: 7R7 ;- o 1

6A1-IV Test Frequency: 6500/minute
O.(010-in. interference Test Laboratory: Materials

70siTest Engineer: D. ee3
Test Mozhire: Vibraplhore t36kip)

Hole Diameter Hole Finish , .

-(7.ces) (RHR, , Origin of Failure

U

Z _ -C' ~ and
- U (D - -, - Remarks0 A.I0) 4).->

0. I

I0
II 1 .3665 .3675 .3735 j70 .10 20 .0055 .001n

Ml 2 .3660 .367,1, .3735 60 30 25 .0060 .0015

"1i 1 .3660 .3675 .3735 60 35 18 .0060 .0015 7w

- 57
M2 2 1.3660 .37 .335 7 40 25 C)57lr V

11 1 .3660 .3735 70 35 15 .0060 .0015

M3 j2 .3660 .3675 .3735 75 45 20 .0060 .0015 C

> Token at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: fIN

NOMINAL EXPANSION VALUE: 0.035 in

GENERAL TEST CONDITIONS DATE: 11/10/72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015in.
Width : 3.00 in. Sleeve orientation-: 00
Hole spacing: 3.00in, CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0.045 inch/inch
Material: 6AI-4V Ti CW Mandrel Major Dia. :0.7140
Material gouge: 0.375 in, Lubrication: Fel Pro 300 on sleeve)
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4inr Net stress: 70ksimax _

Process: Drill, ream, CW & ream (1/64 in.) Test load: 60.3001b
Load ratio: (R) : 0. 1

6AI-4V Test Frequency: 4500/minute
0.035-in. interference Test Laboratory: Materials

70 ksi Test Engineer: O. Reese

Test Machine: Vibraphore (100 kip)

C
Hole Diameter Hole Finish .2 C0

(inches) (RHR) -

* - - "'• Lb Origin of Failure

a 0 - C - and

.2. .0

"• t° U o 0 ,u._.-•. • Remarks

i E

II 1 .7095 .7290 .7485 100 45 20 .0325 .0195

106
"N1 2 .7095 .7290 .7485 - - - .0325 .0195 _w

11 ý1 .7095 720 7485 - . .0325 .01935
654

N2 2 .7095 .7290 .7485 - - .0325 .0195 cw

If 1 .7095 .7%90 .7485 100 5020 .0325 .0195 3

N3 2 .7095 .7290 7485 - .0325 .0195 icolored cw

> Token at Minimum (midpoint)
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t lPHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 110

NOMINAL EXPANSION VALUE: 0.030 in,

GENERAL TEST CONDITIONS DATE: 11/10/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig. 3 Sleeve thickness: 0.015 in. -A

Width: 3.00 in. Sleeve orientation: 00

Hole spacing: 3.00 in. CW Mandrel: ST 5300-CA- 24 -(!-N

Edge margin: 1.50 in. CW Mandrel Toper: 0.045 inch/inch
Material: 6AI-4V Ti CW Mandrel Major Die. :0.7140

Material gauge: 0.375 in. Lubrication: Fel Pro 306-nsltvi
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4 . Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 70ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 60,200 lb
Load ratio: (R) - 0.

6AI-4V Test Frequency: 4500/minute
0.030.in. interferernce Test Laboratory: Materials

70 ksi Test Engineer: &. Reese

Tesi Machine: Vibraphore (100 kip)

Hole Diameter Hole Finish .2

(inches) (RHR)z J" - --• ' Orign of Failu,-e
0 a E• "',o --•c 4 and

E t

A- W% E

1 II.73 729 .~7485 80 35 10 . _29 _06

7130 95

01 2 .7145 .7295 7485 - - - .0275 .0150 CW

.2 1 7130 .7295 .7485 - .0290 .0165
___ ___ ____- __ __ - .-- 78

u2 2 .10 .7296, .748r, - - .0280 1.0 156,

I1 1 .7130 .7295 .7485 90 45 15 .029U .0165

Ii! ., 60
03 2 .7140 7295 .7485 - - .0280 .0155 CW

*> Taken at Minimum (midpoint)

S. . . .. .. . . .. 10 7



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 110_.._-___

NOMINAL EXPANSION VALUE: 0.030in.

GENERAL TEST CONDITIONS DATE: 11/10/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in. -_-_
Width 3.00 In. Sleeve orientation: 00

Hole spacing: 3.00 in. CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0.045 inch/inch

MatLrial: 6AI.4V Ti CW Mandrel Major Dia. : 0.7140

Material gauge: 0.375 in. Lubrication: Fel Pro 300 on sl7eeve)

Surface Treatment: Shot peenw
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 70 ksi max
Process: Drill, ream, CW (not postreamed) Test load: 60,100 lb

Load ratio: (,R) - 0. I

6AI-4V Test Frequency: 4500/minute
0.030-in. interferunce Test Laboratory: Materials

70 ksi Test Engineer: D. Reese

Test Machine: Vibraphore (100 kip)

C&

Hole Diameter Hole Finish , _

Z (inches) (RHR) _
Z dU 3Origin of" Failure

.) E "0 and

U U ," Remoks
0• .- L

1 .7140 .7290 - - .0290 .0150

04 2 .7140 .7290 - 25 20 - .029 0150 cw

1 7140 .7290 - 25 20 - .0290 .010 J L
05 2 .7140

05 2 7140 7290 - 25 20 - .0290 .0150

> Token at Minimum (midpoint)

o10



PHASE I TASK 2 OPTIMUM EXPANSION DEFINITION

TEST NUMBER: lip_ _ _

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 11/10/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in. (thin out .001 in.)-Width : 3.0i.Sleeve orl entati on:0

Hole spacing: 3.00 in. CW Mandrel: ST 5300-C BM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0,.045 inch/inch
Material: 6AI-4V Ti CW Mandrel Major Dio. :0 .7 14 0 in,
Material gauge: 0.375 in, Lubrication: Fel Pro 300"-on sleevt')
Surface Treatment: Shotpeen
Fsoteneg : None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 7__ k_7 max __

Process: Drill, ream, CW & ream (1/64 in.) Test load: -- 60, 300 .b
Load ratio: (R') 0. 1

6AI-4V Test Frequency: 4500/minute
0.025-in inierterence Test Laboratory: Materials

70 ksi Test Engineer: D. Res _

Test Machine: Vibraphore (9Q0kipj..

CI

Hole Diameter Hole Finish .2 0

(inches) (RH R)
Z Origin of Failure

C Z __ VLa ~ ~ -

__ -1 -r~ *- and
- ~~ Remarks

V,

II 1 .7190 .7306 .7485 00 35 20 .0230 0115
P " 5 - -52

1 2 .7185 .7305 .7485 - - - .0235 .0120

1 .7185 .7306 .7485 - - - .0235 .0120 A L

p - ------ - - - -71

2 2 .7190 ,7365 .7485 - - - .0230 .0115

I 1 1 .7190 .7305 .7485 80,' 35 20 .0230 .1011 ______

P -53 CWY

3 2 .7185 .7305 .7485 - - .0235 .01201

> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: Iai

NOMINAL EXPANSION VALUE: 0.020in.

GENERAL TEST CONDITIONS DATE: 11/10/72

Specimen Description 3 CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fig. 3 Sleeve thickness: 0.015 in.
Width: 3.00 in, Sleeve orientation: 00

Hole spacing: 3.00in. CW Mandrel: ST 5300-CBM- 24 -0-N
Edge margin: 1.50 in. CW Mandrel Taper: 0.045 inch/inch
Matorial: 6AI-4V Ti CW Mandrel Major Dia. : 0.7140 in.
Material gauge: 0,375in. Lubrication: Fel Pro 300 on sleeve)
Surface Treatment: Shot Peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 7 mx_

Process: Drill, ream, CW & ream (1/64 in.) Test load: 60'100 lb
Load ratio: (R) - 0. 1

6AI-4V Test Frequency: 4600/minute
0.020.in. inteffi•ence Test Laboratory:Rea 1k

70 ksi Test Engineer: p. gS.IA
Test Machine: -Vibraphore (100kip)

Hole Diameter Hole Finish .2

o ,o s(ic)s (H and

3-.8) < q, . , ReA-ars

12 .723 .7315 L485 8 5 i .018o F0

a 0

- 47 -25
2 2 .7240 .7315 .7485 . . -.. 0180 .00751

Ii | .7235 .7315 .7485 - ,- - .0185 .0080 "-JJ )wI 0

o t C 44

2 .7240 .7315 .7485 8 5 1 .0180 .0075

>• Taken atMinimum (midpoint)110 1 t

a 7.
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IIR______

NOMINAL EXPANSION VALUE: NONE-

"GENERAL TEST CONDITIONS DATE: 11/17/72

1. Specimen Description 3. CW Process (notured)

Zero load transfer, 2 hole, no CSK Sleeve type:

Configuration: Fig. 3 Sleeve thickness:

Width: 3.00 in. Sleeve orientation:

Hole spacing: 3,00 in. CW Mandrel: _

Edge margin: 1-50 in CW Mandrel Toper:

Material: 6A14V Ti CW Mandrel Major Dia.:
Material gauge: 7 Lubrication:
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions
Si!m

Nominal hole size: 3/4 in. Net stress: 70ksi _ _

Process; Drill and ream only Test load: 59,300 , lb

Load ratio: (R) - .1

6AI-4V Test Frequency: 4500/minute
Peamed only Test Laboratory: Materials .. ._

70 ksv Test Engineer: Ie

Test Machine: Vibraohore 1_00 kip)

C

Hole Diameter Hole Finish .0 C
.2

(inches) (RH R) A- -

Z 0  _ Origin of Failure
C Z _

w- a and

.•- n Ten a

3: 0

0 .71 - r25

4)~~ MMnium 4 Z c Z eak

< 28

2 2 - .75100 25 -

-1 -1 .7002

> Taken at Minimum (midpoint)



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 11S

NOMINAL EXPANSION VALUE: 0.025 in.

GENERAL TEST CONDITIONS DATE: 1217i72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Noneused
Configuration: Fig. 2 Sleeve thickness: -

Width: 1.50 in. Sleeve orientation: -

Hole spacing: 1.50 in. CW Mandrel: Push (design per BAC 5972)
Edge margin: 0.75 in, CW Mandrel Taper: 0.030 in./in.
Material: 300 M steel CW Mandrel Major Dia. :0.3580
Material gauge: 0.250 in, Lubrication: Fel Pro 300
Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 110ksimax
Process: Drill, ream, CW & ream (1/64 in.) Test load: 31.4001b

Load ratio: (R) = 0.1
300M Test Frequency: 7000.rmin

0.025-in. interference Test Laboratory.: Materials
110 ksi

Test Engineer: D. Reesc

Edges cupped on fracture surface from effect Test Machine: Vibraphore (36 kip)
of shot peen; hole edges similar

Hole Diameter Hole Finish .2 C
2• Z(inches) (RR0].

(ic e-) ROrigin of Failure

Z LU b'
E 0 and

3r ... 2 a
o au uAe Remarkes

a E

I 1 0-3335 0U3505 0.3725 90 75 20 0.0245 0.0170 J :L J
- _ _ _ _- - -253 t

S1 2 03335 0.3505 03725 -- - 0.0245 0.0170 2w

1 0 3330 0.3505 0 3725 85 70 25 0.0250 0.0170 2
-. 249 t

52 2 0.3335 0L3505 0.3725 - - - 0.0245 0.0170 cw

1 0.3335 0.35U5 0.3730 90 75 60 00245 0.0170 Ji
-- 135 t

cw
S3 2 0.3335 3510 0.3725 - -- 0.0245 0.0175 Hole not fcleaned up

> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: liSA

NOMINAL EXPANSION VALUE: 0021 in.

GENERAL TEST CONDITIONS DATE: 11/27/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig. 2 Sleeve thickness: -

Width: 1.50 in. Sleeve orientation: -

Hole spacing: 1.50 in. CW Mandrel: Push (design per BAC 5972)

Edge margin: 0.75 in. CW Mandrel Taper: 0.045 in./in.

Material: 300o r steel CW Mindrel Major Dia. : 03580
Material gauge: 0.250 Lubrication: Fel Pro 300--
Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 38 in. Net stress: 110 ksi max
Process: Drill, ream, CW & ream (1/64 in.) Test load: 31.3001b

Load ratio: TR) = 0. 1
Test Frequency: 4000/min

300M Test Laboratory: Materials
0 021 in. oteiference Test Engineer: o. Reese

110 ks Test Machine- .',braphore (100 kip)

tC

Hole Diameter Hole Finish .2 C

(inches) (RHR) 0 O Z
___•t K , 5. Origin of Failure

N u z6 -" : no U 0 and

",". - -0 Remari~s
Q.V) E0 E • a' a S

1 1 0.3370 0.3510 0.3720 35 1? 20 0.0210 0.0140 I55 t
S4A 2 03370 10 3510 0.3725 1- - 0.0210 0.0140 CAN

0.3370 0.3515 0.3720 30 15 20 0.0210 00145
• -44 t

S54 2 0.3370 03515 0.3720 0.0210 0 14bC/w

STaken at Minimum (midpoint) 113



PHASE I- TASK 2- OPTIMUM EXPANSION DEFINITION

"TEST NUMBER: II SB

NOMINAL EXPANSION VALUE: 0.023 in.

GENERAL TEST CONDITIONS DATE: 11;'27i72

1. Specimen Description 3. CW Process

Zero lood transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig. 2 Sleeve thi ckness:

Width: 1.50 in. Sleeve orientation: -

Hole spacing: 1.50 in. CW Mandrel: Push (design per BAC 5972)

Edge murgin: 0.75 in. CW Mandrel Toper: 0.045 inn.

Material: 300 M steel CW Mandrel Major Dia. : o.3580

Material gauge: 0250 in. Lubrication: Fel Pro 300

Surface Treatment: shot peet

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3..8in. Net stress: 110 ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 31,3001b
Load ratio: (R) 0, 1
Test Frequency: 4000/min

300M Test Laboratory: Materials

0.023-i. interference Test Engineer: D. Reese

S110 k• Test Machine: Vibraphore (36 kip)

Hole Diameter Hole Finish .2 C

(inches) (RHR) 0 " LEI rnfa eI. 6 - Origin of Failure

• Z w :
E _•o •E 5 0__•. f= 0"-.

" ".. Remarks
"0- w '- 0 -. E

oV0 ) 0 (D E 0
J0 .- 0

1 03350 0.3510 0.3720 30 15 20 0.0230 0.0160

-. . .. Malfunction t

S6A 2 0.3350 0.3500 0.3720 - - - 0,0230 0.0150 cw

1 0.3350 0.3500 0.3720 35 18 20 0.0230 0.0150 144

S7T 2 03350 10.3505 0.3720 - - - 0.0230 0.0155 cw

> Taken at Minimum (midpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER; 11T
NOMINAL EXPANSION VALUE: 0020

GENERAL TEST CONDITIONS DATE: 12/7!72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
"Configuration: Fty 2 Sleeve fhickness: --

p Width: 1.50 11 Sleeve or;entot on: --

Hole spacing: 1.50 in. CW Mandrel: Push (design pe, BAC 59,2)
Edge margin: 0.75 in. CW Mandrel Toper: 0,03U in.n.
Material: 300M steel CW Mandrel Major Dao. : 0.3580
Material gauge: 0.250 in. Lubrication: Fel Pro 300
Surface Treatment: Shot peen
Factenei: None

2. Hole Prepaiation 4. Fotiguv Conditions

Nominal hole size: 3/8in. Net stress: 110ksimax
Process: Dtill, ream, CW & ream (1/64 in.) lest load: 31,4001b

Load ratio: Fý - 0. 1
300M Test Frequency: 6000/4000/min

0.020 111. 1te, lfe ,nc e Test Laboratory : M aterils
110 ksM

Test Engineer: D. Reesp.

F ,Li rI ,LT u s -u I I ,e( fI (IuI, s itut I, wtn eftect Test Machine: Vibraphurt (36 & 100 kip)

Hole Diameter Hole Finish .2* I 0,. . . .

(inches) (RHR) -/_"
- 2 Origin of Failure

O. ._ U , RemaoU-sLU."

n o U' Q o 6o ' r- u :2 an',, .. I -a .. .

1 ,0.3390 0.350b 0.372b 60 50 15 0.0190 0.0115

_ . {Ij--- -- 75?:S1 2 U 0.350b 0.3726 -. . 0.0190 0.0115 100 kip ,u,•u..c,,e
0 033J0 0.3b10 0-3/2b 60 50 20 0.0190 00120 :~ 3 t

12 2 10,3390 Ui3blo 0310 721; - 0.0190 00120 36ki p ,,

-- 70

1I 3 90 33U 0 3b 10 03/ 152 0.0190 0.0120 3 i ahm

1-- oTaken at Minimum (midpoint) 115



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: ii u
NOMINAL EXPANSION VALUE: .0b5 in.

GENERAL TEST CONDITIONS DATE: 12,'7/72

1, Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig. 2 Sleeve thickness:
Width: 1.50in. Sleeve orientation: -

Hole spacing: 1.50 in. CW Mandrel: Push (design Der BAC 5972)
Edge margin: 0.15 in, CW Mandrel Toper: 0.030 in/in.
Material: 300 M steel CW Mandrel Major Dia. : 0.3580
Material gauge: 0.250 in. Lubrication: Fel Pro 300
Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8 in. Net stress: 110 ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 31,4001lb

Load ratio: (R) 0. 1
30GM Test Frequency: 7000/4000/min

0,015-in. interference Test Laboratory: Materials
S110 Ksi Test Engineer: D. Reese

Failure edges corniced from shot peen effect Test Machine: Vibraphore (36 & 100 kip)

, - a , -

Hole Diameter Hole Finish .9

0 (inches) (RH R) Oin Fl
z US "o Oii of Failure

- -Z-- -... 10 candz i E - t..1 a-

i1 1 0.3435 0.3515 0.3730 85 70 I25 0.0145 0.0080
U 1 2 0.3435 03515 0.3723 0.0145 0.0080 36 kip machine

K -1|

11 1 0.3435 0.3515 0. 3 730 85 70 25 0,0145 0.0080

U2 2 0.3435 0.3515 0.3730 - .-00145 0.0080 36 kip machine

11 1 0.3435 0.3515 0.3730 85 70 10 0.0145 0.0080

I 1. I- 55 c :w

U3 2 0.3430 0.3515 0.3730 , - - 0.0150 0.0085 36& 100 kip
.I I , machine

116 > Taken at Minimum (midpoint)



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: IIV

NOMINAL EXPANSION VALUE: 0.010 in.

GENERAL TEST CONDITIONS DATE: 12/7/72

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig. 3 Sleeve thickness: -

Width: 1.50 in. Sleeve orientation: -

Hole spacing: 150 in. CW Mandrel: Push (design per BAC 5972)
Edge margin: 0.75 in CW Mandrel Taper: 0.030 in/in.
Material: 300 M steel CW Mandrel Major Dia. : 0.3580
Material gouge: 0.250 in. Lubrication: Fel Pro 300
Surfac'. Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 318 in- Net stress: 110ksi max
Process: Drill, ream, CW & ream (1/64 in.) Test load: 31,400 1b

Load ratio: (R) = 0. 1
300M Test Frequency: 6500/min

0.010 in. 0kterference Test Laboratory: Materials

Test Engineer: D. Reese =

Failure edges corniced from shot peen Test t,' ichine: Vibraphore (36 kip)

0
Hole Diameter Hole Finish .2 C

C .20
(inches) (RH R)

ULj -0 u. . Origin of Failure

16*c and

04 U. a Uo) Remarks
oo2t * v. ,= ,..,

, 1 1 0.3480 0.3525 0.3725 35 30 20 0.0100 0.0045 '
I . .. . 37 L -W

V1 2 0.3480 0.3525 0.3725 .. 0.0100 0.0045

1 0.3495 03525 03725 30 25 25 0.0085 0.0030

V2 2 0.34q5 O.Z.25 0.3725 - - - 0.0085 0.0030 Hole edge corniced one side
- --.1 -

1, 1 03490 0353070.3725 30 25 40 0.0090 00040
33 LW %

V3 2 0.3495 0.3525 0.3725 - 0.003

SToken at Minimum (midpoint) 117



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: I1 W

NOMINAL EXPANSION VALUE: 0.035 in.

GENERAL TEST CONDITIONS DATE: 12/7/72

I. Specimen Description 3. CW Process

Zero load trcnsfer, 2 hole, no CSK Sleeve type: None used
-Configuration: Fig. 3 Sleeve thickness: -

Width: 3.00in. Sleeve orientation: -

Hole spacing: 3.00 in. CVV Mandrel: Push (design per BAC 5972)
Edge margin: 1.50 in. CW Mandrel Toper: 0.030 in./in.
Material: 300 M steel CW Mandrel Major Dia.: 0.7280
Material gauge: 0.375 in. Lubrication: Fel Pro 300
Surface Treatment: Shot peen
Fastener: None

2. Hole Prepuration 4. Fatigue Conditions

Nominal hole size: 3/4 in. Net stress: 110 ksi max
Process: Drill, ream, CW & ream (1/64 in.) Test load: 93,6001b

Load ratio: (R) 0 0. 1
Test Frequency: 5000/min

300M Test Laboratory: Materials
0.035-11. i';terterence Test Engineer: D. Reese

110 ksi Test Machine: Vibraphore (100 kip)

Hole Diameter Hole Finish .2 C

(inches) (RHR) -

_ U___ "• lOrigin of Failure

... " - _ and

01 2 02 074 . Remarkis
I .-

1 0.6920 0.7140 0.7495 35 30 10 0.0360 00220

53 C/;W

W2 2 0.6925 0.7140 0.7495 - 0.0355 0.0215

11 1 0.6920 0.7140 0.7495 30 25 15 0.0360 0.0220

W2 2 0.692b 0.7140 0.7495 0.0Q355 00215

II 1 0.6920 07140 0.7495 40 35 10 0.0360 0.0220

- T -"- ---"_ _59_' _w

W3 2 0.6925 0.7140(n i05 -. 00355 0,0215
Take - -i-i. L - -

LL Taken atMfiu (rr:dpoint)
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PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: 11 x

NOMINAL EXPANSION VALUE: 0-030in. _ _

GENERAL TEST CONDITIONS DATE: 1211/72

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None uad

Configuration: Fig. 3 Sleeve thickness: -

Width: 3.00 in. Sleeve orientat;on: -

Hole spacing: 3.00 in. CW Mandrel: Push (dosin per BAC 5972)

Edge margin: 150 in. CW Mandrel Toper: 0.030 in./in.

Material: 300Msteet CW Mandrel Major Dia.: 0.7280

Material gouge. 0.375 in. Luirication: Fel Pro 300

Surface Treatment: Shot peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4in. Net stress: 110ksi

Process: Drill, ream, CW & ream (1/64 in.) Test load: 93,5001b
Load ratio: ) - 0. 1

Test Frequency: 5000/min

300M Test Laboratory: Materials

0.030 in. interference Test Engineer: F. Reese

110 ksi Test Machine: Vibraphore (100 kirO) _

Hole Diameter Hole Finish . 0 C"

(inches) (RHR)
z 0 • • ~ 4.. * -6 Origin of Failure

C -. D- L...

S, t - .... 41 and

Xl 2 06985 0/t165 0.7495 - - 00295 0.0180 uw

II 1 0O6Y)b ~0/115 0/7495 40 35 15 0.0295 0 0180 -

.. .... .. ..... . ."" 43 L;w
2 980 7- 00300 0.0185

06985 0 002900 18

cc 1- _' I
.2 0,6985e 0 t 1u 0.7495 - 000 0p018n

15 - .29 - 0803

Wi> Tken t Miimum(mdpint0295'



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: I1Y

NOMINAL EXPANSION VALUE: 0.025in.

GENERAL TEST CONDITIONS DATE: 12/7/72

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig.3 Sleeve thickness: -

Width: 3.00in. Sleeve orientation: -

Hole spacing: 3.00 in. CW Mandrel: Push (design per BAC 5972)
Edge margin: 1.50 in. CW Mandrel Toper: 0.030 in./in.
Material: 30OM steel CW Mandrel Major Dia.: 0,7280 -
Material gouge: 0.375 in. Lubrication: Fel Pro 300 -

Surface Treatment: Shot peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4in. Net stress: 110 ksi max

Process: Drill, ream, CW & ream (1/64 in.) Test load: 93,400 lb
Load ratio: TR) -z0. I
Test Frequency: 5000/min

300M Test Laboratory: Materials
0.025-n. interference Test Engineer: 0. Reese

10 ksi Test Machine: Vibraphore (100 kip)

C
Hole Diameter Hole Finish .2 .

( (H Origin of Failure

S® !',• -- and x

E 0-
& = ~ - ".' Remorcs

E U

1I 1 0.7025 0.7170 0.7495 5045 10 0.0255 0.0135

Y1 2 0.7040 0.7165 0-7495 - - - 0.0240 0.0125

11 1 0.7020 0.7165 0.7495 45 40 15 0,0260 00145
S39 , L/V

Y2 2 0,7040 0.7170 0.7495 .. . . 0.0240 00130

1I 1 0.7035 0.7170 0.7495 45 40 10 0.0245 0.0135 3 1 t
.31 c/w

Y3 2 0.7025 0.7170 0.7495 -. 00255 0.0145

> Taken at Minimum (midpoint)



PHASE I - TASK 2 - OPTIMUM EXPANSION DEFINITION

TEST NUMBER: _ iz_ _ _ _

NOMINAL EXPANSION VALUE: 0.0

GENERAL TEST CONDITIONS DATE: 12/7/72

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: None used
Configuration: Fig. 3 Sleeve thickness: -

Width: 3.00 in. Sleeve orientation: --

Hole spacing: 3.00 in. CW Mandrel: Push (design per BAC 5972)
Edge margin: 1.50 in. CW Mandrel Taper: 0.030in./,n.
Material: 300 M steel CW Mandrel Major Dia. : 0.7280
Material gauge: 0.375 in, Lubrication: Fel Pro 300
Surface Treatment: Shot peen

Fastener; None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/4in. Net stress: 110 ksi max
Process: Drill, ream, CW & ream (1/64 in.) Test load: 93,5001b lb

Load ratio: (7RF -0. 1

300M Test Frequency: 5000/min
0.020-n. m:erference Test Laboratory: Materials

110 ksi Test Engineer: D. Reese
Test Machine: Vibraphore 0100 kip)

Co

Hole Diameter Hole Finish .2 C

(inches) (RHR) '
Z o -, Orign -of Failure

1 0.7080 0.7175 0, 495 4035 10 0.0200 0.00gb,.I
- 32 an /w

Zi 2 0.7080 0.7175 0.7485 - .- 0.0200 0.0095

II 1 0.7080 0,7180 0.7495 40 35 10 0.0200 0.0100 . -. • t

Z2 2 0.7080 0.7180 0.7495 - - 0.0200 0.0100

I 1 0.7080 0.717b0.7495 35 30 10 0.0200 0.0095 ! Jj

Z3 2 0.7080 0.7115 0.7495 -- - 0.0200 0.0095
Taken at Minimum (midpoint) 121
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PHASE I-TASK 2-MOIRE DATA

X

Grid
orientation

.0

90.,so.+27

Specimen Configuration

View looking at exit side
Same reference maintained both sides, i.e., 906 on entrance side

is opposite 900 or, exit side
All strains are Cy component

Area where strain was measured

Affwcted zone (inJ)
Specimen Material Hole X y a 0  (Exit face) (Entrance face)

no. size (in.) (in.) (deg)

1 Al Large 2.3 4.3 18 0.55 0.56 0.60 0.66
2 Al 4 2.3 4.3 232 0.80 0.60 0.60 0.50
3 Ti 2.8 3.0 38 0.65 0.65 0.65 0.65
4 Ti 2,8 3.0 35 0.90 0.90 0.90 0.90
5 Al Small 1.5 4.3 160 0.45 0.35 0.45 0.30
.. Al. .I's 43 265 0,45 0.35 .b)
.. Ti 1.. 1,9 45 0.45 0.40 0,40 0.40
8 1 Ti 1,5 1.L• 50 .040 0,35 0.356 0.35

St _ 1.5_ 1.7 Not visible 10.40 0.35 0.35 0.30

Specimen V y (exit face) C y (entrance face)

no. 00 90 1 180° 2700 00 90g 1801 2700

1 .094 .018 .016I , .010 029 .010
2 .025 .018 ,0 08.... '1 _030 .012 P04 .011
3 .125 .022 .078 .025 .050 .016 .054 .010
4 ,094 .020 .055 .022 .032 .021 .03', .010
5 .015 .036 J06111 .023 .028 .018 .090 .020
6 (b)
7 .034 .034 .065 1b} .045 ,016 .062 .022
8 ,06i4 ,029 .085 .011 102 .015 .055 1 .21
9 .082 .015 .066_ .029 J.071 .018 .059 018

= Questionable because of split discontinuity uffect
aLocation of discontinuity from split inr sleeve

biamaqmed; (lid not read
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FiigCodes SA-81

AllI~ LALLOY 300M Fln ACt1;
DIGEST DATA ON WORLD WIDE METALS AND ALLOYFS

Pubiu1had b
Ers~snecring Alloys tDigtt, Inc.
Upper Montclair. New jersery

ALLOY 300Ma -
(Ultra-Hligh Strength Steel)

ALLOY 300M isan alloy sited odcring a combination of hardenability, ductility and toughness at tensile strengths from
'800010 to '20000 rsi

liS Pat 2,91.500
Composition: Physical Constantsi:

Cubon 040.045 Densty. lbs /cu in. 0 283
Manwaese 0 65.-090 Thermal coef. expansion ." F.z 10 6 (02001 F 63;
Silicon 1 45-1 80 Thermal conductivity, BTU, ft-.!in,/hr/ 'F. 260
Nickel 1 05 .2 00 Specific hear, BTU lb'""F. 0 101
(fhromium 065-090 Modulus of trl.51C1ruy. PSI x 10' 29-30
Molybdenum 0 30.045
Vanadium 0 05 min
Phosphorus 0. 02 5 wazy.
Sulphur 0 025 max.
I (on Rernaindet

Table I - EFFECT OF TEMPEKING TEMPERATURE N
(II' d.. oil qnLenhed from~ F ____

Tempritiess Tensile yield Chsarm R~eduction
T'im cuare stiiregsj Strength Iupeac Elongation of Area Brmnell

tort, psi (0.2%) It. lbs. 7, in 2" %Hardness
200 540000 I fl00 13.0 6.0 10.0 5715
400 110000 240000 16.0 7.0 21.0 555
500 .1)0()o 242000 1 8.0 8.0 32 0 540
600 2149000 245500 22.0 9.5 34.0 525
700 .11,1000 235000 17.5 90 32.0 500
800O 260000 215000 100 8.5 23.0 423

Table 2 - T`YPICAL MECHANICAL PROPERTIES - FORGING
.... __(Qucixýhed in oil and temm'ered at $0inOF I

Lo inisdra Trannctief
Tenirle stresgsth. psi 29'000 i96000
Notib tensile streingth. psi ý03000 262000
Yield strength, psi OZ.'.) 242000 239000
Elonritpicn. "I in 2" 8.0 4.0
Reduction of aret, %" 230 9.4
Csarpy impact, It. !bs. (V-rsotds)

at room temp. 1 8 9
st *65'F. IS 7

Dead tesi'
L~oad, lbys. 10200 9650
Ouni~k snge.t delg. 35 25

Load appli-d ai ceteire of 7 16 dia. x)5 long specimen supported nest it-1
Table 3 - I YPICAL PROPERTIES OF WE!F l)Et TUBES

(51,: diA x 14 %A11. flish hurt atideI tubes, oil queohtd, and tcm red at 'IOOF
Parent Metal A~iross the Weld

Tensile sttasteng, psi fl iO285600
Nctch streingth, psit700 246000
Flonaition. 17 ins 2" 9 3
R~eduction of area, 11, 18 7
Cliasy impac t. fi bs nVnotch)

LI noo-n temp. 20 1 9
.g 16) ' . to 14

lend Test"
Masi. load, lbs 9800 8900
Ouraicl bend single. deg 35 25

"Lod appjlied to thse entet ol 7 16, dia. by 5 long tcuinls supported near ends
Table 4-- EFFECT OF MASS ON4 TENSIL.E PROPERTIES'

iHeit tt'atcd by ntuin At I (1 ~oil quen~hing from 15'5-17 and termerinis it 600'iF
Det 1 ens'le Yield PRedumion

Discmeter Strength S'reneth 17ltttg~kion of Are*
-inches psi psi -to 2'. .,;-itn 2'_ -

3210110 2 6 10 9.5 ~5il
a1 sts olooo 261000 ,.3 2253

fleet triratd ,n ul stnn
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Table 3 -- IUl'lEC' OF' MASS ON I&IIPACT1 PROPEV1ICHS0
iI Ivtil itsruelo Isv nor tsaIl ltj gs t I (ti t 1 I, lý ti I~ tjuell hiiigs Ii,,in I S" %S'V tit I sv oetjinji alit t 60 '.

Biar laied Impact Charpy Impact
Diameter ft. lbs. V-Stoich. ft, l()F

inches at 4 70"F. i 70"P. 501)1'.

13i 10 14 9
5412 97

1iTas tretedss-.Ini lull secition.
Table 6--~NUIVI '*rENSII.E: I'FSl
ti .~ ilare. il quenulsed Jatniremered it 600) F.)

0.3 Diameter 0.5' Diameter
K lactfot Ill l..moliriul i .11 32(0000 T7_5000t

Transverse 315000 245000
K fatctor. S LoogiitudtinaI 145000 i07000

Transverse 31 2000 112000
K tailtor . Longitudinal4 345000 358000

Transverse 385000 335000
tStrt's concentration -K- fActors were varied by control of notch root radius. The factor fort the sharp noithl-less than
0.001- radius-is 10.

Table 7 TY'PICAL. MECHANICAL. PROPERTI ES-CAST*
t0.16C sand cast keel blocks I" x V' x 6')

Heat Treat A Heat Treat-B
Tensile strength. psi 270.262000
Yield strength. psi (0.1%) 221250 221750
Elongation. "I in 2" 5.8 5.9
Reduction of area, ý, 10.6 10.8
Chisrpy impact. ft. lbs. Vtt-notch) R. T. 10.5 11

0,1F. 10 10
.SO*F. 10 8

.11001F. 0 8
Neat Treat A-Austenitticsl at 1650*F. for one hour. Heat Treast l1-Austvnitin.'d at 16501r. for one hour,

transferred to a furnace at I1350'F., held at 1350'F. transferred to a furnace at 1 350*F., held at 500*F.
for 30 minutes. quenched in oil and double rem- for I minutes, air cooled, double tempered at
pered at 600*F. for 6 hours. 6(01'F. for 6 hours.

Heat Treatment- Workabilit:
CRTICAL POPfl: Ac) 1400'F. At. 650*17. Forge at 1950-2200'F. and allow to cool in air in a dry

Ac, 1480*F. At,1 785*F. place. Forging should not be continued below 1700 F.
(400*F./hr. beating and cooling rate) Weldability:

A.NNFI.iLING: Heat to about 1430*F. and equalize, cool 10' F. Good welding characteristics. Can be readily gas or arc welded.
hr. to 1200*F., 20*1.'he. to 900*F. and air cool for 241 Welding rod of the same composition shall be used. In arc
Brinell maximum. (Produces a spheroidized structure.) welding use a coated welding rod. The retarded grain growth

NoltALIJNG Het toabot 100"., ir col.Recarg indurin , welding minimizes the normal ill-effects produced by
NORMLIZIG: eat o aout ?00'., ir ool.Recargeingrain coarsening. As the ste-el has air hardening properties the

furnace before reaching room temperature, part after the welding shall be either annealed or normalized
H.-RIIrENING: Heat to about 1600*F.. quench in oil, temper and drawn.

at 500.600*F. Double tempering is advisable. GnrlCaetrsis
(It is not recommended for any other tempering tempera- Touigh, shock anti inmpact resistant. Has best combitnation of

rure'. This range produces maximum yield strength andi ductility, tougehness, and strength. High fatigue and creep
Maximum impact strength simultaneously. Tenmpering on re-sistant. This steel has air hardening properties and is especi.
either side of the recommended rang'e results its a serious .slly free tof temper-brittleness. Maintains goodi strength prop-
deteirioration of mechanical properties.) erries at elevated temperatures. Ware and abrasion resistant in

Machinability: hasrdened condition, The high depth hardness is reflected in
Mach;mability rating of annealed material is 45% of cold- excellent torque properties. Recommended for heavy duty.
rolled B1112 -crew machine stock. Can be machined without highlsstrength applications.
diffsculty up to 250 Brinell. A partially spheroidired itructure The mosit desirable properties of this steel are obtained by
obtained by' normalizing and drawing at 1200 deg. F. is best us5ing .a 600"F. temper alter the oil quench. This treatment

for ptimm mchinbilty. 'tiduciet the best yield to tensile strength ratio and the bestfor ptium siscinailiy, mp.ict strength for all sizes testesd. As shown by the impactHigh speed steel cutting tools should be ground to 9.12 deg. dmatihe steel ass tempered at on001' does not shosw any definite
aide rake. 6-10 deg. back rake, 7-9 deg. side relief, 7.9 deg. transitiion tensiperassire range. There is a regular decrease in
end relief, R-12 deg, end cutting-edge angle, about 15 deg. inil'.ct strentg-h with ulecressing temperature in the manner
side custing-edge angle, ansi a nose radius of about in", of of 9)':r nickel steel.
.lcpth of cut. Sostetec carbide rusting tools should het ground Since tempeting above 6t00'l'. is not recomsmendled, thit steel
to 4.4. .est. Oide rake, (1.10 deg. back rake. 6.1(1 deg. aide should not be empsloyrd for s-rvicr at hig~her temperatures.
relief. 6-12 deg, end relief, .4-13 dieg, end cutting-edge angle, The hardlenalsility of 30t1.Nf is so grea~t that it osay be heat
ff.!0 .1cu. sle isitting-edge angle, aind a note radius equAi treatrd is hseavy sections withouit impaitnment sif its propserties.
to 1 12 inch. The loniiny hardenahility curve, being essentially hosrisontalI
Whviis mi, hinin rsritsik a,i.und .1011 B~rinell hirdisess with high fist its full lensgsh, inditmies that the hardrenalsility is too gteat
4pted stee t otting tools use cutting 4peedsi of 70 sfpm with ils he usefully evaluated by this test.
feed it oF 060 in rev. and depth of cut of 1312 Inch;, 1 20 Forms Available:
sfpm with fseed of 111)15 In. rev, and dep~th of cut of 1/32
inch. (C,0 iufrm with feed oif 0.030 In. rev. and I '4 Inch depth Ilillcis I'ars, riils, fof~rging, sheet, stfri, plate and castings
tif cur. With sinsereil cAtbide cutting tools use cutting speeds Applicatianst
of .160 iffpm with feed of 0.06n in. 'rev, an d dlepth of ciit of Alirctifi laiintlng geats, aitframse parts, high strengith bolts.1 42 inch. 417n ifpm wifth feed of 0,1`15 In. 'rev, onid depth litfistgs wing fatteners aiid 110tlin p'alts, stlsdebl~bs bitdies,
of (tit of 1 12 in ch. ý105 s~pm with feed of 0.011t0 in. 'rev, ,tisos frirgingi for various appslirtifon%, witle', gears, %haftinsi,
anrs depth oif ript of 1 4 inch. pIstesure vessels, nil-well perforating gunsl.

Manufaeturert
Varletts allciy ;iel milli (Lllenited) -
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FilcitgiCside: SA-167Allol-A_ _ _

AISI 9260SEPTEMBER 19U4

3563ff -DimATA ON WORLD WIDE METALS AND ALLOYS

AISI 9260 Ealnvra Alloy 'WM 'a

AII(Spring Steel) Upper Moattisit. Ne- jervey

AII9260 is an o ilhardnenin type of spring steel and tool steel recommended for repeated and Severe impact
service. It is Also used for heavy duty, shuck resistant machine part%.

Compositeon: Physical Constants:
9260 9201lkiribty, lb vu.en. 0.283

(arbon 0.`,6-U.64 O.SS-0.69 Thermal conductivity, Btu/ft2 /fi/hr/0F (212'F) 27
Manganese 0.-5-1.00 02.0-1. 10 Thermal coc. expan s on.

0
OF (70-1200 0 F) z 10-6 8.1

Silicon 1.80--2.10 1.-0-2.20) Specific heat, Iltu'lb'F 0.10-0.11
Phos.phorus 0.01S max Oujio MAX 2-.2C~tI3 erial r setlVy, Mkcruhw-cn (68

0
F) 20

Sulphur" 0.040 max 0.010 c..x Nlodulu% of elasticity. pse x 10e(n texnsion) 29.0
Iron Remaunerd Rl.maendur (in torsion) 10.'

'Phosphorus and sulphlur are 0.040 MAX en

open hearth steel and 0.02i max en Occlt.
furneace stccl. POE1E

Table I -TYPICAL ME~CHANICAL PROPERTIES_____

Yctd rv=.eh.na. (2%) s0000 00
Eimrwealo. %7.is 2' 15 22
Red.ctco of mar. %30 46
BeewiI Mudeas. 311 2425
lenid i.e t. h. 26s. 3

vabbe 2- TYPICAL HEAT *nThEAD PROPERIES1

W Rd- intermitted 1600'F. guirrilthd to oil 1$71- ', .iweavdi)la
Tom~ear kwaih sluth ofoaros . Am Britai

400 33100 330000 5 19 )
Soo 3)00M 330000 7 22 6327

60 40000 325000 9 23 627 7
?00 52500 280000 9.3 28 60t I

00 26000 221000 10 30 114 12
900 21300 19300 it 31 429 13
2000 18,000 16600 12 32.3 me8 14
1200 26300 144000 25 )S 342 24
1200 24800 I i 000 27 40 )22 !15

I)M 1"20 4 47 0 269 249

ei $n ra 253?.iereur cod 20.? let e n o2f2?. Anr sooie

2 321 621 4 3 20.2 262 23
Normliasd-Cl~asd 4 60101O.. armld

166710 99250 133 55.1 232 40
S620 90750 I.. 2.3 14

a 239$00 87230 13.7 30.3 322 410
4 2440200 86710 4.2 3.9 213 2.0

0.2 "aclaid (tom ill)*1' .. wd wv.. 90?.
2 230300 207M3 20.7 25.1 441 3.7

I 224300 2007"0 9.2 246 444 60
2 202000 16"250 9.3 22.' 402 6`3
4 1732110 w55300 4.5 43 )41 35

001 qwisdied ima. 1575f. r.esriced a. 1100'F.
13 77730 133000 142 W0.0 532 10

I i742$0 147500 14' 34.3 352 07
2 260250 200 W)0 !16.03288
4 149000 94230 0 03 192 31211 032

Telable 4- AS.QýLIEUCHE HARDNUSS DATA
10,1j~rrhrd2mm15751? 1

_________ktr. "~UC' Huawrdu _ ____

k3- ad I 3... 21 I.a 414R
Sr..64 62 60 42

2 eA.,64 62 5318
Crlle, (4 62303
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Table S.- JOMt)%ls IARDElNAIM II ll 9260H1
iI"' di~t.'nct in 1 1(, inth)

J'distance I 2 'l 4 S 6 - 4H 10 12 16i 20 24 32

K4c max. - - 6S 6,4 63 62 60 IN 52 4- 40 3- 56 34

Re min. 60f 60 1- 53 46 41 58 36 55 34 32 31 30 29

ageols Traaslorgaisol Diagras. Itr itI' 1260
Sit C*~ - I -Woelubillityi

A ~Fose frorn 21'5F. to i'SU*F. iti As ubiect rodecwubrixatiioa
S I 920 I Edl shusld therefore not be held At the forittiil uMPensna

' " 11 a .lon~cr than is nevessury. Altert forging, the steel ushould be
A:, 4 coosled asloIy bs, bury-ing in &shut. dry time, silocel or other

dry hetatinsulation materia

/ ~ ~ ~ h hig aibo I edbll nJ iliton .tonienii of tIlsl teel Inuritit'e
i'~ \ I.J~7~cIty in *elding. %h~ic it. iherrlnte. noat rrtomrlind',JJ

Corrosion Realitmsoer
~'. -. Ths verel it berver tihan plAin carbon steel in ;ndutfral at-

I opirimpet and aboujt the came shen cofltifuoutily espoied

'gD-a- ~ .,~...MOIutUre. If ulta are present. LOrtilouuri is iiteSUicrsr. It is
Attacked readily by "ids, bat tritutiant to alkalis at ordinary

1 tnsem fjitres

General Chafcolsfi is:

AISI 9260 is recommended for heavy duty springs
5 S 5 201) o ootoo no0 100 lo0 w and (fo shock resisting parts in which a (am-

birsaitior of high ductility with hardness is required.

lest Treatment: Tecombined quailities of extremtely high strength

Critcal oint: Ac 144ol'together with toughness gives thin steel the

CrtialPont:Ac, 1490"f; ability to withstand repeated and severe impacts.

Ac, 190"FIt is primarily an oil-hardening steel. It many he

Ar) 133OuF quenched in water with satisfactory reaults, but.

Ama:H atrt 152330
0F ,funaecol cafe should be taken if the part has drastic

Atiaeal Hea to152*157
0

Ffsnae coldimensional change or sharp coiners. The highr

Nardaien: Heat to 15"S162541,1, quench.i ol oil-qu~enching temperature irsprovea the strength.

Hamprdn Heto tosre hardnesso, qec n l ductility, and shock-resistance. It has good wear'

tempr todesred ardnss.resistance and maximum shock-resiatance for

Maclunabllty:hardriesises under Rockwell C58.
Machinability raring of mill Annealed stock lhu iisntcaed sano-rosn;

(197255Brinll)is aout45' f ASI B112steel. it will hold size and shape reasonably well

steel. To obtain beat machining proprtirceb, heat during heat treatment, if normal pirecauiiarns act

to 1400-14500F, cool slowly to I00olO, then used to its application and treatment. Where
Air cool, freedom from distortion is of primary importance,

cobalt high-speed steel or icarbidc-iipvied cuttingth patshld lwy beolqnihdrhr

tools are recommended. High-speed steel turning than water-quenched.

tool shuld e Aoun to .10 sie rae, .80It decarburizes more freely than other tool %teels

back rake, 7.90 side relief, -. 9u end relief, 10-140whneadfofrig.nnli rhatra'

t . end cutting-edge angle, 12-160 side cutting-edge

Angle, and a nose radius equal to 1 0". of depth of ing. This is, due to itsa high silicon and molybdenum

cut. Carbide-iipped tools should be ground to content. Care shouid be exercised during heating
to protect it from decarburiuation. This steel is

6.100 side rake, 2.60 back raki... 8.100 side relief, lesnthsnuiethan either carbon steel or

8.140 side cutiing-editi angle, and a nose radius Form Available:

of 1 ̀ 32 inch. For high-%pierd steel cutters use

sulphurized or chlorinated cutting oils, but no Billet%, bars, rods. forging%.

cutting oil for carbide-tipped tools.Aplain:

Spiecilicatimi Equivaleints: Hfriky iluiN %ptings, shear blades, pneumatic tool,

SAE 91260 runt he-. shank% for (arbidc tool,%, machine parts

QQ-S.(,24, F."02?60 .ubjtct it shot k, thjirls, caulking tools and all

QQ2- -'4 ( omrn. U iyp,.S Of ý4i.sCnc or Un~UNUAl ICrsvil ins-olVni

ASTM~ 4"), Or. Q1260 *lAAii Alf rrpjt-.e impa(t At airtioPlirriC temlper-

AS-rm ,il. (,r. *ciManufacturer:
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[_v _sc _J _T __ cy.__ Filing Cede: SA-150iiIVASCOJET M-A (CM)ste-lo
,u.,! ... JULY 1963

I I- DATA ON WORLD WIDE METALS AND ALLOYS

Iaeaesus Allen D*Ke I-.
VASCOJET M-A (COM) uPa OUasdal., Now )4""
(Ultra High Strealgl. Steel)

escojeit M-A (CVM) is on vltro high-Isuength alloy scoeo capeble of reaching tensile sueigath valves p co 360.000 psi sad
maitaining highi srength levels at operating temperatusres to 1000 deo. F. I( combines assrrmely hige n*rinigth with ductility,
coughuees.a ligue end hest desisance..

Composition: Physical Censtants:

Carbon 0.50-0.55 Specific Ilgvity 7.92
Tungaten 3 Density, Ib/cu.in. 0.M15

IMolyldenu T Tberal Coel. eapansion/OF I.J0"-6 (60.-I00oF) 6.4
Mhlol!ss Tosl . Modulus of elasticity, psi I I00

Vnatdiui nt 70OF 310
Iron Remainder at 400:F 28.1

at 1O00OF 24.0

PROPERTIES
T*Wl I - TYPICAl. HEAT TREATED PROPERTIES

(Standard 0.250" round buttoaniead tessile specimens quenched hiroi 2050 deg. F.
in sell a ]0a0 dei, F. and teiple cempered (2#2+2 hours) as indicatsd.)

Tempering Tensile Yield Reduction Rockwell Frciure

Temperature Sirength S length Elongation of Ares Haidness SFreact
OF psi psi (0.2%) % in 2- % "C" Sen

975 361700 292600 6.0 20.0 60.9 430500
1000 351600 292600 3.0 33.4 59.9 453500
102' 3458W0 292400 7,0 34,1 59.5 440200
1050 )4440D 271700 I.s 3,.2 58.6 435200
1075 J21300 230200 6.1 31.0 57.3 393100
1 1e0 3)05200 266"500 6.5 28.5 56.1 371700
1150 25)400 215500 7.0 25.2 $0.4 111200
1200 200900 1$5600 9.0 33.0 40.9 259200
1300 144{DD 105400 14.0 4U.4 33.5 226700

Table 2 - TYPICAL TENSILE PROPERTIES AT 35,0 kst T.S. T 1T_ _ _T _ _T_ _ _O_ "T ___ " I I -
(1Ba best treated to 350000 psi tensile strength) i ss as

Tensaile scieagt, psi 350000I
Yield sitrenth, psi (0.2%) 290000
Elogclcoa, %. in 2" _ ..... - ._. _
-_Re d uc tio n o f s, % _- 

-- -- ----

Rockwell hnftdagoo C60

T"kl 3 - TYPICAL AUSFORMED PROPERTIES'
(Austeniie deformed 91% at 1100OF befrie conventional

quenching and ipe :ini)

Tempering Teasile Yield Reductionat-fto so m"i
Tempersture Suength Strength Elongation ol Area

OF psi psi (0.1%) %7 in 2" %

700 4650DO 425000 "7 2,2
am0 460000 425000 7 25) mm...-

1000 455000 410000 7 on -
1100 435)0D0 )90000 9 39 ?it amv

*Ftonm justusIo= and Znceky ovsd - {ii--

T"bl 4 - IMPACT PROPERTIES _ we

Rockwell Iod Cherpy Chnrpy on
Hnadne's Unnotched Unnotched V.Nocch

"C" "I Ibs. t. Ibs. ft. l,.,. a --- -

57.5 120 + (atops beam) 264 + (atops beam) I3 i S
59.0 120 4 (slope leia) 264 + (stops beam) 12
6 1 . 0 1 2 0 f ( s t o p s b e a m ) 2 6 4 # ( s t o p s b e a m l 8 0 o0 .. . . . .. .

TOWleS- TYPICAL ANNEALED PROPERTIES :"a ~ ~ i i
Tensile strength, psi 95000 I
Yield aitensth, psi (0.2%,) 49000 i
Elongation, 7. in 2" 25
Reduction of miae, % .5 an n' A.
Rockwell hardness 889"9) o- -•
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Table 6- SoI 1w i, I Il 'Hhill Killt I s Table. - i I) I Ill I ,I I, I kill' I H A II' .H1 , 1 . I tIII 1 ll.l01.1. 1 l 'l.lV lll 1
"S t~tt- 5, i,,St " % . of t .I--si .... itjit'i.trIt 1).5 ' t itOI haths ' 4 imSlls ,lustctnilI t' 1v it s.lI it li S10511 • I",,' 1

n i1ctttll, ).2li )t)i ttn hed Ast Ia)g rl I', aoiw ttilIv terwll -, 1 (2 2 hours a, indi, wited.
A ,,' afc., if iw,, is I -S . {¢# llltt ll.

1%ti~tftll I, l14,t I .mpiralure lemlerahure Strength Sugln of Ar.te I. longalioi
I vc,moit 0 -1% ,111141 I'O. i,.i {10.2";0 I's. % ins .'
I IIII.'mol si "l'lV, '11 I 116,000ll,14111 SOO "1000 ~ -- 9 0 I11) ". '100!I 1 7 oi7.H 6,. 1

6,0011 100081 25520111 iljlHllt 17.2 5.H
800I) 10)00(1 24 I( ll 29129110 28. S4.
J)(111 I 101) 22XI1 .121 2011(l "(I."l s.9

I (M), 1I)1M 204 Ill) 2 590001 24.') 5.4

SIll 11)75 24 000l01 289)21011 4'). ; 6.0
600 10175 22107141 2800%0I 1I. 6 . 1
800 1117 2 1IIW)) 201121001 10.5 (.1
900 11)79 201)20) 291 411) 48.2 5.7

1000) 11075 1 H ;0010 2 1111)1l 28.8 6.1

Heat Treatment:
Anneal: Ilear to 1lI)4)-lfSO deg. 1., cool slower than S1) d{eg. I may Iii used. lot elevatrd temperature applications, aluminum

per hour to 1041) deg. F. then more rapidly to room temper- silimine paint, nickel-tadmium diffusion plating, nickel-zin,
ature. plate, etc. may he used.

Hardening: Preheat at I1550 deg. F, raise temperature rapidly Hlydrtogen embltittlement may occur after hydrogenating treat-
to 202's-21150 deg. F in a protective atmosphere, hold 5-10 ment of the high strength conditions at high strength levels.
minutes at temperature, quench in air, salt. or oil, temper Approved plating medhodS should be followed hyý baking at
at t)SO-%IS0 deg. F. Double or triple tempering is recoin- temperatites ranging from 1150F (or 21 hours (for low heat
mended (2 1 2 ' 2 hours), resistant plate) to 950101 for heat resisting plate. At the upper
Ilihase changes: The steel transforms on slow cotling from end of the operating temperaiure range, protection is required
austenite to spheroidite. A1 -I ISO to 1410oF, if slight oxidation to a tight scale is not permissible.
Martenqite start temperature, Ms, is 4`10o0F Pickling:

Stress Relief: hlear at 875-9500F lor 2-4 hours; for finished Ilear treated parts should he cleaned by mechanical methods.
heat treated parts after grinding, machining ot straightening. Pickling or cathodic cleat~ing are not permissible.

Machinability: General Characteristics:

Rough machining is generally performed on material in the Vascojet M-A ((.VM) is a consumable vacuum arc melted, high
fully annealed condition in much the same manner as any strength alloy steel providing more ductility and a smaller
0.50SC alloy steel. differential between longitudinal and transverse mechanical
Single point turning tools of high speed steel shotuld be ground properties. It can be air, salt or oil hardened depending on the
to 8-120 side rake, 6-101 back rake. 7-100 side relief, 7.10" section thickness. Triple tempering produces stress relief
end relief, 8-150 end cutting-edge angle, 12-180 side cutting- combined with maximum hardness because tempering is done
edge angle and a nose radius equal to 10% of cut depth. in the secondary hardening temperature range, i.e., the range
Sintered carbide-tipped tools should be ground to 4-120 side in which the steel develops a higher hardness than at a lower
rake, 2-50 back rake. 5.100 side relief. 5-100 end relief, 8-120 temperature; hydrogen, which can cause embrittlement when
end cutting-edge angle, 10-160 side cutting-edge angle and a tensile strength exceeds 200,000 psi, is rapidly removed and
1/'52" nose radius. strength is not lowered; retained austenite is transformed,
Use sulphurized or chlorinated oils containing sulphur as reducing the danger of subsequent transformation to martensite
lubricants with high speed steel cutters. with accompanying high stresses during service.

Workability: Vascojet M-A (CVM) is a high-strength structural steel offer.
Forging: Start at 1950 to 1900oF and finish at 1650°F. It ing tensile strength values up to 360,000 psi at room temper.

should be reheated as often As necessary to prevent forging Ature and high strength levels at operating temperatures to
too cold. Because of its air-hardening properties, it is very s0t0d0F. It is readily machined and can he formed by all
necessary that this steel he cooled slowly after forging to standard methods of fabrication. In order to achieve maximum
prevent the formation of stress cracks. After forging, the strength and ductility, it is recommended that this alloy he
material may be returned to a hot furnace and cooled slowly ordered in the (VM (consumable vacuum melted) grade. Ex-with the furnace, or may he buried in sai, insulating perience indicates that ('VM melting, with subsequent removalmaterial such As lime, mica or silocel. i n n dissolved gases and reduction of inclusions to a minimum,

improves transverse type properties by factors of two or three
Forming: This alloy in the fully annealed condition can be tit one. This alloy assures outstanding fatigue strength due to

readily formed by all common methods. Straightening can be the fact that it offers the full advantage of secondary hardening
performed either dluing cooling from austenitiimng Iti during phenomena.
hearing for tempering. This steel is highly magnetic, but becomes nonmagnetic atWeldability: temperatures above 1400 to 1500

0
F. The damping capacity is

Preheat at 500-100f0F, weld with inert gas shielded ar or 1. 1 a 10-4 logarithmic decrement.
coated electrodes; maintain temperature above 600

0
F, cool Vascoiet M-A has been found to respond quite satisfactorily

slowly in furnace or insulating medium. Welded parts have to the ausforming process. Tensile strength levels in excess
shown excellent weldability with weld metal strength and of 45S0,000 psi with quite respectable ductility are possible.
ductility equal to or greater than the parent metal. Because of The deformation of metastable austenite before quenching and
its hardenahility, welding requires preheating and post-heating tempering enhances strength anti hardness.
and generally is followed by an anneal. Farms Available:
Welded parts are usually slowly cooled to 2000F, followed by Ilillers, forgings, sheet, plate, bars and wire.
immediate tempering to 1250-14)OOF, for softening, to permit Aplicahionsr
final straightening and sizing without cracking. Applications:

Corrosion Resistance: Fasteners, airframes, rocker motor cases, high speed rotors,lightweight axles, gear%, shafting, pressure vessels, helicopter(,eneral corrosion resistance of this steel is lOW andi surface trotors, engine mionts, iitrhin. co'mponent%, and nuclear appli-
pritection is requited. For room temperature appli, ation%, con- ,ations,
ventional paint, plating, vaptr .Ieptsitriin, and other,, tatinjgs Manufacturer:

Vanadium Atlloys Si•tel I •i,.
I.utr.bt,, liet.tIm s',1 'min ,Sest Available Copy
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 1A DATE: 1/4/73

TEST CONDITIONS

Specimen Description

Material: 2024-T81 Hole spacing (in.). 1-1/8
Material gage (in.): 0.37Ff Nominal hole size lin.): 3/8 -

Size (L x W) (in ): 15 x 1.5 Edge margin: 0.75 in.
Numer of riules: 12

Coldwork IritormajtionI

Culdwork procebs 'Sleeve
Mandrel taper (in./inl.): 0,045
Mandrel diameter (in.): 0,53
Expansion (in.): 0.0185

RESULTING DATA

Edge bulge at holes, average (in.): 0.0017
Edge bulge between holes, average (in.): 0.001 ____

aBow after coldwork oin.): +0.025

"dBow after ream and countersink (in.): +0.0085
bEdge distortion after culdwork (in.): None
cSpecimen growth after coldwork (In .1 0.0085 in 12.375

Specimen growth after reaim (in.) 0.0085 in 12.375
Specimen growth after countersink tin.): 0.0080 in 12.375

a0Iv direction 1 Direction of colidwori

(4) Indicates bow as shown in sketch
I-) indicates bowv ill opp.osite oirectiOn

bEdge distortion,

Valtie irndic~ates amount of side bow

"CMeasurements taken after each opleration indicated Some of the difference

may b~e contributed to reamer wander and tempieraturie variance
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PHASE 1- TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 2A DATE: 1/4/73

TEST CONDIT!ONS

Specimen Description

Maeia:2024-T851 Hole spacing (in.): 1-1/2
Material gage (in.) 0.375 Nominal hole size (in.): 3/8
Size (L xWIhii 15 x 1.5 Edge margin: 0.75 in.
Nurner of holes 9

Culdworp, ,.tarmdtion

Coldwork process. Sleeve
Mandrel taper (in.,in.): 0.4

Mindrel diameter (in.): 033
Expansioin (iii.) 0.0185

RESULTING DATA
Edge bulge at holes, average (in.): 0.0015
Edge bufge between holes, average (in.): 0.0005A

a8 0 w after coidwork (in. 1: +0.025
aBowafterream and countrsnk (i.). +0.018in1U

Specimen growth alter ream (in.): 0.011 in 12
Specimen growth after count.arsink (in.)1: 0.010 in 12A

ABow direction Direction of coidwork

I+) Indicates bovv a5 shown in sketch
i-Indicates bow in opposite direction

bEdge distortion

Value indicates amount of side bow

CMv-aueei takei af ter each otreration indicated. Some of the dif ference

m3Va be co~tnbifited to reamer wander and tempierature variance.
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER. 3A DATE. 1/4/73

TEST CONDITIONS

Specimen Description
Material: 2024-TB51 Hole spacing (in.): 1-1/8
Material gage (in.): 0.375 Nominal hole size (in.): 3/8
Size (L x W) (in : 15 x 1-1/8 Edge margin: 0.563 in.
Numer of holes: 12

Coldwork Informaition

Culdwork process: _ Sl~eve
Mandrel taper (in.;injl: 0.045
Mandrel diameter (in.); 0.3537

Expansions (in.): 0.0185

RESULTING DATA

Edge bulge at holes, average (in.): 0.0020
Edge bulge between holes, average (in.): 0.0007

aBow after coldwork (in.): +0.055
a8 0w after ream and countersink (in.): +0.045
bEdge distortion after coldwork (in.): 0,003
cSpecimen growth aftor coldwork (in.(: 0.0165 in 12.375

Specimeni growth aftei ream (in.): 0.0150 in 12.375
Specimen growth after countersink jiril: .0.0150 in 12.375

%ýwdirection Direction of cuidwork

i+) Indicates bowv as shown ins sketch
I)Indicates bow in opposite direction

bEdge distortion

Value~ indicates amount of tide bow

CMeas alienistki after each opeiaiion -ndicated Somie of the dtffcreiice

may be contriibuted to icimer wyander arid temperature variance
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PHASE I--TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 4A DATE: 1/4/73

TEST CONDITIONS

Specimen Description

Material: 2024-T851 Hole spacing (in.) 1-1/2

Material gage (in.): 0.375 Nominal hole size (in.). 3/8
Size (L x W)(in.): 15 x 1-1/8 Edge margin: 0.563 in.

Numer of holes: 9

Coldwork Information

Coldwork process: Sleeve

Mandrel taper (in. ,in.): 0.045

Mandrel diameter (in.: 0.3537

Expansion (in.): 0.018

RESULTING DATA

Edge bulge at holes, average (in.). 0.0022

Edge bulge between holes, average (in.): 0.0005
8aow after coldwork (in.): +0.051

aBow after ream and countersink (in.). +0.040
bEdge distortion after coldwork (in.): 0.010
cSpecimen growth after coldwork (in.): 0.0165 in 12

Specimen growth after ream (in.): 0.0150 in 12

Specimen growth auter countersink (in): 0.0145 in 12

88ow direction Direction of cidevork

- ------- -------

(4) Indicates bow as shown in sketch
(-) Indicates bow in opposite direction

bEdge distortion

Value indicates amount of side bow

CNiasurements take;• .iter each operation indicated. Some of the diffetenci'

mav be comtrbiited t, reamer wander aid temperature variarnce
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PHASE I--TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER. 7A DATE. 1/4/73

TEST CONDITIONS

Siecimen Description

Material: 2024-T851 Hole spacing (in.): 2-1/4

Material gage (in.1 0.750 Nominal hole size (in.): 3/4

"Size (L x W1(in I: 15 x 2-1/4 Edge margin: 1,125 in.

Numer of holes: 6

Culdwork hIformation

Coldwork process: Sleeve

Mandrel taper (in. Sj.): 0.045

Mandrel diameter fin.): 0.7145

Expansion in.): 0.030

A
RESULTIN'G DATA

Edge bulge at holes, average (in.): 0.0035

Edge bulge between holes, average (in.): 0.0015
aBow after coldwork (in): +0.009

aBow after ream and countersink (in.): +0.006
bEdge distortion after cuidwurk iin.). None

CSpecimen growth after coldwork (in.):- 0-011 in 11 25
Specimen growth after ream fin.):. 0.013 in 11.25
Specimen growth after countersink (in ): 0.013 in 11.25

a8~ýY direction Direction of1 coidswrrk

lW- Indicates bow as shown in sketch
i-1 Indicates bow ion opposite direction

bEdge distortion

Value indicates amount of side bow

CMeasutements take-i afler each operation indicalid Some of the ditterence

may be conlributed to reamer wander and temperalure variance

141



PHASE I--TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER 8A DATE: 1/4/73

TEST CONDITIONS

Specimen Description

Material: 2024-T851 Hole spacing (in,): 3.00

Material gag,! (in.): 0.750 Nominal hole size (in.): 3/4

Size (L x W\lin . 15 x 2.1/4 Edge margin: 1.125 in.

Numer of lioles: 4

Coldwork hlformation
Culdwork process. Sleeve

Mandrel taper (in. in.) 0.045

Mandrel diameter (in.): 0.7142

Expansion (in.): 0.030

RESULTING DATA

Edge bulge at holes, average (in.): 0.004

Edge bulge between holes, average (in.): None
a'Bcvw after coldwork (in.): .. +0.008

"dBow after ream and countersink (in.).: +0.008

bEdge distortion after coldwork (in.): None

CSpecimen growth after coldwork (in.): 0.0095 in 9

Specimen growtn after ream (in.). 0_0115 in q

Specimen growtn after countersink (in.): 0 Q1020 in q

"B.w diection Direction of culdwork

- -----------

I1? indicates bow a' shown in sketch
i-Indicates bow in opposite direction

bEdge distortion

Vaiie indicates amount of side bov,

cMeasuremerts takei af ter eaci onerarlon indicated. Some of the difference

intay be contributed tl fearner wander and temperature variance
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PHASE 1 --TASK 4A--EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMlER 9A DATE: 1/4/73

TEST CONDITIONS

Specimen Description

Material: 2024-T851 Hole spacing (6n.): 2-1/4
Material gaqe On,): 0.750 Nominal hole size 0in.): 3/
Size IL x WIl(in.): 15 x 3 Edge margin 1.50 in.
Numer of holes: 6

Cold%-or'K Iiito(mation

Coldwork process: Sleeve
Mandrel taper (in./in): 0.045
Mandrel diameter (in.): 0.7 142
Expansion (in.) 0.030

RESULTING DATA

Edge bulge at holes, average (in.): 0.003
Edge bulge between holes, average (in.): 0.0015

a1o"" after coldwork (in.) :0.0)6

aBow after ream and countersink (in.): +0.004
bEdge distortion after coldwork (in.): None
cSpecimen growth Ater coldwork (in.): 0.0063 in 11,25

Specimen growth after ream (iin): 0.0065 in 11.25
Specimen growth after countersink (in.): 0.0070 in 11,25

B uw directwon 
Direction rf (o.dwork

1W1 Indicates bow as shown in sketch
I-)Iindicates bow in opposite direction

b Edge distortion

Vaiue indicates amount Of side bow

iCl et takeo after each operation indicated Some of the difference

may be conritrgutedl to reamer wander and temperature variance.
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PHASE I- TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 10A DATE., 1/4/73

TEST CONDITIONS

Specimen Description

Material: 2024-TS51 Hole spacing (in.). 3.00
Material gage (in):. 0.750 Nominal hole size (0n.): 3/

Size(L x WI)n.: 15x3 Edge margin: 1.50 in.
Numer of holes: 4

Coldw.ork Information

Coldwork orocess: Sleeve
Mandrel taper lin.iinjl: 0.045
Mandrel diameter (in.I: 0.7 142
Expansion (in.: 0.030

RESULTING DATA

Edge bulge at holes, average (in.): 0.0025
Edge bulge between holes, average (in I: None

qafBOw af1ter coldwork (in.) -+01006
a6 0 w after ream and countersink (in.): +0.004

*bEdge distortion after coldwork (in.): None
* ,CSpecimen growtni after coldwork (in.): 0.0045 in 9

Specimen growth after ream 0r,.): 0.0036 in 9A
Specimen growt!) after countersink (in.): 0.0035 in 9 -

a 8 ,~diretionDirection of c'oldworii

(findicates bow as shown in sketch
t.)Indicates bow in opposite direction

bEdge distortion

Val.~c i.dzcate, a'nioum of crir how

CK'easrerietstaiiei after each opFeration indicated. Some of the difference

may be contributed to reamer wandear and temperature variance.
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PHASE I TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: IT DATE: 1/6/73

TEST CONDITIONS

Specimen Description

Material: Ti-6AI-4V Hole spacing (inl.: 11/
Material gage (in.): Q.375 Nominal hole size (n) /

Size (L x W) (in.) i 15 x 1.5 Edge margin: 0.75 in.
Numer of hules; 12

Coidwork Information

Coldwork procer~s. Slemee
Mandrel taper (in/in.): 0.045

Mandirel diameter (in.): 0.3537
Expansiuii (in.); 0.018

RESULTING DATA

Edge bulge at holes, average (in.): 0.0015
Edge bulge between holes, average (in.). 0.0010

a8 0w after coldwork (in.): +0.035
aBow after ream and countersink (in.) None
bEdge distor tion af ter cuidwor k (in). 0.001
cSpecimen growth after coldwork (lin.). 0.016 in 12.375

Specimen growth after ream (in.: 0.0 18 in 1 2.315
Specimen grOW1 titater countersink (in I:0.0175 in 12.375

a8wdirection Direction of cuidwork

I.0 Indicates bow as shown in sketch
l)indicates bow in opposite direction

b Edge dial~triur,

Value ir-dicites amount of side bowA

"Meaurments takeln after each oiperation indicated. bome of the dffete-~e

mray be contribu~ted to rea~ner wander and temperature variance
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PHASE I TASK~ 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: -?T DATE: 1//7

TEST CONDITIONS

Specimen Description

Melter Idl: Ti-6AU-4V Hole spacing (inI; 1.
Material gage (in.): 0.375 Nominal hole size (in.): 38

Size fL x Worn.)-: 15 x 1.5 Edge margin: 0.75 in.

Numer of hjiles. ____________

Coldwork Iniformajtion

Colckv4urk process. Sleeve

Mandrel taper (if in 1is: 0.045

Mandrel diameter (itnl 0.3537

Expiarision (in.): 0.018

RESULTING DATA

Edge bulge at holes. average (in 1 0.0010
Edge bulge between holes, average (in,) 0-0005

aBoiSv after coidwork (in.): +0,017
a80ow after ream and countersink (in.). -0.005
bEdige distojrtionl d~t~i CVIdiVUrk (In )___0.002___

CSpecimen growth after coldwork (in.) 0.016 in 12

Specimen yrowtn after ream jiii.): 0-017 in 19
Specimen growth after countersink (in.): 0-017 in 12

rirecDreion ircofn ctidwork

(ri Indicates bow as showi in sketc:h

Ind ircates bcvw in opposite diruction

bF~dge distortion

Value indlcates amount of side bovy

C~ieaistrements taken after each ooeration indicated Some of thre difference

may be co-itributcod to reamer wander and temrfe'at-.re variance
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PHASE I- TASK4A-EDGE MARGIN AND HOLE SPACING DATA
SPECIMEN NUMBER: 3T DATE: 1/8/73

TEST CONDITIONS

Soecimen Description

Material: Ti-6AI-4V Hole spacing (in.): 1-1/8
Material gage (in.) 0.375 Nominal hole size (in.): 3/8

Size (L x W)(in.l: 15 x 1-1/8 Edge margin: 0.563 in.
Nurnmr of noles: 1

Coldwork information

Coldwork process: Sleeve

Mandrel tupcr (inin.): 0.045
Mandrel d:iarneter (in j 0.3537

Expansion (in): 0.018

RESULTING DATA

Edge bulge at holes, average (in: 0.0032

Edge bulge between hoes, average (n.): 0.0010
aBUw after coldwork (in.) +0.042
aBow after ream and countersink (in.): +0.016

bEdge distortion after coldwor k tin.): 0.001
CSpecimen growth after culdwork (in) 0.0145 in 12.375

Specimen growtn after ream (in ). 0.0130 in 12 37S

Specimen growth after countersink (in): 0-0130 in 12 375

a 13a v v d i te c t io n D ir e c t o n O f c r l d w o r k

-F- - -------- - 1

,) I ndcates bow as shown in skeie.J

I Indicates bov in opposite directior

bEdgc dstortion

- -- --
Value indicates amount of side bow.

cMeasuremen •takei after each operation indicated borne of vie dif ,ii .

mra be contuibtaed to reamer wander and temperature variance
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PHASE I--TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 4T DATE; 1/8/73

TEST CONDITIONS

Specimen Description

Material: Ti46AI-4V Hole spacing (in.). 1.5

Material gage (in.): D.375 Nominal hole size (in.): 3/8

Size (L x WI~in.): 15 x 118Edge margin: 0.563 in.

Numer of holes:

Coldwork Information

Coldwork process. Sleeve

Mandrel taper (in., in),)- 0.045

Ma~ndrel diameter 0in 0.3537

Ex~pansion 0in.): 0.018

RESULTING DATA

Edge bulge at holes, average (in.: 0.0024

Edge bulge between holes, average (in.): 0.0005
aBow after coldwork (in.): +0.055

'Bow after ream and countersink (in.): +0.028
bEdge distortion after coldwork (in.):' 0.003

CSpecimen) growin after coidwork (in.). 0.0145 in 12

Specimen growth after ream (in.): __ 0.0160 in 12

Specimen growth after countersink (in.): 0.0155 in 12

a 8  rre1,o Direction of coldviork

(+1 Indicates bow as shown in sketch

i-)Iindicates bow in OPPosite direction

Ededistortion

Value indicates amnount of side bow

C~ias~emets ake afereach operation indicated Some ol the ddlerence

may be conrirbuted to reamer wander and temperature variance
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PHASE I--TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 7T DATE: 1/8/73

TEST CONDITIONS

Specimen Description
Jr Material: Ti-6AI4V Hole spacing (in.): 2-1/4

Material gage (in.) 0.75 Nominal hole size (in.): 3/4
Size (Lx WIfin.) 15 x 2-1/4 Edge margin: 1.125 in,

Numer of holes: 6

Coldwork Ii.rurmation

Culdwork process: Sleeve
Mandrel taper (in/in.): 0.045
Mandrel diameter (in.); 0.714

Expansion (in.): 0.029

RESULTING DATA

Edge bulge at holes, average (in.): 0.003

Edge bulge between holes, average (in.): 0.001
aBow after coldwork (in.): +0.003

aBow after ream and countersink (in 1 -0.030
bEdge distortion after coldwork (in) None

CSpecimen growth after coldwork (in): 0.0110 in 11.25

Specimen growth after ream (in.): 0.01 20 in 11.25
Specimen growth after countersink (n.)l: 0.0115 in 11.25

a~ uw direction Directionrs c oldwork-

F_ -_- ------------. . -_- --

(t) Indicates bow as showlt in skeich
I-) Indicates bow in oippoite direction

bEdge distortion

Value indicates amount of side bowv

CMeasurements taken after each operation indicated. Some of the difference

may be contributed to reamner wander and temoerature variance.
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 8T DATE: 1/8/73

TEST CONDITIONS

Specimen Description

Material: Ti-6AI-4V Hole spacing (in.): 3
Material gage (in.): 0.75 Nominal hole size (in,) 3/4
Size (L x W)(in ): 15 x 2-1/4 Edge margin: 1.1/9 in,

Numer of holes: 4

Coldwork Information

Coldwork process: Sleeve

Mandrel taper (n.,in): 0.045
Mandrel diameter (in.): . 0.714

Expansioii (in.): 0,029

RESULTING DATA

Edge bulge at hole, average (in.)_ 0,003
Edge bulge between holes, average (in.): 0,0005

aBow after coldwork (in.): +0.017
aBow after ream and countersink (in.): +0.011
FEdge distortion after coldwork (in.) - None
cSpecimen growth after coldwork (in.): 0,006 in 9
Specimen growth )fter ream (in.): 0.006 in 9
Specimen growtn after countersiik (in.): 0.006 in

aRow direction Direction of cidwork

i - - - -- - - - ---- - -

i*1 indicates bow as showin in sketch

I-) Indicates bow in opposite direction

hEdge distortion

Value indicates amount of side bow

CMeasurements taken ofter each operation indicated. Zome of the difference

may be contributed to reamer wander and temperature variance.

150



PHASE I-TASK 4A-FDGE MARGIN AND HOLE SPACING DATA

* SPECIMEN NUMBER: 9T DATE 1/8/73

TEST CONDITIONS

Specimen Description

- Material: Ti-6AI-4V Hole spacing (in.): 2-1/4
Material gage (in.). 0.75 Nominal hole size (in.): 3/4
Size (L x W)lin ): 15 x 3 Edge margin. 1.50 in.

Numer of holes: 6

Coldwork Information

Coldwork process: Sleeve
Mandrel taper (In/in.): 0.045

Mndrel diameter (in.): 0.714

Expansion (in.): 0.029

RESULTING DATA

Edge bulge at holes, average (in,): 0.0025

Edge bulge between holes, average (in.): 0.0010
aBow alter coldwork (in.): +0.012 !A

aBow after ream and countersink (in.). +0,003
bEdge distortion after coldwork (in.): None
CSpecimen growth after coldwork (in): 0.0085 in 11.25

Specimen growth after ream (in.): 0.0075 in 11.25

Specimen growth after countersink (in.): 0.0075 in 11.25

--- _

a B uw d ir e c t io n D i re c t io n o f L l l i r

r_. .- - -j

1+ 1 indicates bow as shown in sketch

I-) Indicates bow in oj)posite direchiow

bEdge distortion

i
I

Value indicates amount of side bow

Measurements take, after each Obverdton indicated Some of the dilferfence

may be Co'triir ited to reamer wan(der aicd ti'ntoerature varian(ce
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PHASE I -TASK 4A-ECGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 10T DATE: 1/8f73

TEST CONDITIONS

Specimen Description

Material: Ti.65A14V Hole spacing (in.): 3
Material gage (in.). 0.75 Nominal hole size fin.). 3/4
Size (L x W~in.) 15 x3 Edge margin: 1-1/2 in,
Numer of holes: 4

Coldwork Information

Coidwork process: Sleeve
Mandrel taper (in. i.): 0.045
Mandrel diameter (in.): 0.714..2
Expansion (in.): 0.029

RESULTING DATA
Edge bulge at holes, average (in.): 0.0025
Edge bulge between holes, average (in.): 0.0010

aBow after coldwork (in.): None
B1owv after ream and countersink (in.): -0.010

bEdge distortion after coldwork fin.): None
CSpecimern growth after coldwork fin.). 0.0030 in 9
Specimen growth aftei ream (in.): 0.0020 in 9
Specimen growth after countersink (in.): 0.0020 in 9

aBuv direction Directiorn of cuidwork

(Is indicates bow as shown in sketch
-1Indicates bow in opposite directioi9

bEd92 distoution

Value indicates amournt of side bow

CNfeswrets tae.en after eac', ooeration indicated Some of th~e di~fference

mrraý be contriboted to reaimer wander and temperature anarrace
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PHASE I -TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER iSDATE: 617

TEST CONDITIONS

Specimen Description

Material, 300 M steel Hole spacing (in.) i 1.50
Material gage (in.). 0.375 Nominal hole size (in-): 3/8
Size (L x W) (in) 1 15 x 1.125 Edge margin: 9/16 in.
Numer of holes: 9

Coldwork Information

Coldwork process: Push. no sleeve

Mandrel taper (mi.: 0.045
Mandrel diameter (in.): -0.358

Expansion (in.): 0.023

RESULTING DATA

Edge bulge at holes, average (in.): 0,0031
Edge bulge between holes, average (in.). 0.0007

aBowv after cnldwnrk (in I): 0 103

a8 0 w after ream and countersink (in.): 0.101
bEdge distortion after coldwork (in.): 0,1

CSpecimen growth alter coldwork (in.). 0.032 in 16

Spe,,men growth after ream (in.): 0.032i 1 R inn rhangpl

Specimen growth after countersink (in ~0.03 2 in (n~o can~aWet

a~owdi~et~ooDirection of coidwork

+1indicates bow as shown in skeitch

(1indicates bow in opposite direciio.

b.
bEdge distortion

Va!..c indrcates airno-nt of %,rip how

Ckieuement takein after each operation indicated some of the difference

mnay be conributed to reamner wander and temperature variance
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 2S DATE: 6114/73

TEST CONDITIONS

Specimen Description

Material: 300 M steel Hole spacing (in.): 1.125

Material gage (in.): 3/8 Nominal hole size (in.): 3/8

Size (L x W)(in.): 15 x 1.125 Edge margin: 9/16 in.

Numer of holes: 12

Coldwork Information

Coldwork process: Push, no sleeve

Mandrel taper (in.. in.): 0,045

Mandrel diameter (in.): 0.3580

Expansion (in.): 0.0230

RESULTING DATA

Edge bulge at holes, average (in.): 0.0030
Edge bulge between holes, average (in.): 0.0010

aBow after coldwork (in.): +0,102
aBow after ream and countersink (in.): +0.102

bEdge distortion after coldwork (in.): None

CSpecimen growth after coldwork (in.). 0.030 in 15

Specimen growth after ream (in.): 0.030 in 15 (no changel

Specimen growth alter countersink (in.): 0.030 in 15 (no chanQe)

813nW direction •Direction of culdwork

i+) Indicates bow as shown in sketch
I-) Indicates bow in opposite direction

bEdge distortion

Value indicates amount of side bow

c Measurements taken alter each operation indicated. Some of the ditference

may be contributed to reamer wander and temperature variance.
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PHASE I -TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

7SPECIMEN NUMBER. 3S DATE 6/14/73

TEST CONDITIONS

Specimen Description

tMaterial - 300 M steel Hole spacing (in.): 1.125

Material gage (in. 3/8 Nominal riole size (in.): 3/8

Size (L x V%6(it.): 15 x 1.50 Edge mirgin: 0.750 in.

Numer of holes: 12

Coldvvnrk Information

Cuidwurk process: Push. no sleeve

Mandrel taper (in., vi.): 0,045
IMundrel diameter (in.: 0.358

Expaniison (in.): 0.023

RESULTW,,G DATA

Edge bulge at holes, average (in 1: 0.0017

Edge bulge between holes, average (in.). 0.0012
aBuW dftetl coldwurk (in,): 0 0525

aBow after ream and countersink (in.). 0.0520
bEdge dis~ortion otter coldwork (in I: None

cSpecimen growth after coldwork (in.): 002in1
Specimen growth after ream (in.1 0.025 in 15 S nn channel

Specimen growth after countersink (fIn 0 0025 in 15 (no channel

d~jw itect~i ni ection of cuidwork

+1) Indicates bow as shown 11 sketcii

[ (-I Indicates bowv in opposite ifrect,..

bEdge distortion

Va,- -n~ae -mn tsa ,

niaýbe ontibued o ramer wandcer amdouemporature barnc
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PHASE I UASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER 4S DATE: 5/30/73

TEST CONDITIONS

Specimen Description

Material. 300 M steel Hole spacing (in.): 1.50
Material gage (in,): 0.375 Nominal hole size (in.). 0.375

Size (L x Wl(in): .15 x 1.50 Edge margin: 0.75 in.

Numer of holes: 9

Coldwork Information

Coldwvork process: Push, no sleeve

Mandrel taper (in. m.): 0.045

Mundrel diameter (in.l: 0.358

Expansion (in.): 0.023

RESULTING DATA

Edge bulge at holes, average (in) 0,0015
Edge bulge between holes, average (in.): 0.0007

aBow after coldwork (in.): 0064
aBowv after ream and countersink (in.): 0,060
hedge distortion after culdwui k fin.): 0.t 05
CSpecimen growth after coldwork (in.): 0-11A in 1R

Specimen growth dfter ream (in.). Q Qi, in Ir R(nn rhannp)

Specimen growth after countersink (in.): n.QAR n 1 R(nn ,hang_)

6ca w direction D irection of c oldwork

Iii Indicates bOw as shown in sketch
I-) Indicates bow in opposite direction

bEdge distorticii

Va;kie indicates amount of side bow

CMeasurements taken after each operation indicated Some Ot tie difference

may be conlributed to reamer wander and temperature variance
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER. 7S DATE. 7/5173

TEST CONDITIONS

Specimen Description

Material: 300 M steel Hole spacing (in.): 2.25
Material gage (in.);i 0,75 Nominal nole size (in.). 3/

Size(L xW) (in ): 15 x3 Edge nargin. -'/2in.

NLumer of holes: 6

Coldwvork Information
Coldwork process: Push, no sleeve
Mandrel taper (in. in.): 0.045
Mandrel diameter (in.): 0.7225
Expansion (in.): 0,030

RESULTiNJG DATA

Edge bulge at holes, average (in.): 000256

Edge bulge between holes, average (in.): 0.0007
aBow after coidwork (rin.: 40 011
a6 0ov after ream and countersink (in.: +0,013
bEdge distortion after coldwork (in.): Nona

* Specimen growth after coldwork (in.). 0.014 in 15
Specimen growth after ream (in.): Nn t-hange -

Specimen growth after countersink (in I)n: hao

~8owdrrehnDirection of coidwork

- -------------- - ....

WI Indicates bow as shown in sketch

b~d drior~fl I-) Indicates bow in opposite direction

Vaile indicates amount of side bow

CMeaueet takein aftier each operation indicated Some of tile difference

may be conirrb,,ited to reamner wander arnd temperature variance.
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PHASE I.-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 63 DATE. 7/5/73

TEST CONDITIO; IS

Specimen Description

Material: 3fl0 M teel Hole spacing (n.: 3

Material gage (in.): 0,75 Nominal hole size (in.): 3/4

Size (L x W)(in.) 15 x 3 Edge margin: 1 -/2 in.

Numer of holes: 4

Coldwork Information

Coldwork process: Push, no sleeve

Mandrel taper 0in.n. 045

Mandrel diameter (in.): 0.7225

Expansion (6n.): 0.030

RESULTING DATA

Edge bulge at holes, average (in.: 0.0025

Edge bulge between holes, average (in.): None,
aBowV after coldwork (in.): +0.010
aBow after ream and countersink (ml: +0.010

bEdge distortion after coldwork (in): None
CSpecimen growth after coldwork (in.) 0.010 in 15

Specimen growth after ream (in-). No change
Specimen growth after countersink tin2: No change

direct'°n $Direction of coidwork

- ,1

tel Indicates bow as shown in sketch
I-) Indicates bow in Opposite direction

bEdge distortion

---

Value indicates amount of side bow

CMeasurements taken after each operation indicated. Some of the difference

may be contribu.ted to reamer wander and temperature variance
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. PHASE I-.TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 9 S DATE: 7/5/73

TEST CONDITIONS

Specimen Description
Material: 300 M steel Hole spacing (in.): 2.25

Material gage (in.): 0.76 Nominal hole size (in.) ."'4

Size (Lx W)(in.); 15 x 2.25 Edge margin: 1- J in.

Numer of holes: 6

Coldwork Information

Coldwork process: Push, no sleeve

Mandrel taper (in.,in.): 0.046

Mandrel diameter (in.): 0.7225

Expansion (in.): 0.030

RESULTING DATA I
Edge bulge at holes, average (in.): 0.0035

Edge bulge between holes, average (in.): 0.0015
aBovi after coldwork (in.): 0.030

aBow after ream and countersink (in.): 0.030 4
bEdge distortion after coldwork (in.): 0,005

CSpecimen growth after coldwork (in.). 0.013 in 15
Specimen growth after ream (in.)_. No chl ,I
Specimen growth after countersink (in): No change

h8 u direction Direction of coidworkj

- - --- ---- - - - I _I

iii If c.cates bow as shown in sketch
i-) dicates bow in opposite direction

bEdv distortion

Vol;:i ,i-dicatc-, arnoun! -,fr sde tbnw

CMessotunennts lake- after each oi)eralion indicated Soime (if tie dilference

may be iro!'tribi.jed to reamer watder and temperature variance
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PHASE I-TASK 4A-EDGE MARGIN AND HOLE SPACING DATA

SPECIMEN NUMBER: 10 S DATE. 7//7

TEST CONDITIONS

Specimc Description
Material: 300 M steel olspcn(n.: 3.00

Material gage (in.), 0.75 Nominal hale size (in 3/4
Size (L x V)(in.) 15 x2.25 -Edge margin:i 11-1/8 in,
Numer of holes: 4

Coidwork Inrformation

Coidwork process: Push, no sit .'e
Mandrel taper (fin. in.): 0.045
Mandrel diameter (in.): 0.7225
Expansion (in.): 0.035 & 0.046

RESULTING DATA

Edge bulge at holes, average (in.). 0.004 (.035 interi. I& .0055 (.046 interi.)
Edge bulge between holes, average (in.) None (both cases)

aBow after coldwork 1).v) - 0.026
a'Bov after ream and countersink (in I 0.026
bEdge distortion after coldsvork fin.): None

CSpecimen growth alter coldwvorl (in.). 0.011 in 15

Specimen growth after ream (in,): No change -

Specimen gowth alter countersink tinl No cha-c

Bo direction Di )rection of coldwork

I inidicates bow as stoONn iý si-.

(-I ln~i~caxes bow in opposiJ~te dire,;,on

bEdge distorton

Va~le indicates amnount of side bow

C Masuemetstaken after ectit ooefation indicated Sumv o!fVed~fri'

may be conitributcd to reamer vvandur and teilmerature va"A"Ci
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PHASE I-TASK 48-MATERIAL TAPER EFFECT

Taper Certerline Direction
Material (deg) shift of shift

(in.)

2024-T851 (Al) 2 0.0035 Top of hole
moved as illustrated

2024-T851 (Al) 4 0.0035 in all cases

Ti-6AI-4V 2 0.002 --------

Ti-6AI-4V 4 0.003 Direction of -
shift
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PHASE I -TASK 4B-SPECIMEN S5, 300M STEEL 2 TAPER

Location of Moore traces

900 10 02

0 -

Before coldworking: Center of top of hole, 0.0025 in. toward 18e0 and 0.0015 in. toward 90e

After coldworking; Center of top of hole, 0.0010 in. toward 1508 and 0.0025 in. toward 90o

Conclusion: Center of top of hole moved 0.0008 in. toward 1800 (down slope)

A

SPECIMEN S6, 300M STEEL, 40 TAPER

Location of Moore traces

0 0.20

1__________________ 0..2T5

Before coldwork jog: Center of top of hole 0.0025 in. toward 9e0 from center of bottom of hole

After coidworking: Center of top of hole 0.0025 in. toward 15e frorn center of bottom of hole

Conclusion: Center of top of hole moved approximately 0.0017 in. toward 1800 (down sloPe,
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4m

PHASE I -TASK 4B--MOORE TRACE DATA FOR 300M STEEL; CENTER LINE SH IFT AS A

RESULT OF SURFACE TAPER

0

me
_________

mb/

193-1 7 iý9j
LI A I
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PHASE I-TASK 4E-DIAMETER CREEP

DATE :7/6/L3-

MAXIMUM EXPANSION (IN): 0.018-0.020

NOMINAL HOLE SIZE (IN.): 3/8

MANDREL TAPER (IN.IIN.): 0.045

PROCESS REAMCOLDWORK. REAM

MATERIAL THICKNESS (IN.): 0.075

Hole size

Material (in,)

tested Immediately One hour 24 hours
after ream after ream after ream I

2024-T851 (Al) 0.3753/0.3754 0.3752/0.3753 0.3752/0-3753

I i-6AI-4V 0.3753/0.3754 0.3752/0.3753 0.3752/0.3753

19



PHASE I--TASK 4F-MANDREL FINISH VARIATION

DATE: 2/7/73

MATERIAL: 2024.,T51 (Al)

MATERIAL THICKNE-SS (IN.): 0.75

NOMINAL HOLE SIZE (IN.): 3/8.

MAXIMUM EXPANSION (IN.): 0.018-0.020

MANDREL TAPER (IN/IN.): 0.045

COLDWORK PROCESS: Sleeve

Hole Mandrel Force 0b)
no, finish

1 None 2800

2 None 2840

3 None 2800

4 None 2600

5 Vapor blast + 3000
Fel Pro 300

6 _ 2580

7 2400

8 2500
9 2480

10 2470 ,

11 2780

12 2540
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PHASE I-TASK 4F-.MANDREL FINISH VARIATION

DATE: 2/7173

, •= ...... MATE RIAL: TK-6AI-4V.

MATERIAL THICKNESS (ON.) 0.75

NOMINAL HOLE SIZE (IN.)_L 3/8

MAXIMUM EXPANSION 1IN.1 0.018-0.020

MANDREL TAPER (IN/IN.) Q.045

COLDWORK PROCESS: Sleeve

Hole Mandrel Force (Ib)no. finish

1 None 3740 A

2 None 3860

3 None 3700

4 Vapor blast + 3560

. Fel Pro 300

5 3470

6 3600

7 3680

8 4 3650
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PHASE I-TASK 5-MULTIMATERIAL PROCESS DATA

TEST OBJECTIVE

To determine size differential in aluminum and titanium stack after final ream operation
1I

TEST CONDITIONS

a) Material

1) Test plate 1-V consists of 0.0250-in,-thick 2024-T851 plate + 0.250-in.-thick Ti-6AI-4V plate
+ 0.250-in.- thick 2024-T851 plate (0.75 in. total)

21 Test plate 2-V consists of 0.250-in.-thick Ti-6AI-4V plate + 1.00 min.-thick 2024-T851 plate
+ 0.250.in.-thick Ti-6AI-4V plate.

b) Sizing method
1) Reaming (0.3735-in. diameter) using TBt (freon)

TEST RESULTS

a) Test plate 1-V as-reamed hole diameter in inches

2024.T851 Ti-6AI-4V 2024-T851

0.3737 0.3742 0.3742
0.3738 0.34 0.3740

b) Test plate 2-V as-reamed hole diameter in inches

Ti-6AI-4V 2024-T851 Ti-6AI-4V

0.3741 0.3741 0.3742
0.3742 0.3742 0.3745
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PHASE I-TASK 6-SIZING PARAMETERS

Aluminum (2024-T851)-3/8-in. nominal diameter hole in 3/8-in.-thick material, 0.019-in, expansion

Typical hole Material to
Test P'-_ Maximum diameter be removed

hole no. at exit size requirement diameter difference Cmet
(in.) (in.)

D-1 0.370

D-3 0.370
D-4 0.370
E8 0.370 0,3740 0.003mri Reamed five holes with

0.3730 0.373 reamer; no sign
e n0.369 e of exit not cleaning up.

F2 0.371
F3 0.369
F4 0.367
G-1 0.368

S, Titanium (Ti06A1.4V)-3/8-in. nominal diameter hole in 3/83in.3thick material, 0.019-in, expansion

t Typical hole Material to
hole no. at exit requir.)m diameter difference

size in.) e remved Cmment

Al 0.369
BI 0,370
C1 0.370

D-1 0.371

Ty lReamed five holes with

Ab030034e.0 rmove Come

A2s 0.370 V0,3730 0.3740 0.002 min 0.373 diameter reamer;
82 0.370 0.3730 0.005 max all holes cleaned up
C2 0.370
02 0.370
E2 0.370
F2 0.371
G2 0.370
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A. ALUMINUM

"Task I (base metal) Stress (ksi) Cycles

1) 2024-T851 30 370,000
510,000
468,000

25 810,000
15,576,000 NF

1,660,000

35 239,000
219.000

40 112.000
143,000

2) 7175-T736 30 8,022,000
8,156,000

10,123,000 NF

Task 2 (open holes) Stress (ksi) Cycles

1) 2024-T851

a) Honed holes 30 39,000
46.000
47,000

b) Reamed only 30 45,000
47,000

37.000

25 46,000

52.000

20 219,000

35 11.000
1 0,000

59,000

40 14,00015.000

c) C/W and postreamed 25 975,000
366.000

12,700.000 NFI

35 90.000
114.000
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40 35,000
38,000

2) 7175-T736

a) Reamed only 30 45,000
56M000
69,000

b) C/W and postreamed 30 510,000
618,000
692,000

Task 3 (ZLT-filled holes) Stress (ksi) Cycls

1) 2024-T851

a) Reamed-net-fit Hi-Loks 30 696.000
565,000
127,000
237,000
205,000

25 404,000

684.000

35 82,000
79,000

40 52.000
49,000

b) C/W and postreamed-net-fit Hi-Loks 30 591.000
950,000
608,000

25 7,779,000 NF
8,323.000 NF

35 311.000
387,000

40 161.000
149.000

c) Protruding-head Taperlok 30 1.236.000
947,000

6.08o.000
2,,62.000

25 10.075.000 NF
1.594.000

10, 164.000 N F

35 328.000
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40 237,000
156,000

St 30 147,000 ,

"d) 100 0-flush head Taperlok 37
264,000
196.000

25 612,000
661,000

2) 7175-T736

a) Reamed-net-fit Hi-Loks 30 359,0001,007,ooo 0
253,000 L

b) CiW and postreamed-net-fit Hi-Loks 30 513,000
523,000
293.000

Task 4 (process/application variations) Stress (ksi) Cycles

i) All 2024-T851

a) Open holes

90 0.sleeve split 30 382,000
424.000

[i 335,000

C/W-as-drilled hole 30 261,000
491,000
226,000

C/W-abusively drilled hole 30 110.000
287,000

_ _ ~93.000 •

CJW-no postream 30 431,000

333.000
330.000

C/W and score one hole 30 300.000
94,000

303.000

C!W plus 1/64-in. postream 30 235,000
2490,01)0

214.000

C/W plus I/32-in. postream 30 293.000
25o.0)00

285.000

C/W plus 1/ 16-in. postreatf 30 312.000
1 7,000
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Square wire sleeve 30 167,000
339,000
586,000

0.060-in.-thick material 30 48,000
49,000
65,000

I-1/2D E/M; 5 1/4D hole spacing 30 855,000
203,000
325,000

2D E/M; 5-1/4 SP 30 504,000
535,000
253,000

2-1/2D E/M: 5-1/4 SP 30 756,000
393,000
254,000

2-1/2D E/M; 3D SP 30 339,000
355,000
380,000

2-1,12D E/M; 4D SP 30 300,000
294,000
272,000

b) ZLT-filled holes (net-fit Hi-loks unless otherwise noted)

One hole not C/W 30 855,000
703.000
325,000

C/W-0.002 clearance, Hi-Lok 694.000
366,000 =

697,000
C/W-0.000 interference, Hi-Lok 120.000

185.000
250.000

C/W- I 00-csk, after 1,247,000
950,000
, 186,000

C/W- 100ccsk, before 169.000508,000
213.000

C/W-70'-csk, after 290.000

315.000
11)1.000

C/W--cracked. before 93.000
r 515.000

025.000
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- _t

c) ZLT- S-hole coupon, filled holes

C/W and postreamed 40 149,850
150,320
-135,990

J) LLT- I5-hole coupon, filled holes

C/W and postreamed-one at time 30 265,000
264,000
288,000

C/W and postreamed-production technique 40 153,000
146,000

30 273,900

C/W-no postream -production technique 40 154,600
157,200
165,500

e) HILT--filled holes

C/W-net-fit, 0.010-in, shim 30 580,620
371,350
500,440

C/W-0.002 clearance, 0.01 O-in. shim 30 281,720
291,700
355,200

C/W-0.002 interference, 0.01 O-in. shim 30 924,180
655,880
900,530

C/W-net-fit flush-head, 0.010-in. shim 30 508,360*
343,460*
557,400*

C/W-net fit, no shim 30 294.720
386,9900

399.190

C/W-net fit, no shim, upset removed 30 429,000N674,690

990,370

Taperlok-0.010-in. shins 30 682,310
741,0 MO

369.400

Taperlok flush head, 0.010-in. shim 30 1.422.000*
517.8 10*
548.000"

|

*Test specimen design did not produce evaluationi of countcrsink ziic., kini %shank /oic properl• ekditi,tcdt
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Reamed only, 0.010-in. shim 30 201,290
151,220
122,060

C/W-0.060-in. shim 30 365,020
867,530

B. TITANIUM

Task I (base metal) Stress (ksi) Cycles

I) Ti-6AI-4V (ann) 80 4,051,000
4,200.000

85 591,000
1,400,000

95 605,000
1,071.000

100 188,000
463,000

2) Ti-6AI-4V (STA) 135 35,000
115 87,000

44,000

3) Ti-6AI-4V (STOA) 115 113,000
97,000

117,000

4) Ti-6AI-6V-2Sn (ann) 115 69,000
53,000

117,000

5) Ti-6AI-6V-2Sn (STA) 115 103,000
90,000
60,000

6) Ti-6AI-6V-2Sn (STOA) 115 189.000
107.000
148,000

Task 2 (open holes) Stress (ksi) Cycles

1) Ti-6AI-4V (ann)

a) Honed holes 65 41,000
66.COO
58.000

b) Reamed only 60 67.000
43.000
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A
65 41,000

39,000

50 103,000
142.000

55 420.000
51,000

117,000

c) C/W and postreamed 60 117,000
116,000

50 1,576,000

6,865,000

70 70,000
64,000

65 88,000
104,000

2. Ti-6AI-4V (STA)

a) Reamed only 70 26,000
30.000
36,000

b) C/W and postreamed 70 81,000
83,000
51.000

3) Ti-6Ai-4V (STOA)

a) Reamed only 70 30,000
32.000
33,000

b) C/W and postreamed 70 70 00
38.U00
58,000

4) Ti-6AI-6V-2Sn (ain)

a) Reamed only 70 51,000
35,000
28,000

b) C/W and postreamed 70 50,000
70,000
79,000

5) Ti-6AI-6V-2Sn (STA)

a) Reamed only 70 22.,000
23,000
24.000
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b) C/W and postreamed 70 76,00094,000 •:

72,000

6) Ti-6AI-6V-2Sn (STOA)
a) Reamed only 70 38,000

38,000

30.000

b) C/W and postreamed 70 67,000
48,000
55,000

7) Ti-6A1-4V (ann) (3/4-in.-diameter holes)
C/W and postreamed 70 86,000

54,000

61,000

Task 3 (•ZLT-filUed holes Stress (ksi) Cycles

1) Ti-6Ai-4V (ann)

Reamed-net-fit Hi-Loks 70 90,000
83,000
78,000

75 47,000
52,000

65 109,000
92,000

60 246,000
139,000

2) Ti-6AI-4V (STA)

Reamed-net-fit Hi-Loks 70 65,00074,000

82,000

3) Ti-6AI-4V (STOA)

Reamed-net-fit Hi-Loks 70 82,00074,000

69,000

4) Ti-6AI-6V-2Sn (ann)

Reamed-net-fit Hi-Loks 70 53,000
43.000
56,000

5) Ti-6AI-6V-2Sn (STA)

Reamed-net-fit Hi-Loks 70 5048,000

29.000
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6) Ti-6A1-6V-2Sn (STOA)

Reamed-net-fit Hi-Loks 70 70,000
52,000
51,000

Ti-6AI-4V (ann)

C/W and postreamed with net-fit Hi-Lcks 70 1,830,000
347,000
698,000

65 1,333,000
2,273,000

75 203,000
199,000

80 180,000
137,000

7) Ti-6AI-4V (STA)

C/W and postreamed with net-fit Hi-Loks 70 509,000
468,000
545,000

9) Ti-6AI-4V (STOA)

C/W and postreamed with net-fit Hi-Loks 70 1,580,000
616,000
146,000

10) Ti-6AI-6V-2Sn (ann)

C/W a.-d postreamed with net-fit Hi-loks 70 530,000
487,000
195,000

11) ri-6AI-6V-2Sn (STA)

COW and postreamed with net-fit Hi-Loks 70 143,000
99.000

110,000

12) Ti-6AI-6V-2Sn (STOA)

C/W and Postreamed with net-fit Hi-Loks 70 197,000
90,000

147,000

13) Ti-6AI-4V (ann)

a) Protruding-head Taperloks 70 367,000
689,000

5,323,000

75 3,086,000
10,06 1,000
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65 7,788,000 NF
7,774,000 NF

60 300,000
7,602,000 NF

b) Flush-head Taperloks 70 I, 146,000
240,000
370,000

75 372.000

99,000

65 266,000
563,000

60 1,092.000
2,602,000

Task 4 (process/application variations) Stress (ksi) Cycles

I) (all Ti-6AI-4V (ann)

a) Open holes

90°-sleeve split (C/W) 70 179,000
87,000
79,000

C/W as-drilled hole 70 63,000
66,000
66,000

C/W-abusively drilled hole 70 47,000
43,000
54,000

C/W-no postream 70 79,000
88.000
82,000

C/W-score, one hole 70 85.000
72,000
76,000

C/W plus 1/64-in. postream 70 61,000
64,000
64.000

C/W plus 1/32-in. postream 70 54.000
76.000
67,000

C/W plus 1/16-in. postream 70 62.000
67,000
54,000
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"O N m I R M

('/W stpltare wirc slccve (nto ic ,ulis, sec data slice I)

"O.0(0-in.-thick matvrial ('/W plus postream 70 61,000S~50,000
0I 1,000

1-I i21) ElM 5-I/41) hole ,spaciing ('/W

plus postrcaieCl 70 46,000
90,100
68,000

21) P/M 5-1/41) hole spIcinig -('!W plus

posl rca in 70 49,000
56,00()
52,000

2-1 2D . 'M: 5-1141) hole spacing (7'W

plus postrIcanil 70 67,000
63,000
62,000

2-1/21) E/N: 3D hole spacing (','W p!ls

postream 70 58,000
8 1.000
74,000

2-i1i2D E/M 4D hole spacing C./W plus

postream 70 59,000
104,000
66,000

b) Filled holes (ZLT) -(net-fit Hi-Loks unless otherwise noted)

One hole not C/W 70 119,000
77,000

1.286,000

C!W-0.002-in. clearance. Hi-Lok 70 153,000
226,000179,000

C/W-0.002-in. interference, Hi-lok 70 4,421,000
6,836,000

824,000

CIW-csk after 70 217,000
212,000
483,000

t C/W-csk before 70 760,000
757,000

1,064,000

C/W-70 C'W--70°-csk after 70 555,000
570,000

435,000

193



C/W-prefatigued 70 709,000
431,000

i.W-crack, d before 70 3 1 2,0'J.
1 92'000

78'1000

0) ZLT- I 5-hole coupon, filled holes
A

C/W postreamed 70 124,450
122,210
60,760

d) LLT- 15-hole coupon, filled holes

C/W and postreamed-production technique 70 40,190
31,840 I
47,330

'/W, no postreamed -production technique 70 98,040
187,150
191,330

C/W, postreamed-2024-T851 stringer plus
Ti-6AI-4V (ann) skin 40(AI) 61,590

64(Ti) 79,170
64,620

e) HLT-filled holes

CJW-net-fit, 0.010 shim 70 21,280
22,500
17,340

C/W-0.002-in. clearance, 0.010-in. shim 70 18,660 7N
20,640
20.000

C/W-0.002-in. interference, 0.010-in shim 70 24,140
24,700
26,630

C/W-net-fit, flush head, 0.010-in. shim 70 11,580
6.200

11,170

C/W-net-fit, no shim 70 30,700
39,950
33,630

C/W-net-fit- no shim. upset removed 70 98,140
36.180
31,890

Taperlok --protruding head, 0.010-in. shim 70 73.970
78.490
62,280
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Taperlok-flush head, 0.0 10 shim 70 9,590
8,450
8,740

Reamed only--net-fit Hi-Lok 70 19,050
18,060
10,940

C. 300M STEEL (270/300 KSI)

Task I (base metal) Stress (ksi)

110 10000,,000 NF
1 0,000,000 NF

120 10,000,000 NF

130 591,000
177,000

2.558,000

135 364,000

140 84,000
114,000

* Task 2 (open holes) Stress (ksi) Cycles

a) Honed holes 105 43,000
34.000
42,000

b) Reamed only 100 113,000
400,000

105 139,000
103.000
75,000

110 48.000
60,000

115 32,000
49.000

c) C/W and postreamed 100 99.000
132.000

105 54,000
72,000
71,000

110 41,000
62,000
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115 127,000
46,000

d) C/W and postreamed 3/4-in.-diameter holes 100 100,000
75,000

2 10,000

Task 3 (ZLT-filled holes) Stress (ksi) Cycles

a) Reamed only plus net-flit Hi-Loks 100 112.000
237,000

105 97,000

136.000

110 76.000
90M000
62,000

1 15 40,000
51,000

b) CiW and postreamed with net-fit Hi-Loks
(0.045 in./in. mandrels taper) 100 673.000

8,300,000

105 462,000
4,203,000

110 141.000
382,000
252.000

c) C/V Ad postream with net fit Hi-Loks
(0.,30 in./in, mandrel taper) 110 390,000

349,000

264,000

d) COW and postream with netfit Hi-Loks
(0.045 in./in. mandrel taper) (0.005 in.
less interference) 110 121,000

118,000
105,000

e) C/W and postream with net fit Hi-Loks
(0.015 in/in, mandrel taper) 110 287.000

364.000
76,000

Task 4 (process/application variations) Stress (ksi) Cycles

a) Open holes

00-sleeve process 110 93,000
280,000
178,000
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90'.split sleeve process 110 163,000
128,000
114,000

CIW -no postream 110 428.000
388,000
208,000

C/W-score, one hole 110 103,000
I "67,000

110.000

C/W -as-drilled hole 110 266,000
152,000
252,000

C/W abusively drilled holes 110 113,000
150.000
380,000

C/W plus 1/64-in, postream 110 65M000
45,000
59.000

C/W plus 1 /32-in. postrearn 110 248,000
121.000
209,000

C/W plus I/I 6-in. postream I10 58,000
72,000

-A1
55,00

0.060-in.-thick material 110 71 000
12,000
47,000

1-1/2D E/M, 5-1/4D hole spacing 110 100,000
170.000
177,000

2D E/M; 5-1/4D hole spacing 110 78,000
44,000
56.000*

2-1/2D E/M; 5-14D hole spacing 110 70,000
72,000

182,000

2-1/2D E/M: 3D hole spacing 110 91,000
80.000

I Ie,000

*Grip failed
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2-1/2[) E/M; 4D hole spacing 110 120,000
145,000 .

143,000

b) ZLT filled holes (net-fit Ili-Loks unless otherwise noted)

One hole, not C!W 110 43,000
52,000 -2
S33,000

(C/W 0.002-in. clearance, lli-Lok 110 711,000
254,000
"283,000

C./W -0.002-in. interference. Hi-Lok 110 3,282,000
198,000
244,000

CW - 100°-csk after 110 9,993.000 N17
7,760,000 NF
1,510.000

C/W -70'-csk after 110 935.000
420,000

2,547,000

C/W- I000 -csk before 110 38.000
26,000
36,000

C/W-prefatigued 110 343,000
7,508,000 NF

C/W-cracked before 110 7,484,000 N F
486,000

c) HLT-filled holes (Hi-Loks)

C/W-net-fit, 0.020-in. shim 110 18.830
17,240
131750

C/W-0.002-in. clearance-fit, 0.020-in. shim 110 14,850
21.820
17.150

C/W-0,002-in. interference fit,

0.020-in. shim 110 20.350
15,040
2 1.930

C/W-net fit, flush head, 0.020-in shim.
side plates reduced to 0. 125 in. thick 110 7,919

8.090
9,300
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Stress* Syress

Reamed only 0,020-in. shim 110 4,220 110 4,220
95 8,040 110 2,500

95 9,320 110 3,000

C'/W -- net fit, no shim 122 7,150 110 10,000
122 9,660 110 15,000

122 11,770 110 20,000

i

*Values convet ted to I 10 ksi stress
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PHASE II TASK I- BASE METAL VALUES

TEST NUMBER: II Base

NOMINAL EXPANSION VALUE: -

SGENERAL TEST CONDITIONS DATE: 1-15-73

Specimen Description 3. CW Process

Zero load transfer Sleeve type: Axial Split .
Configuration: ,g. 2 Sleeve thicknesT:
Width: 1 .50" Sleeve orientoti-
Hole spacing: CW Mondr- .'R.\ " -0-N
Edge margin, CW/ M'

Material: 202r4 T 851 15-, .
Material guge: 0_20" .: Fel Pro 300 (onleve)
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditinns

Nominal hole size: Net stress: 30 ksl
Process: Test load: 10,500 Ib,

Load ratio: (R) 7 0. 1
Test Frequency: 5UUO/milnute

2024 Test Laboratory: Materials
Base Metal Test Engineer: U. Reese

. 0 ksi Test Machine: Vibrophon 36 Kip)

Hole Diameter Hole Finish I
(he) (H) gin of Failure

z- i and
C 3: t.

-1 -•-370

-2~I 510

-3 468

> Token at Minimum (midpoint)
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PHASE II TASK I - BASE METAL VALUES

TEST NUMBER: I1 BASE

NOMINAL EXPANSION VALUE:

GENERAL TEST CONDITIONS DATE: 1-15-73

1. Specnmen Description 3. CW Process
Zero load transfer, Sleeve type: Axial Split
Configuration: F19 2 Sleeve thickness:
Width: 1.50 Sleeve oriental;,
Hole spacing: - CW Morda,-' ' .M- -0-N
Edge morgirn: CW M
Material: 2024 T 851 - .lor Dio. :
Material gouge: 0.2505 - \ : Fel Pro 300 (on sleeve)
Surface Treatment: Shut Peen -

Fastener: None

2. Hole Preparation 4. Fatigue Conditions
Nominal hole size: - Net stress: 25 kst
Process: Test load: 9F-,60 dls"

Load ratio: (R7 0. 1
= 2024 Test Frequency: 500 0/minute

Base Metal Test Laboratory: Materials

25 ksi Test Engireer: D. ReeseTest Machine: Vibrophore (36 Kip)

Hole Diameter Hole Finish, 0S~~(inches) (RH R) ••_'••

SU F5. Remarks

"srnnes • ,Originof Falur

., 2 E U

-4

V
-5 15,576

____No NFailure

r- ...IILIL 111 660 ______
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PHASE 1i TASK I - BASE METAL VALUES

TEST NUMBER: II Base

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 1-15-73

1 Specimen Descrption 3. CW Process

Zero load transfer Sleeve type: Axial Split ,
Configuration: Fig 2 Sleeve thickness:
Width: 1.50" Sleeve ori entot- ,
Hole spacing: - CW Mandr-' . 1iM- -0-N
Edge margin: Cw M R

Material: 2024 T 851 -lor Dia. :-
Material gouge: 0.250" Fel Pro 300-ve)
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fot;g9*e Conditions

Nominal hole size: Net stress: 35 ksi _

Process: Test load: 11,750 lbs
Load ratio: (R) 0.
Test Frequency: 5000/minute

2024 Test Laboratory: Materials
Base MtlTest Engineer: D. Reese

Test Machine: Vilropinore T3-6Kip)

C
o Hole Diameter Hole Finlis .2

C4(inches) (RH R)- .2fFale
_Origin of Failure

Z .c and

U R etnoiks

-6 ... 239

-.. ,- .. -. t f i
* -7 1219

i1 !okn vi Miniii,m (midpoint)
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PHASE II TASK I - BASE METAL VALUES

TEST NUMBER: II Bose

NOMINAL EXPANSION VALUE:

GENERAL TEST CONDITIONS DATE: 1-15-73

I. Specimen Description 3. CW Process

Zero load transfer Sleeve type: Axial Split \. .
Configuration: Fig. 2 Sleeve thickness:
Width: 1.50" Sleeve orientat;.
Hole spacing: - CW Mandr-' .J ." •- -0-N
Edge margin: - CWMMateriol 2024 T 851 - \ ,JlOt Dia. __

Material gouge- 0.250" , _.,,: Fel Pro 300__ve)
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparat;on 4. Fatigue Conditions

Nominal hole size: Net stress: 40 ksi
Process. Test load: 12,-0"I

Load rat;o: (R) -- 0. 1
Test Frequency: _.5000/minute

2024 Test Laboratory; Moterials
Base Metal Test Eng;neer: D" Reese

40 ksi Test Machine: Vibrophore (36 Kip)

Hole Diameter Hole Finish .2

(inhe) ( " -Origin of Failure

& as

-8 -- 112

-9 - __ _ 143

> Token at Minimum (midpoint)
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PHASE II TASK I - BASE METAL VALUES

-41 TEST NUMBER: BASE (7175 T736

NOMINAL EXPANSION VALUE: -,-

C-ENERAL TEST CONDITIONS DATE: 4-5-73

11I Specimen Description 3. CW Process

-Zero load transfer Sleeve type: Axlol Split
-- .. . Configuration: Fig. 2 Sleeve thickness: S

Width: 1 .50' Sleeve orientot;- ,
Hole spacing: - CW Mandr-' a - - -0-N
Edge margin: - CW0 __ _"

Material: 7175T736 r" lor Dio. _

Moterial gauge: 0.250" .: Fel Pro 300onsleeve)
Surface Treatment: Shot Peen
fastener t None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: Net stre•s: 30 ksl

Process: Test load: 11,250 1bs _

Load ,olio: .R) 0. 1

715Test Freqwen-cy: 5000/minuTe_ _
Base Metal Test Laboratory: Materials

Test Engineer: D. Reese
Test Machine: Vibroehore (36 Kip)

CDCen.SHole Diameter Hole Finis .

cc j ( e Origin of Failure

ZC and

S-1 - - -- I 8,022

T r a t E Rem rk

-2 .. ,156

-3. . . . . 10 , 123
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PHASE II TASK 2 - BASIC OPEN HC-LE VALUES

TEST NUMBER: II A I

NOMINAL EXPANSION VALUE: -

GtNERAL TEST CONDITIONS DATE: 1-30-73

I Specimen Description 3. CW Process -

.Zero !oad transfer, 2 hale, no CSK Sleeve type: Axial "

Configuration: Fig. 2 Sleeve thicknevs---, '
Width: 1.50" Sleeve ore, 00
Hole ýpacing: 1.50' CW Mr ' ,JO-Cam- -.- ,
Edge margin: 0.75" CW eer -

Material: 2024 T , Major -i'o_..
Material gauge: 0-375 "ron: Fel Prn 300 ion Tewe
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 30 ksi
Process: Drill, ream, Hone Test load: 8,500 -bs.

Load ratio: iR) 0. I
Test Freauency: 5000Ominute

2024 Test Laboratory: Materials
Honed Open Test Engineer: D. Reese

30 ksi Test Machine: V-brhc.horte 36 KIP)

Hole Diameter Hole Finish .2

(inches) iRHR) .." -.

0a* " Origin of Failure

Z 4u - 2. a u D and
0 39o aRemarks

- .3755 .25---25

2~ 1.355 25 '__ _
.3760 - 25 46-21 25
.3760 - 2

47

.3755 - 120 - -) I•S- I .1 12 1 I,

:> Taken at Minimum (midpoint)
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: II A 2

NOMINAL EXPANSION VALUE: _ _

GENERAL TEST CONDITIONS DATE: 1-30-73 -- _

1 Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial
Configuration: Flq 2 Sleeve th ic knes7
Width: 1 N50 Sleeve orie_
Hole spacing: 1.50" CW M ,, .R - -CBM---- -0-N
Edge margin: 0..5 .r: r -r
Material: 2024 T 851 1.€ Major -o:.
Matelal gouge: 0,:375" -. ation: Fel Pro 300 6oWn Teve-&,
SUrface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 30 ksi
Process: Drill & Ream Test load: 8,500 lbs.

Load ratio: (R) 0. 1
Test Frequency: 5.000/mnte -"

2024 Test Laboratory: Material202R Test Engineer: __ D. Roes.
ad •est Machine: Vlbrophore (36 p(o)30 ksl

SHole Diameter Hole Fmnish .2 .

(inches) (RHR) • - O ioFlcc : 1 u.. " 06riin of Failure '

o"3 • ,, and
C -oA U -6 Rema&s

4,,=

400.3-.3 6o 40- -l I

-5 45
2 ... 3760 150 -

-6 - .3765 5) 47
2 - - .3765 - 50 -

I - ,3 - 45 -

-7 - i - 37- - 3760 _ 50  -1 -
> Token at Minimum (midpoint)
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: 2A
NOMINAL EXPANSION VALUE:__-

GENERAL TEST CONDITIONS DATE: 3-9-73_ _ _

1. Specimen Description 3. CW Process k -

Zero load transfer, 2 hole, no CSK Sleeve type: -

Fig. 2 _ _ _ _ _
Configuration: g.Sleeve thickne-
Width: 1 .50" Sleeve orlo ____....___

Hole spacing: 1 .50" CW Me _ _ _

Edge margin: 0.75" CW' Pr:

Material: 20241851 1 Major Dia.:
Material gouge: 0.250" Q rion:
Surface Treotment:Shot IPeen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 20 ksi

Process: Ream Test load: 5,675 lbs
Load ratio: (R) 0.1
Test Frequency: 5000/minule
Test Laboratory: Materials

Reamed Open Test Engineer: D. Reese
20 k$l Test Machine: Vibrophore 36 Kip)

0o Hole Fastener

Diameter Diameter Net Fit Hole Finish •
C4(Inches) (Inches) Between (RHR) -2 Origin of Failure

After Fastener After and0 and Ream, Remarks
Z -0 Ream Hole

1 .3760 65

-14 -9- 59
2 .3765 65 35 ksi (Net Stress)

I .373U 30 6-I t
-21 - 30 219 C/W

2 .37?C; 30

2
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: I1 A 3

NOMINAL EXPANSION VALUE: -

GLNERAL TEST CONDITIONS DATE: 1-30-73

II 1. Specimen Description 3. CW Process .

Zero load transfer, 2 hole, no CSK Sleeve type: Ax;-'
Config-,ration Fig. 2 Sleeve ti-rick ne-
Width: 1 -ý" Sleeve or; - 00
H-le spacing: 1,50" CWP .jOO-CBM- -- 0-N
Edge margin: 0.75 " C' iper:

Material: 2024 T 851 1 el Moj Dia.
Material ga-uge: 0. 375' - a.tion: Fel Pro 3007ko--T~ee-ve,
Surface Treatment: Shot Peen
Fastener: None

2 Hole Preparation 4. Fatigue Condit;ons

Ncninol hole size: 3/8' Net stress: 25 ksl
Process; Drill & Ream Test load: 7000 lbs.

Loa d rot;o: (R) - 0. I
Test Frequency: 5000/mlnute

2024 Test Laboratory: Aiaterlals
RTest Engineer: D. R:0 e0

25 k'l Test Machine: Vibrophore (36 Klp)

~~1
Fa 0

F ~ Hole Diameter Hole Finish .o .(inches) (RHR) •..-
I (inces) RHOrigin of Failure

~T

Z 0 E0 and
) -2 A 7o Remarks

E,

1 - - 3760 - - 60-
-8 -. _ __ _ -- 46

2 - - .3760 - 55

I - .3760 - 45
-9 52

ý2 - - .3760 - - 55.-

_-I

I - Taken if M -,, ...... k. -i,,,J, mi, )
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PHASE 11 TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: II A 4

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 1-30-73

Specimen Description 3, CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: A), : .
Configuration: Fig. 2 Sleeve thick"" 0___

t: Width: 1.50" Sleeve \ -' 00

Hole spacing: 1.50" C/ a 300-CM- -0-N

Edge margin: ,d7rM" I Opor,:
Material: L drel Mjor Do.

Material gauge: 0,375" o '• .rication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot Peen
Fastener: None I

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/" Net stress: 35 kld

Process: Drill & Ream r50 Ibs
Load ratio: 0R . 1
Test Frequency: 5&00/mInute

_ _ _ _ _ _ _Test Laboratory: tnterloal$
T2024 lest Engineer: . D. Rees

Reamed Open Test Machine: Vibrophore (36 Kip)
• . ~35 k s I

'r'D

H ale Hlometer Fini s
.~(inches) (RHR) /• .••

(inces) RHR)origin of Failure

-a - - 3c - , ond

• -- .76o -.- lO

1 - - .3760 ,- - 50 _ - - - --

S.. .. ... . . 3. .. .. .. .. - ,- 30.. ÷ . , -F .. . 10

322
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER- II A 4 (o)

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 3-9-73

I. Specimen Description 3. CW Process -

Zero load transfer, 2 hole, no CSK Sleeve type? - _______

Conflguration: Fig. 2 Sleeve thickn" _.,

Width: 1.50' Sleeve or _ _ _

Hole spacing: 1.50" CW IV 2
Edge margin: 0.75" ' .oper:
Material: 2024 T8,51 .,el Major Dia.:
Material gauge:. 0.250" .oation: .
Surface Treatment: Shot Peon
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/1" Net stress: 35 ksi

Process: Room Test load: 10,000 Ibs

Load ratio: (R) 0-. 1
Test Frequency: 5000/minute
Test Laboratory: Materalas"204 ?p Test Engineer: D. Reese

Reme OpTest Machine- Vibrophore (36 Kip)

Hole Fastener

Diameter Diameter Net Fit Hole Finish
CN (Inches) (Inches) Between (RHR) -2 Origin of Failure

SFastener After and
Z After and Ream o Ran Reaom Remarks
" Ream Hole

E >

_1AI 1 .3732 25 27

2 .3732 -

-12A 1 .3733 25 28

2 .3733

2'
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: 11 A 5

NOMINAL EXPANSION VALUE: ;

GENERAL TEST CONDITIONS DATE: 1-30-73

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial (C'-

Configuration: F,.2 Sleeve th i ck Ien,"
Width: 1.50" Sleeve orier' \A, " 0-

Hoie spacing: 1.50" Cw Mo- 0 --CBM- -0-N
Edge margin: 0.75" CW b ____er: __-

Material: 2024 T 851 - Major Di a.:
Material gouge: 0,375" Ion: Fel Pro 300-(o'n Jeeve)
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 40 ksi

Process: Drill & Ream Test load: 11,500 Ibs.
Load ratio: (R) - 0. 1
Test Frequency: 5000/minute

204Test Laboratory: -ftralTslr

Reamed Open Test Engineer: D. Reese
40 ksi Test Machine: Vibroohore (36 Kip)

Hole Diameter Hole Finish .2 A

(inches) (RHR) ~ - rgno alr

1 Z _ - 1 50ig. of Fa-- -i luren

2' _u Remarks
E E

Sr 0 E U

1 3760 - - 50 - - m
-12 -- 14

2 - 3760 - -10

X 17.376077100
-13 2 - .3765 - 80 - 15

f. - tit

.. ... _ .... .. ..

S[.225
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

I EST NUMBER: I IJ A 6 _

NOMINAL EXPANSION VALUE: 0.01g5-0-020

GENERAL TEST CONDITIONS DAT•JI_

1. Spec;men Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Confor..at on: F,. 2 Sleeve thickness: . . .. :

Wldth: 1.50" Sleeve orientat;on: 00
Hole spacing. 1,50" CW Mandrel: ST 5300-C BM- 12 -0-N
Edge margn" 0M75" CW Mandrel Taper: 0.045'/"
Material: 2024 T 851 CW Mandrel Major Dio. : 0.354"
Moternal gauqe: 0250" Lubrication: Fel Pro_300-!TI•veu
Surface Treatment: 0,50 elPo iLo F~~

Fa•tener: None

2 Holt Preparation 4. Fatigue Conditions

Nominal hole size: 3 8" Net stress: 25 kil
Process: Drill, ream, CW & ream Test load: 7 000 lbis.

-' Load ratio: R 0.1
Test Frequency: 5000/minute
Test Laboratory: /00tericih

2024 Test Engineer: D. Reese2C5 Open Test Machine: VlbrophorE (36 Kip)

Cof , Hole Diameter Hole Finish o "
(in he)R)-• Origin of Failure

"Z16 6- :3 Z and

. - 3: Es c/:, 3.
16 f "55 A36 '33 35 • 0 0• 013 6

S3555 .3665 .3735 - 2 .0185 ,.0110

- .3555 .3670 .3730 41 0 1. *0188 1.0113 2700 Failure

-22 )12 ) 00 No Fltr

j2 :555; ,36,70,0_8o5 1 -... L 8_o .01. 51 _ .

I hikcr ut Minirb,,,m (midpoint)
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: I I A 7

NOMINAL EXPANSION VALUE: 0.0185-0.020

GLNERAL TEST CONDITIONS DATE: 2-9-73

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Confi;grotion: Fig 2 Sleeve th;ckness: 0 "
Width: 1.50" Sleeve or'entat'on: 00
Hole spacing: 1,50" CW Mandrel: ST 5300-CBM - 1 -- N
Edge margin- 0.75" CW Mandrel Toper: 0,045"/$
Material: 2024 T 851 CW Mandrel Mojar D;o. :
Material gouge: 0_2501 Lubrication: Fel Pro 300 (on sleeve)
SurFace Treotment - Shot Peen
Fastener: None

2 Hole Preparation 4. Fatigue Conditions

Nominal hole size: Net stress: 35 kil

Process: Drill, ream, CW & ream lest load: Ibs.
Load ratio: (R) r 0. 1

2024 lest Frequency: 5000/mlute
ciw Open Test Laboratory: Materials

Test Engineer: D. Reese
. 35 ksi Test Machine: Vlbrophore (36 KIp•

N C

Hole Diameter Hole Finish .2 C
S(inches) (RHR)

U Origin of Failure

E Z: _.2 -a -Cc~ 3

A U V
z.2u L ..E_•

.3555 .3665 .3735 40 20 30 .0185 .0110
-17 96 C/W/

2 .3555 .3665 .3735 .0185 -0110

- _t.35•• 3665 .3735 35 15 30 .0185 o01101

-18 114 C-2 .3555 .3665 .3735 .0185 .0110

.1 1 il .1 ... i_ __ __

S II l,,,, -- ,'.¾"7

227
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

f .ST NUMBER: II A 8

NOMINAL EXPANSION VALUE: 0.0181-0.020

GENERAL TEST CONDITIONS DATE: 2-9-73

Spe.imen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
ConfIgurataon Fty 2 Sleeve thickness: 0.010"
Width: 1 .50" Sleeve orientation: 00

Hole spacing: 1 .50" CW Mandrel ST 5300-CBv- 12 -0-N
Edge margin: 0.75' CW Mandrel Taper: 0.045"/" -

Material: 2024T 851 CW Mandrel Major Dia. : 0.354"
Material gauge: 0-250" Lubrication: Fel Pro 300-(o-n--se-eve)
S. rface Treoament: Shot Peon
Faqtenet: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3A., Net stress:
Process. Drill, ream, CW & ream Test load:

Load ratio: (R)
Test Frequency: 500/mInitm

2024 Test Laboratory: Matariai,
C/W Olen Test Engineer: D. RACI.

40 ks: Test Machine: Vlbrophore 6 KW.)

Hole Diameter Hole Finish .

(inches) (RH R) -o alr
< , Origin ofailure

z 35 36 33 - - -085.01

1 .3555 *3665 .3735 40 20 30 .0185 .01105L .•

Token at Minamnm (midpoint)
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PHASE It TASK~ 2 -BASIC OPEN HOLE VALUES

TEST NUMBER: IA9(77

NO'CMINAIL EXPANSION VALUE.,_

GENER~AL TEST CONDITIONS DATE, 4.5.7

I Specimnef Decription 3, CW Prjce~s xl

Zero load transfer, 2 hole, no CSK Steeve type! Aat

Configuration; Fig. 2 sle'eve tic0ne0

W dth : 1 50' " sl e v or e -0 -N
Hole spacing: 1, 50 " _____

Edge margin: 
CyW e ____

MjrDia.____
moterlal 7175 T 736 _Ion: Fel Pro 300 (o-n sleeve)

Material goruge: 0-.250-
Surfoce Treatment, ShotPon
Fostenel! Nonae

2 Hole Preparation 4. Fatigue Conditions

Nominal hole size: ý3'8 'Net 
stress: 30 ksit_______

RearnOnI Iest I ood:
Process; ea Ony Load rati0: _______R_

Test Frequenc-y 5- 000/minute

7175 Test Laboratory: Materials

Reamed Opan Test Engineer: 0 ei

30 kit Test Machine: V brophor (6 kýp))

0Hole Diameter Hole Finish a

(inches) '6R)~ Origin of Failure

z -a and

-2 -s 
-0. o

1 A7 45 -6

- 56
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PHASE II TASK 2 - BASIC OPEN HOLE VALUES

TEST NUMBER: II A 10 (7175 T 7361

NOMINAL EXPANSION VALUE: 0,019'

GENERAL TEST CONDITIONS DATE: 4-15-73

1 Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Sr" .
Configuration: Fig. 2 Sleeve thickness:
Width: 1.50" Sleeve orientat'
Hole spacing- 1.50" CW Mandr'" ý . -BM- -0-N
Edge margin: 0. 75 CW Mo . __- __--

Material: 7175 T 736 C" \.,jor Dia. _ _

Material gauge: 0.250 .,: Fel Pro 3007o'n sleeve)
Surface Treatment: $Hot P-,n
Fastener: None

2. Hole Prepcration 4. Fatigue Conditions

Nominal hole size: 3/8 Net stress: 30 kslProcess: Ream., C/W. Ream Test load:

Load ratio: (R) -- 0.1
Test Frequency: 5D0 0/mInute

7175 Test Laborotory: Materials
C/W Open Test Engineer: D. Reese

30 ksi: Test Machine: Vlbrophore (36 Kip)

C0 CHole Diameter Hole Finish .0 .(inches) (RHR)

'f~~J (ice)UJ-~ Origin of Failure
Z -- - 2- and

hJ~~ ~ 3! U (4 U-.-

1 .3540 .3670 .3731 35 15 40 .0190 .0130 -
-4 -~1----510 ýC/

2 .3540 .3670 .373' - - - .0190 .0130

1 35.4 .3670 373! 35 15 35 .0190 .0130 618
-542 3670 .373! - - - .?0 .0130 C/W

40 .3665 3 4 40 ,010 0

"30b" . !,#±f4iiii 
692-c/W
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PHASE II TASK 3 BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 1

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2-6-73

1. Specimen Description 3. CW Process -

Zero load transfer, 2 hole, no CSK Sleeve type: -- '"
Configuration: F g 2 Sleeve thickne,- _SI . 50" Sev r, ':

Width: Sleeve on_ _ _

Hole spocing: 1.50" CWMe, (" I
Edge margin: 0.75" CW _,____er___

Material: 2024 T851 
f Major Die . .r.

Material gauge: 0.250 Peen_______rion:_
Surface Treatment:_Shot Peen r,
Fastener: HiLok (Prot HD)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/W" Net stres: 30 kilPrcs: Ream, Install Fastener Tet oa0 S0 !Ibs
Fastener Installotion Torque: 220-240 In/lbs Load ratio: (R) 0.1

Test Frequency:- 50Z -rm In eTest Laboratory:__ Materials

Reamed ) Test Engineer: D. Reese

KTest Machine-- Vibrophore (36 kip)

Hole Fastener
Diameter Diameter Net Fit Hole Finish V"
(Inches) (Inches) Between (RHR) - Origin of

(In s Fastener After and
After and Ream 2 0 Remarks

c ~~Ream Hl

-1I 1 -3735 .3737 +.0002 6645 " | :.
696

2 .3735 .3735 NET 25 ,

1 .3735 .3735 NET 565
-2 565____

2 .3735 .3735 NET 30

.3735 .3735 NET 30 12tp| i

3 127

.3740 .3735 -. 0005 25

-jII
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PHASE II TASK 3 BASIC FILLED HOLE VALUES

TEST NUMBER: 3A la
NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2-6-73

1. Specimen DescrIption 3. CW Process -1
Zero load transfer, 2 hole, no CSK Sleeve type:

Configuration: F� 2 Sleeve thicir' -__________

Width: 1 .50' Sleeve ' _______________

Hole spacing: 1 .50" Cw V ________________

__________________ 
taper?

E�e margin: 0.75" _____________

Material: 2024 T851 ______

�jS..drei Malor Dia.:_____

Surface Treatment: Shot Peen 
I

Material gauge: O.250' -

Fastener: Hilok (Prot HD) - I

LI 2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3L'�" Net Stress: _________________________

Process: Ream, Irutall Fastener Test load: 8500 ILi

F�tener Installation Torque - 220/240 in/lbs Load ratio7  Y��o.i
Test Frequency: 5000/minute

2024 Test Laboratory: Materials

Rewiod Hiloic TestEngineer: D. Reese

301c51 Test Machine: Vibrophore (36Kip)

Hole Fastener1
o Diameter Diameter Net Fit Hole Finish �

(Inches) (Inches) Between (RHR) .2 -.. Origin of Failure
Fastener After 0 and

� After and Re�ii Remarks

.2 Ream Hole
� 0z
B

1 3735 .3735 NET 45 237 �H eo

2 .3735 .3735 NET

1 .3 740 .3740 NET 40
-11 205

2 .3745 .3740 -0005 -

1 _

- 2
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PHASE I TASK 3 BASIC FILLED HOLE. VALUES

t TEST NUMBER: 3A 2

NOMINAL EXPANSION VALUE. -

GENERAL TEST CONDITIONS DATE:. 2-6-73

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: ______--

Configuration: Fig 2 Sleeve thicknes,. _

Width- 1.50 Sleeve orlS....
Hole spacing: 1.50" CW M ____

Edge margin: 0.75" ,,er:
Material- 2024 T 851 vl Major Dia.: _

Material gauge: 0.250" - \b .. ootione ____la..

Surface Treatment- Shot Peen
Fastener: Hiok (Prot HD)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stres: 25ksi
Process: Ream, Install Fastener Test load: 7000 lbs
Fastener Installation Torque: 220-240 in/lbs Load ratio: (R) 0 I1

Test Frequency: 5000/minute
2024 Test Laboratory: Materials

Rc.amad Hilck Test Engineers D. Reese
25ksW Test Machine: Vibrophore (36Kip)

- Hole Fastener

C1 Diameter Diameter Net Fit Hole Finish
(Inches) (Inches) Between (RHR) 2 Origin of Failure

Fstener After O
* ~After and Rea 2 earns

z . Ream Hole

c zI U

1-4 .3740 -3735 -. 0005 25 404

2 .3745 .3735 -. 001 20

1 .3745 3735 - .001 15 6 4

2 .3745 .3735 -. 001 !5

2
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PHASE II TASK 3 BASIC FILLED HOLE VALUCJS

TEST NUMBER: 3A 3

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2--6-73 -_

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type:

Configuration: Fig. 2 Sleeve thickner

Width: 1 .50, Sleeve or'__ _ ___ _

Hole spacing: 1.50' CW _______

Edge margin: 0.75" .aper: _

Material: 2024 T851 eMajor Dia.
Material gouge: 0.250 - .rication: "__._relMajorDa.___

Surface Treatment: -ho Feen
Fastener: Hilok (Prot HD)

2. Hole Preparation 4. :atigue Conditions

Nominal hole size: 3/8' Net stress: 35 ks;

Process: Ream, Install Fastener Test load: 9950 lbs
Fastener Installation Torque: 220-240 in/lbs Load ratio: (R) J0.

Test Frequency: 5000/minute

2024 Test LooratIy: Materials

Reamed Hilok Test Engineer, D. Reese

35ksl Test Machine: Vibrophore (36Kip)

Hole Fatener

Co Diameter Diameter Net Fit Hole Finish
S(Inches) (Inches) Between (RHR) Oi oFair

' Fastener After o an

Z After and Ream Remarks

"0 Hole

C U

1 .3740 .3740 NET 20

-6 82

2 .3745 .3740 NET 20

1 .3745 .3735 -.001 20 L__ Li_
-7 -

79
2 .3740 .3735 - .0005 20 burnishing under head
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S4 PHASE 11 TASK 3 BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 4

"NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2-6-73

1. Specimen Description 3. CW Process -__

Zero load transfer, 2 hole, no CSK Sleeve type: "
Configuration: F- 2 Sleeve thickne.-
Width: 1 . 50" Sleeve 0rt- _ ___

Hole spacing: 1 .50" Cw • ______"__

Edge margin: 0.75" ..per:
Material: 2024 T851 .,el Major Dia.:
Material gauge: 0.250- -cation: __

Surface Treatment: Shct Peen

Fastener: Hilok (Prot HDT-

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 40 ksi

Process: Reom, Install Fastener Test load: 11,400 lbs
Fastener Installation Torque: 220-240 in/Abs Load rario: (R) 0.1

"Test Frequency:/mite
2024 Test Laboratory* Materials

Reamed HIok Test Engineer: D. Reese40 ks0 Test Machine: V 'p e p

Hole Fastener

SDiameter Diameter Net Fit Hole Finish V
C1 (Inches) (Inches) Between (RHR) . •, Origin of Failure

Fastener Af ter L n
01 Z After and Ream o - Remarks

z ~ Ream Hole
c -c

CU
E, _
U

-8 1 .3740 .3735 -. 0005 60 52

2 .3740 .3735 -. 0005 70

1 .3745 .3736 -. 0J.9 20 9

2 .3745 .3735 -. 001 20 burnishing fretting

___ _ _ndm- head Xwndho

EEDh
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PHASE II TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 5 (2024) --.

NOMINAL EXPANSION VALUE: 0.018" - 0.020"

GENERAL TEST CONDITIONS DATE: 2-8-73

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fg. 2 Sleeve thickness: 0.010"

Width: 1.50' Sleeve orientation:___0" __

Hohl spacing: 1.50" CW Mandrel: ST 5300-CBM-12 -O-N

Edg, margin: 0.75" CW Mandrel Taper: 0.,045 "/"

Material: 2024 T851 CW Mandrel Major Die.: 0.3738"

Material gauge: 0.250" Lubrication: Vef Pro 300 (on sleeve)

Surface Treatment: Shot Peen

Fastener: Hilok (Prot HD)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/t" Net stress: 30 ksi
Process: C W, Ream, Install Fastener Test load: 8,500 lbs
Fastener Imtallation Torque: 220-240 in/lbs Load ratio: ___R 0.1

Test Frequency: 5000minute

2024 Test Laboratory: Materials
Test Engineer: D. Reese

3Osi Test Machine: Vibrophore (36Kip)

o- Hole Fastener

o-. Diameter Diameter Nei Fit Hole Finish w

(Inches) (Inches) Between (RHR) .2 Origin of FailureS0 Fastener After 0 andSZ After and Ream ° a Remarks

a Hole "

-12 1 .3730 .3737 .0007 2059

2 .3730 .3737 .0007 20 nuoside

1 .3730 .3735 .0005 25 950 [ I
-13

r2 .3730 .3737 .0007 30 nutside

-14 1 .3730 .3736 .0006 20 608 !I,

-- 1

2 .3730 .3737 .0007 25 591
230rtting undernut
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PHASE II TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER: 3A5 (7175)

NOMINAL EXPANSION VALUE:

GENERAL TEST CONDITIONS DATE: 4-6-73

I. Specimen Description 3. CW Process None Used

Zero load transfer, 2 hole, no CSK Sleeve type: _ S _

Configuration: Fig2 Sleeve thickness- _

Width: 1.0' Sleeve orle- _,

Hole spacing: 1.50" CWM' \_

Edge margin: 0.75" Cv' e er_

Material- 7175T 736 Mor Dia.:

Material gauge: _0.250" r Mo P ion:

Surface Treatment: Shot Peen - i
Fastener: Hilok (Prot Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress- 30 ksi
Process: Ream, Install Fastener Test load: _,____Ibs

Fastener Installation Torque: 2253_-50n-/lbs Load ratio: (R) =0. I

Test Frequency:. 5000/mnute

6 7175 Test Laboratory- Materials

Reamed Hilok Test Engineer: D. Reese

30 j- Test Machine:- Vibrophore (3 6 Kip7

[- Hole Fastener

[ Diameter Diameter Net Fit Hole Finish

S(Inches) (Inches) Between (RHR) 2. Origin of Failure

LI*Fastener After 0 and
SAfter and Ream Remarks

Z - Ream Hole

_______ head

2 -

1 .3735 .3735 0 35 ,0 h-I ~359

2 .3735 .3735 0 -

1 .3735 .3735 0 35 253_r
-2 - 1I,007

2 .3735 .3735 0 -

-3 1 .3735 .3735 0 4025

2 .3735 .3735 0
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PHASE II TASK 3- BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 6 (2024)

NOMINAL EXPANSION VALUE- 0.018" -0.020.

GENERAL TEST CONDITIONS DATE: 2-8-73

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig 2 Sleeve thickness:- 0.010_ _ _

W idth- .50" Sleeve orientation: ,_ _

Hole spacing: 1.50" CW Mandrel: ST 5300-CBM-12 -0-N

Edge margin: 0.75" CW Mandrel Toper: 0.045"/" -
Material- 2024 T851 CW Mandrel Mqjor Dia.: 0.3738"

Material gouge: 0.250" Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot Peen
Fastener: Hilok (Prot Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal hcde size: 3/8" Net stress- 25 ksl

Process: 'a! /W, Ream", nstallFostener Test load: . _7,000 Ibs

Fastener Installation Torque: 220-240 in/lbs Load ratio: (R) =0. 1

Test Frequency: •5000/minute
S2024 Test Laboratory: Materials

C/W Hilok Test Engineer: D. Reese
5 ksi Test Machine: Vibrophore (36 Kp)

Hole Fastener

0 Diameter Diameter Net Fit Hole Finish ou
(Inches) (Inches) Between (RHR) 2 -• Origin of Failure

SFastener After and
• Z After and Ream o Remarks

a Ream H-8 Hole
C X
E >

-15 .3730 .3736 .0006 25 7,779

2 .3730 .3735 .0005 30 No Failure

1 .3730 .3738 .0008 251-16 8,323

2 .3730 .3738 .0008 25

2
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PHASE II TASK 3 -BASIC FILLED HOLE VALUES

TEST NUMBER- 3A 6 (7175)

NOMINAL EXPANSION VALUE- .019'

GENEI-AL TEST CONDITIONS DATE- 4-6-73

1. S,.u:cimen Desription 3. CW Process

Zero lood transfer, 2 hole, no CSK Sleeve type: - Axial Split

Configuration: Fig 2 Sleeve thickness: 0.0101,

cidmt: -- I .50" Sleeve orientation : -

Hole spocing: I .50" CW Mandrel: ST 5300-CBM-12 -0-N

"Edge margin: - 0.75" CW Mandrel Toper. 0.'045"/"

Material: 7175 T 736 CW Mandrel Molar Die.: _

Material gauge:_ 0.250" Lubrication: -Fel Pro 300 (on sleeve)

Surf,.ce Treatment: Shot Peen
Fastener: Hilok (Prot Head)

2. ItlIe Preparation 4. Fatigue Conditions

No.minal hole size: 3/18" Net stress: 30 ksi

Process: C W, Ream, Install Fastener Test load: 8,450 lbs
Installation Torque - 225-250 inlos Load ratio: (R) t 0. 1

Test Frequency: 5000/mInute

= 7175 Test Lao rotory: Materials.

CW Hilok Test Engineer: D. Reese

30 ksi Test Machine: V;brophore (36 Kip)T-

o- Hole Fastener
0 Diameter Diameter Net Fit Hole Finish

(Inches) (Inches) Between (RHR) • Origin of Failure
0 Fastener After o and

SRer and Ream o Remarks2 Ream
"" Hole -

E :.
•U U

a-a

1 .3740 .3740 0 40 513

2 .3740 .3740 0 -

_ "ea
1-5 1 .3735 .3735 0 35 523

2 .3735 .3735 0 -

1 .3735 .3735 0 40 1 heac

-6 - 293

2 .3735 .3735 0
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PHASE II TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER: 3 A 7

NOMINAL EXPANSION VALUE- 0,018" - 0,020"

"GENERAL TEST CONDITIONS DATE? 2-8-73

I1 Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type AKial Split

Configuration: Fiq 2 Sleeve thickness- 0.010" ____Width: I . keeOrntt"n• _5... Sleeve orientation!_ 0

Hole spacing: 1 .50" C__'; Mandrel: ST 30-CBM-12 --0-N
Egemri- 0.75" C/ MandrelITpr ;-ýMaterial: 2024 T 851 C __'_,_dre I Major Dia.: _-_____8

Material gouge: .... 0.2 50" L ilti:colion- Fel Pro 300 Ton sleev e)

Surface Treatment: S~otPeen
Fastener: Hilo(Prot.Heac_

2. Hole Pieporation 4. ' ... - litiuis

Nominal hole size: 3,/B ' , 35 hsi
Process: C/W, Re7n-7j•'ta stnr - ...- .9- -

F astener In-stalati-o-n T-orq-ue:--220-2-,0in,.lbs (.R) ,,1 '

C/W Hilok )..• ii',. .:,e, D: Reese

35 i --:i ,.:_Vibrophore (36 Kie)

o.. Hole Fastener
0 Diameter Diametei Net Fit Hole. fiiiis:

(Inches) (Inches) Between (RtI/ 2 . Origin of Failure
a 0 Fastener After " " and

Z After and Ream 2 , Remarks
an Ream 2 'Z Ream Hole -0

-17 .3730 .3737 .0007 25 311

2 .3730 .3736 .0006 30 Nut Side

-18 1 .3730 .3738 .0008 20 387

2 .3730 .3738 .0008 25 Head Side
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PHASE I TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER: 3 A 8

NOMINAL EXPANSION 'IALUE: 0.018" - 0.020"

GENERAL TEST CONDITIONS DATEt 2-8-73

1. ,ecimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: AKiol Split

Configuration- Fg. 2 - Sleeve thickness: 0.010"
Width: _ ___ " Sleeve orientation: O°
Hole spacing. 1 - " CW Mandrel ST 5300-CBM-12 -0-N
Edge margin: 0,75" CW Mandrel Toper: 0.045"/"

Material: 2024 T 851 CW Mandrel Major Diae 0.3738"

Material gouge: 0,250" Lubrication- Fel Pro 300 (on sleeve)

Surface Treatment: Shot Peen

Fastener: Hilok (Prot Head)_,

2. hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 40 ksi

Process: C.;W, Ream, Install Fastener Test load: 11,350 lbs
Fastener Installation Torque: 220-240 In,lbs Load ratio: (R) 0.1

Test Frequency- __ .

2024 Test Loboratvry. '
" C,"W Hiok Test Engineer:. D. Reese

40 ksi Test Machine: l! rophorO (36 Kip)

Hole Fastener
Diameter Diameter Net Fit Hole Finish

(inches) (Inches) Between (RHR) -z Origin of Failure
aFastener Af ter Cand

A and Ream . Remarks
Zo'. ~ ReamHae__

1 .3730 .3735 -0005 25
-19 - _____ 161

2 .3730 .3735 .0005 20 Head Side

-20 .3730 .3736 .0006 25 149

2 .3730 .3735 .0005 30 Nut Side
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PHASE II TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER- 3 A -9 a

NOMINAL EXPANSION VALUE -

GENERAL TEST CONDITIONS DATE? 2-13-73

1. Soecimen Description 3. CW Process .

Zero load transfer, 2 hole, no CSK Sleeve type: -

Configuration: F 2 Sleeve thickn, -_ _

Width- 1.50' Sleeve n-' V _.

Hole spacing-? I.50' cw .______
Edge margin- O.75" oaper:- -

Material: 2024 T851 o,, rel Major Di.__
Material gouge: 0.250" .,rication: _ _-_

Surface Treatment: Shot Peen

Fastener: Taperlok (Prot Head)

2. Hole Preparation 4. Fatigue ConditiorA

Nominal hole size: 3,,'8" _._.... Net stress: 30 ksi
Process.: Ream, Install Fastener Test load: 8,400 lbs

Fastener Installation Torque: 220-240 in/'lb5 Load ratio- (R') 0.l -1

Test Frequency- 5000/minute
2024 Tesa Laboratory: Materials

Pros. =e a T,. Test Engineer: D. Reese

C30 k ,so T Test Machine: Viborophore (36 Kip_)

Head Fastener
frotrus;on Diameter Net Fit Hole Finish a

(Inches) (Inches) Between (RHR) 2 Origin of Failure
Fastener After 0 and

land Rem Remarks

l.232 -

-23 
36 94

2 .22 -- Nut Side

1 .229 35sL !

-24 . 6.086

2 _ 2 230 - Head Sidc-

231~3 ? 0 .2
-23 .. 2,6H2

23 Hea iS ii= tii: / ideiI :ii-



PHASE II TASK 3- BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 9b

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 3-6-73

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: V -

Configuration: Fig 2 Sleeve thicknes," -

Width: 1 50" Sleeve orle- \
Hole spacing: 1.50" CW MV _ _____

Edge margin: . '5" C ' o,. er:

Material: 2024 T851 . ., Major Da."
Material gauge: 'C 250" \ . rion:

SurFace Treatment: " hot Peen

Fastener: Toperlok (Prot Head"

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3 'B" Net stress. 30 ksi

Process: Ream, Install Fastener Test load: - 9,450 lbs
Fastener IruollolIon Torque: 220-24C,;n lbs Load ratio: (R) = 0.1

Test Frequency: SO00iminute

(2024 Test Laboratory: Materials
Pro. Head T',L lest Engineer: D. Reese

9 3L k'i Test Machine: Vibrophore (36 Kip)

Head Fastener

Prorrusn-n Diameter Net Fit "
(Inches) (inches) Between -. Origin of Failure

Fastener - - . c and
After ond .a

Sand Remarks
Z o Ream Hole "

1 .224 55 225 1,236 1
-35 - - 1,236 •

2 .237 - 225

i2 _ __I_ __



PHASE II TASK 3 - BASIC rILLED HOLE VALUES

TEST NUMBER: 3A-10

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2-13-73

1. Specimen Description 3. CW Process

- Zero load transfer, 2 hole, no CSK Sleeve type -
Configuration: Fg 2 Sleeve thickness:
Width: I .50" Sleeve orlen' ___' _"-

Hole spacing: 1 .50" CW M, _____-

Edge margin: 0. 75" ___ __ _ _-

Material: 2024 T 851 .,MajorDIe.:
Material gouge: 0.250" - _ ..orlon:

Surface Treatment: Shot Peen
Fastener: Taperlok (Prot. Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 25 ksl
Process: Ream, Install Fastener Test load: 7,000 lbs
Fast ;ner Installation Torque: 220-240 in/lbs Load ratio- (R) 0. 1

Test Frequency: 5000/Minute
2024Test Laboratory- Materials

Prot. Head TiL Test Engineer: D. Reese
25 ksi Test Machine-. Vibrop2o. (36 Kip)

Head Fmtorer
Protrusion Diameter Net Fit Hole Finish

(Inches) (Inches) Between (RHR) -2 Origin of Failure
Z Fastener After oand
Z After and Ream 2 Remarks0 Ream

Z01 a Hole

1 .230 30
-26 10,075

2 ,231 -FaiIure

- .225 30 1,594
-27 " "______

2 .231 -

1 .241 - 45
-22 

10,164
2 240' N F ;I
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PHASE II TASK 3- BASICFILLED HOLE VALUES

" -TEST NUMBER- 3A -11

NOMINAL EXPANSION VALUE:

"GENERAL TEST CONDITIONS DATE: 2-13-73

1. Specimen Description 3. CW Process A

Zero load transfer, 2 hole, no CSK Sleeve type: . ,
Configuration, Fig. 2 Sleeve thici
Width: 1.50" Sleeve '* _ _ _ -
Hole spacing: 1.50" CW • --
Edge margin: 0. 75-" atper: -
Material: 2024 T 851 Q dre Major Dio.:____
Material gouge- 0.250" " .,iication: _ ___

Surface Treatment: Shot Peen

Fastener: Taperlok (Prot. Head)

2. Hole Preparotion 4. Fatigue Conditions

Nominal hole size: 3Z/8 Net stress- 35 ksi
Process: Ream, Install Fastener Test load: 9,800 lbs
Fastener Installation Torque: 220-240 in/ibs Load ratio:• (R) ' 0. 1

Test Frequency: 5000,/minute -
=2024 Test Laboratory: Materials --

Prt edT/'L Test Engineer: D. ReeseHrat Hea Test Machine! V;.brophore (36 Ki) -

Head Fastener
Protrusion Diameter Net Fit Hole Finlsh e

"(Inches) (Inches) Between (RHR) 23 Origin of Failure"Fastener After fC and
After and Ream 0 A Remarks

2 ± R e ,m o l -.-

ii .230 25

r2 .231 HeodsiI- Failue

1 232 '3 369tEI E i
-29 -• 2

2 .2310- I Headside Failure2- 
-- -'
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PHASE 11 TASK 3 -BASIC FILLED HOLE VALUES

TEST NUMBER: 3A-12

NOMINAL EXPANSION VALUE:

GENERAL TEST CONDITIONS DATE: 2-13-73

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type:

Configuration: Fig 2 Sleeve thick- \
Width: -I1 .50' Sleeve " V _

Hole spacing: 1 .50" C'W "._ _

Edge margin: 0. 75" per:

Material- 2024 T 851 - \ rel Major Dia.: _ _

Material gouge: 0.250" e- .cation:SSurface Tre pm~en.. Shot Peen

Fastener: - Taperlok "Prot. Head)

2. Hole ;eIprotion 4. Fati;ue Conditions

Nominal hole size: 3,i' Net stress: 40 ksi
Process: Rýeo2 _•Ietall Fastener Test load: 11, 250 lbs
Fas•ener Installation Torque: 220-240 in/lbs Load ratio: (R) -- 0. 1

Test Frequency:. 500/minute

2024 Test laboratory: Materials
Prot. Head T Test ýngineer:__0. Reese

K.............40 ksi JTest Machine: Vibrophore (36 Kip)

Head Fastener
CD Protrusion Diameter Net Fit Hole Finish ,

(inches) (Inches) Between ýRHR) 2 - Origin of Failure
9r Fastener After w C and

A fter and Ream 0 - Remorks

Z0 . Rrvmn- ~ o
0 Hole 4

1 -.234 - 25I

2_ 233 -Headside Failure

.232 -30

Spec. Overloaded

2 230 -

No Data

1 .234 50
-36 [+ 156

S.234 Heodside Failure
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PHASE II TASK 3 -BASIC FILLED HOLE VALUES

TEST NUMBER- 3A 13

NOMINAL EXPANSION VALUE: -

GENERAL TEST CONDITIONS DATE: 2-13-73

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type.- j_ _
Configuration: Fig. 2 Sleeve thic_ _

Width: 1.50" Sleeve " __

Hole spacing: 1 .50" CW • '
Edge margin: 0.75" .. Toper:
Material: 2024T 851 ,drel Major Dia.:p Material gauge:. 0.250" , .,ricotlon:
SurFace Treatment: 

Shot Peen

Fastener: Taperlok (1000 Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 30 ksi
t Process: Ream, Install Fastener Test load: 8,475 lbs

Fastener Installation Torque: 225-240 in/lbs Load ratio: (R) = 0. 1
Test Frequency: 5000/minute

2024 Test Laboratory: Materials
1000 Head TiL Test Engineer:.D. Reese

3 30 ksi Test Machine: Vibrophore (36 Kip)

Head Fastener
SProtrusior. Diameter Net FIt Hole Finish(Inches) (Inches) Between (RHR) . Origin of Failure

W 0 After Fastener After 0 and
0 Aa ond Ream 2 Remarks
z " Ream Hole

z-3 14-

E 2

1 .201 - 30
-32 - ___________ _____ ______ 147

2 .190 -

1 .20) 30
-33 264

21 206 - z -. _ _ _

1 .204 -30
-34 ... - .196 *
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PHASE II TASK 3 - BASIC FILLED HOLE VALUES

TEST NUMBER: 3A 14

NOMINAL EXPANSION VALUE! -

GENERAL TEST CONDITIONS DATE: 3-9-73

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: - _,___

Configuration: F~g 2 Sleeve thicl- _ _

Width: 1 .50" Sleeve o-'
Hole spacing: 1.50" CW t' _ _ _

Edge margin: 0. 75" ' loper:
Material- 2024 T 851 \ arel Major Dia.:___

Material gauge: 0.250" .ation:
Surface Treatment: Shot Peen -

Fastener: Taperlok (Flush Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 25 ksi

Process: Ream, Install Fastener Test load: 7000 Ibs

Load ratio: (R) = 0. 1

2024 Test Frequency: 5000/minute
102HedT4 . Test Laboratory : Materials
1000 Head Ti Test Engineer: D. Reese

Test Machine: Vibrophore (36 Kip)

Head Fastener
o Protrusion Diameter Net Fit Hole Finish V
C1 (Inches) (Inches) Between (RHR) Origin of Failure

0O Fastener After and
"Z After and Ream . Remarks

Z . .0 Ream Hole
c 0 

-

21 1 .204 4561-21 -612

2 .205 _

1 .206 40 661
-23 - -661

2 .207

2

2 7X
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PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 1

NOMINAL EXPANSION VALUE: .019'

CiENERAL TEST CONDifIONS DATE: 3-27-73

I Specimen Descripton 3- CW Process

Zero load transfer, 2 hole, no CSK Sleeve type- Axial Spl;i
Configvrotion: Fig 2 Sleeve thickness: 0.010"
Widtl- 1.50 Sleeve orientaton: 9_00
Hole spacing: 150 CW Mandrel: SI 5300-C BM- 12 -2
Edge margin: CW Mandrel Traper: __0o.0645'-7 -
Material: 2024 T 851 CW Mandrel Major Dia.: .3730"
Material gauge: 0.250" Lubricaton: Fel Pro 300 6on-.l•eeve'
Surface Treatment: Shot Peen
Fastener- None

A
2. Hole Preparation 4. Fatigue Conditions

No0 n:n! hole size: Net stress: 30 ksi
Process ream, CW & ream Test load 8_5-0 -

Load ,atio: iRR 0. 1
Test Frequency- . _ 5000!minute_

90' S!e,-ve Test Laboratory: . _teill

Open Hol Test Engineer: D
Test Machine: ___V__.__'brphqre (36 KIP)

CID Hole Diameter Hole Finish .

(h a T Origin of Failure

o Z z and

Z ., E u v " Remarks
L• U <z , -

r Er ~ ,
!L4X 0 ' EZ t" -0= is .2

,< .- <- - ,- , <

1 .3540 .3665 .3735 60 30 40 .0190 .0125 A
-21 2 .3545 .3665 .3735 60 30 - .0185 .0120 382 Sleeve Split

-22 . .3545 .3665 .3735 50 20 45 .0185 .0120
-22 2- - -424 C/wN

.3545 .3670 .3735 .0125 Sleeve Split

1 .3540 3665 .3735 160 30 35 .0190 .0125 J I
-23 I 335 "-1 C/I

i 2 .3540 .3665 .3735 55 20 - .0190 .0125 Sleeve Split

•> Taken at Minimum (midpoint)
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PHASE Ii TASK 4 - APPLICATION AND PROCESS PARAMETERS .

TEST NUMBER: 4 A 2

NOMINAL EXPANSION VALUE:

GENERAL TEST CONDITIONS DATE: 4-17=73

Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: Fig. 2 Sleeve thickness: 0.010"
Width: 1.50" Sleeve orientation: 00 A
Hole spacing: 1.50" CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0,75" CW Mandrel Toper: _45"
Material: 2024 T 851 CW Mandrel Major Dia.:
Material gouge: 0.250" Lubrication: Fef Pro 300 (on sleeve)
Surface Treatment: Shot Peon
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3j" Net stress: 30 kWl
Process:* Drill ý-- & ream Test load: .- A-590 16,.

*D,il1 with Precision Drill Load ratio: 7-RY - 0. 1
Test Frequency: 5000/minute
Test Laboratory: Materials

•oldworked Good Drilled Hol Test Engineer: D. Reese
SOpen Test Machine: Vlbrophore (36 KIP)

oil CSHole Diameter Hole Finish .2S(inches) (RH R)
(ices "H)Origin of Failure

__ o_ URe[maLks

Z , . .30 4 20 0 01 .0r •a L.
Z -5 a3665 .3730 and

a A V ~ 4, V E . Remo&$e
4-, <- I'4

1 .3545 .3665 .3730 45 20 30 .0185 .0120
-6 261 C/W

2 .3545 .3665 .3730 - - .0185 .0120

1 .3545 .3665 .3730 45 25 .0185 .0120 491

2 .355.3665 .3730 - .0185 .0120

1 365 3730 j0. 25 . 0}l85 01o201 226
S545 .3665 3730 - - - 085 .0120 C/.W
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PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER! 4 A 3

NOMINAL EXPANSION VALUE: 0.01851,

GENERAL TEST CONDITIONS DATE: 4-19-73

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split

Configuration: F,g. 2 Sleeve thickness: 0.010"

Width: 1 .50" Sleeve orientation: 00

Hole spacing: 1.50" CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75" CW Mandrel Taper: 0.045'Y"
Material 2024 T 851 CW Mandrel Major Dia. :
Material gouge: 0,250" Lubrication: Fel Pro 300 (on sleeve)

Surface Treatment: Shot Peon
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

* Nominal hole size: 3L611 Net stress: 30 kl _

Process:*Drill , CW & ream Test load: 8.550 16s.

. Abusively Drilled Load ratio: (R) ' 0, 1
Test Frequency; 5000/minuto
Test Laboratory: MaterIls 11

Coldworked Abusively Drilled Test Engineer: D. Re.ase
SOpen Test Machine: Vibrogohore (36 KIP)

Hole Diameter Hole Finish

(inches) (RHR)
,., "" ~ Origin of Failure

. ' t -c and

- a: C - - - - - -E Remarks___

S .3545 .3670 .3730 130 45 30 .0185 .0125 1-- L

-9 110 C/w
2 .3545 .3670 .3730 - - - .0185 .0125

1 .3545 .3670 .3730 125 40 35 .0185 .0125 l4,
-10 ... -" .. .... .. . . . .. 287 C/W•

2 .3545 .3670 .3730. - - - .0185 .0125

1 .3545 .3670 .3730 145 35 30 .0185 .0125 F t.)l

-1I Hal9... C/w
2 3545 .3670 .3730 - 0185 .0125

•H1oken ut Minimm dle Bell Mouthed [>Spiral Oouga In Hole

3 1)
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PHASE 11 TASK 4 -APPLiCATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 4

NOMINAL EXPANSION VALUE: 0.019",

GENERAL TEST CONDITIONS DATE: 3-27-73

1.Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Frq.2 S!¶!ve thickness: 0.010,'
Width: 1.501. S; eve orientation: 00
Hole spacing: 1.50' CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75. CW Mandrel Toper: OA1/
Material: 2024 T 851 CW Mandrel Major Dia.: 70
Material gouge: 0,250" Lobricflion: Fel Pro 300 (on sleeve)
Surface Treatment: Shot Peen
Fastener: None

2. Hlloe Preparation 4. fatigue Conditions
Nominal ho'e size: N et stress: 30kl +
Process: reamn, CW Test load: 8 580 lbs,

Load ratio: (R) 0, 1
Test frequency: 5000/imnymte
Test Laborotory: tral

No Pote n Test Engineer: D. Reese
Ope HleTest Machine: Vibrophore (36 KIP)

- , Hole Diameter Hole Finish '12

(inhes 16A.5~ Origin of Failure

UZI .9. -- n
Z and_

0:C c V0 U08 .012

1 .3545 .3665 - 35 15 - .15 02
-24 431

2 1.3545 1.3665 - - -10185 1,0120_________

1 .3545 .3665 - 30 115 - .0185 10120
-25 1 -- -r 3

2 .3545 3665 ! .0185 10120

, 1-3540 ~.3665 -5 209 .I0125
2 1ý350 665 (Ig

3 2)



PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 1

NOMINAL EXPANSION VALUE: 0.0 19'

GENERAL TEST CONDITIONS DATE: 3-28-73

I. Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: F.g 2 Sleeve thickness: 0.010"

Width: 1 .50 " Sleeve orientation: 00

Hole spacing: 1.50" CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75" CW Mandrel Taper: 0.045"';"
Moterial: 2024 T 851 CW Mandrel Major Dia. : .3530"
Material gouge: 0.250" Lubrication: Fel Pro 300-(-onsleeve)

Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Cond,-oris

Nominal hole size: 3/8" Net stress: 30 ksi +

Process: Ream, C/W- Ream & Score * Test load: . 8,00 16b
Load ratio; (R) =-- 0.
Test Frequency: 5000/minute
Test Laboratory: Materlals

( Postscore One Hole \ Test Engineer: D. Reese
Open Test Machine: Vibrophore (36 KIP)

Black fretting products from reaming In all holes and fatigue fracture

Hole Diameter Hole Finish
.0 (inches) HR

( aH 2 Origin of Failure

Z "

-27 .03540 .3665 .3730 40 25 45 .0190 .0125 e C•
-27 ... . .. ... .. .. . .. . ... .. 300 Failure in

2J.3545 .3665 .3730 - - .0185 .0120 Unscored Hole

1 .3545 .3665 .3730 35 15 50 .0185 .0120 9•• •:
-28 Falure in

2 .354t5 .3665 .3730 - - - .0185 .0120 Un__d__

1 .3545 3665 .3730 40 20 45 .0185 .0120
-29 . .... .. -393 /W

-27 -- I - ..- I - -- 300 Failure in /

1. 2 1.354513 3730 - -6- .0185 .0120 j scor? rHo

" 2 -- luken ut .3inin (midpFuint)

321



PHASE 11 TASK 4 -APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 6

NOMINAL EXPANSION VALUE. 0.019 ____

GENERAL. TEST CONDITIONS DAT E: 3-28-73

1.Specimen Description 3 CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: F-9. 2 Sleeve thickness:00 "
Width:z 1, 50" Sleeve orientation: 00
Hole spacing: 1.*50" CW Mondrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75" Cw Mandrel Toper: ()05-,6
MaturiaI 202-4 T 851 CW Mandrel Major Dio.:
Materiol gouge: 0- 250" Lubrication: Fel Pro 300 on sIeeve)
Surface Treatment: Shot Peen
Fastener: No-ne

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: '1J ki
Process: -Ream, C1/N & Re-am-'full 1/64"-) Test load: ~4A lk. 6

Load ratio: ()20
Test Frequency: 5M0O/'lit

Full 1/64" Postream Test Laboratory: Mate .rials
Open =Hole Test Engineer: D. Reew

Test Machine: Vibrohore(3 KP)

Hole Diameter HoeFnih .

C inhes (Hol FR)s
(icIs "RSRI Origin of Failure

z -- 0- C E and
-a 2.c-Remotics

.EP U ce

2 53S5 .3665 .3 3 95 35 15 0185 12

.3545d 3665 .389 35 - 5 r01185 .0120 /

-3 .34 .. 66 .395 .010 5 1B 20 235

*3545 .36t39 4 249 C/w
2~ ý35 .3665 .3895 - I - -. 018

-3 .I35 51 3665 .305 45 1 20 30 .0185 .0120 21S362 5  . ___ -ý- -- - -I .._ 214_ ___

2__ .345.66 895 - . - 0185 .0120 _ ___

~I.~Taken at Minimum (midpoint)
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PHASE II TASK 4 -APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 7

NOMINAL EXPANSION VALUE: 0.019"

GENERAL TEST CONDI1ICNS DATE: 3-28-73

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axial Split
Configuration: Fg.2 Sleeve thickness' 0.010,'
Width n,, Sleeve orientation: 00
Hole spacing: ; j0 CW Mandrel: ST 5300-CBM- 12 -C-N
Edge margin: 0, 75" CW Mandrel Taper: 0.045Y".
Material 2024 T 851 CW Mandrel Major Dio. : 3 "
Material gouge: 0.250" Lubrication: Fel Pro 300b on seve e
Surface Treatment: Shot P
Fastener: None

2 Hole Preparation 4. Fatigue Conditions

Nominol hole size: 3/A,, Net stress: 30 ksi
Pro.ess: Ream, C/WV, Rearm /32 os Test load: 8 270 lbs.

Load ratio: ( T 0. 1
_____________Test Frequency: .L)/mlg. te1.....

1/32" Postream Test Laboratory: Materials
Open Hole Test Engineer: D. Reese

Test Machine: Vibrophore (36 KIP)

Co Hole Diameter Hole Finish .- ,1
C4(inches) (RH R) C

oU j x - •" Origin of Failure

3 ..... andC 0.. 3emoV
E E

1.3545 .3665 .4075 50 20 " 5 .0185 0120

-283
2 .3545 .3665 .4075 - - - . .0120

"1 3545 .3665 .4075 45 20 ?3 .0185 012
-34: 256 C/W

2 .3545 3665. .4075. 1 0-5 2

1 .345..3665i .475 35 15 40 .01851 -0120~
1.-35! 285 C/w

_ . 2 -35 45 . 3 66 5  4 0 75 .0'1 0185 2 _0120

TIa> lcken ut Mititmurm (widpoint)
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PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBERý 4 A 8

NOMINAL EXPANSION VALUF _ 0.019

GENERAL TEST CONDITIONS DATE: 3-28-73

I Specimen Deicription 3. CW Proc ess

Zero load tronsfe,, 2 hole, no CSK "Iv..w tyOe: Ax*_olit
Configuration : -,u 2 Yee've ibFckne%ý: __Q..g,-
W idth: I .50 " Ie4..wv, o ,,rrntat on: 00

Hoie spocring. 50" CW Mandrel: ST 5300-C BM- 12 -0-N
Edge margin: 035" CW Mondrel laper 0,.045'/"...
Materol -- 2024 (J5 - C -V Monodie Major DOo. : .3730"
Moteral gouge: 0.250" Lhr,.o,:rn fel Pro 300-o-n lee-ve)
$urocOe Treatment Shot Peen

Forene None

Hole• Preparation .1 a,- ,ut: i n ons

Nunrmnul hole scze: 378" 1/16" ' r y,, 30 ks.
Procev. Ream, C/AN, Ream- 1/16-os T,.,t I : 8_00_0 Lbs.-i.

tad ro, : R iR . I
Post.. . re m .coI•.•i .r'n,,cy. •,O0/mnv¢. -- -

1/16" Postream . ° r.:,i ' ....

Open Hole IJD. Mairne Vlbropheen (36K-P)

C)Hole Oiameter Hole Finish L '
C14 (inches) (RHR) "

X- U-.-. Origin of Failure

I. 4,3_5-I6_ .3 5 3 1 5 10 8 . 1 0__ -ridC a
0 MC- - Remo&$

S 4E

S2 ,355 .365 35- - - Chte

13 1.3545 .. 3 6 65 .4375 30 15 25 0185'2 3R500
!341-65 435-- - .0185 MI Chatter

-37 1 345 .3665 43535 .15 25 0.065 .012-- 08.5 ...... 372 Reamer CAN

-3545 1.3665 '.4375 Chatter
1 .366 A175 '30 is 30 -. 0120

2{.3545 j.3665 .4375 -- - 0185 1 Catter

Token uo Mini', .. (midpoint)
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PHASE 11 TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 A 9

NOMINAL EXPANSION VALUE: 0.019"

GENERAL TEST CONDITIONS DATE: 3-29-73

I Specimen Description 3. CW Process

Zero load transfer, 2 hole, no CSK Sleeve type: •.S•oure WIre
Configuration- Frg 2 Sleeve thickness: 0.018"
Width: 1,50" Sleeve orientation: 00

Hole spacing; 1.50" CW Mandrel: ST S300-CBM- -0-N
Edge morgin: 0.75" CW Mandrel Taper: 0,0451/"..

Material: 2024 T 851 CW Mandrel Major Dia.: .3530
Material gouge: 0.250 Lubrication: Fel Pro 300 (on sleeve)
Surface Treatment: Shot Peen

Fo.tenet: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 3 +
Process: Test load! : .400 Ios.

Load ratio: (R)Y= 0. 1
Test Frequency: 500/nMinute.

Sq. Wire Sleeve Test Labotatory: Wiaterials

Open Hole Test Engineer: Do geee
Test Machine: Vibroohore (36 KIP)

*Trouble encountered with wire sleeve

C/N one hole twice - Gouge In Test

L Section + Mark In Hole _

Hole Diameter Hole Finish .2
0 4

" (nh)(R " Origin of Failure

S2 " ' X and /

21.3690 0 ! ± .0A00 0110 i~A

1 3690 .3800 .389! 35 - 40 .0200 .0110
"12 167 C/W

2 .3690 .3800 .389! - - .0Z00 .0110

1 .3690 -3800 .389! 30 - 30 .0200, .0110

13 -- 4 -- - -5 339

2 .36901 .3800 .389! - - .0200 .0110

1 .36901 3805 389!. 35 - 401 .0200 01

14 2W5821 -3690 -38001 .3591-:2 0 .10_______
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PHASE II TASK 4 - APPLICATION AND PRCCESS PARAMETERS

TEST NUMBER 4 8 1

NONAINAI [XPAN51)N VALUE. o 0.019"1

GENERAL TEST CONDITIONS DATE; 3-27-_73

1. Specimen Descripton, Process

Zero load transfer, 2 hole, no CSK Sleeve tyPe: Axanl lt
Configurat;on: Fig 2 Sleeve thickness: 0.010"-
Width- 1.50' Sleeve orbentbtion: 0 "
Hole spacing: 1.50" CW Mandrel: ST 53O0-CRM- 12 -0-N
Edge margin: - 0,75. CW Mandrel Taper OO45'/(
Material: 2024 T851 CW Mandrel Major V : .3730"
Material gauge: 0. 060" Lubrication: Fel Pro .00on7 sleeve)
Surface Treatment: Shot Peen
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal hole site: 3/8" Net stress: 30kii
Piacess: Drill, ream, CW & ream Test load: 2,150"16.

Load ratioz (R) - 0. a1 -
Test Frequent-: SOmlnut-
Test Laboratory: Materlals

( . 060 Gage Test Engineer: D Reese
Open Hole Test Machine: "-VIbrophor~e(6 K 10

Hole Diameter Hole Finish I
(inches) (RHR) -

V 6 " Ori;in of Failureif
-0 and

U U Rem s
lb 0

.354o .3665 .3735 40 20 30 .0190 .0125

-3 
48

2 .3540 .3665 .3735 - - - .0190 .0125

1 .3540 .3665 3735 40 20 25 ,0190 .0125
-2 CW

2 .3540 .3665 .37351 - .0190 .0125

1 .3540 .3665 .37351 40 • 30 .0190 .0125 i
2 .3540 .3665 .37351 - - .0190 ,0125

> Taker, at Minimum (midpoint)
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PHASE II TASK 4 - APPLICAK IJ, /4,l • ' .. r I .

TEST NUMBER: 4C I

NOMINAt EXPANSION VAL' )F- 0.019 (One Hole)

GENERAL TEST CONDITIONS DATE 3-30-73

I Specimen Description 3 CW Proce•s

Zero load transfer, 2 hole, no CSK Sleeve type Ax;•.•. llt

Configuration: Fig 2 Sleeve thickness: _0.0101"
Width: 1 50" Sleeve orientatron: on

Hole spacing: 1 50" CW Mandrel" ST 5300.-CBM- 12 -0.N

Edge margin: 0.75 CW Mandrel Toper .- 0045"/"
Material: 2024 T851 CW Mandrel Major D57 "a .3530
Material gouge: 0.250" Lbricorion: Fel Prm 300 i:n

Surface Treatment: Shot Peen
Fastener: Prot Hdo Hi-:-

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8; Net strgw: 30 kst*

Procesi I. Ream C/W,_Re & Install Fost• ,er Test load: , . . -

2. Ream and Install Fastener Load utio. (R'• C I

Fastener Insti. Torque: 225-250 in/lbs Test Frequency _

Fastener Diameter: .3735 Test Laboratory: Materials
Test Engineer: p. .... ..( One Hole Not C/W ' Test Machine. : (3.KUp)

Filled Holes )

(inches) (RHR) V

~..-. u. • Origin of Failure

-u C ~ an* - " A '. , u .
0 a ---- an

1 .3545 .3665 .3735 40 20 25 .0185 ,0125 • ead
-57 I855 failure at non-

S2 - . - .3735 . .... coldworked hole

1 .3540 .3660 .3735 ~0 15 0 ~0190 .0120 I10 alr hog

-58 .... .- failure through

2 .3735 . coldworked hole

~ 1}540 .365 .73535 115 30 .0190 .0125 1 ~ ~ n a

2 1 - .3735_ Icodworked hale

> Taken at Minimum (midpoint)

3 -"



PHASE II TASK 4 - APPLICATICN AND PROCESS PARAMETERS

TEST NUMBER: 4 C 2

NOMINAL EXPANSION VALUE: 0.019".

GENERAL TEST CONDITIONS DATE: 3-30-73

i. Specimen Description 3. CW Process . .-

Zero foad transfer, 2 hole, no CSK Sleeve type: _ Aio Spht
Configuration Fig. 2 Sleeve thiclness: 0.010"
Widt: 1.50" Sleeve orientaton: 0o
Hole spocn 1.50" CW Mandrel: S1 S300-C'BM -2 -0-N

Edge morcln: 0.75" CW Mandrel Toper 0.O45' /"
MoteraIl 2024 T851 CW Mande Mooi•,or .: .3530
Moaterol qo.,ge: 0.250" Lubrication: FtI 1'r- 3O0U-on s.eevej

Surface T,eatment. Shot Peen
Fostner Prot.Hd. HI-Lok

(.002 Clea'ran-ce ThY-
2 Hilt P,ep,,otiori 4 Fatigue Condition%

Ntr ,.nil !.:zl,' zv,;: 3/8" Net st,ei .: 30 ksi
r,• -. ;. Rul. W, & ,con, lest lood! 8.550 lbs.

Fastener Torque: 225.2R_-inl%" Loa(] roo0 " I"
Fastener Diameter: .3735 Test Frequency -500/mInute -.

I est Lob',rutory Materials

Slest Enqineer' -D.-Reese
.002" CL. HI-Lok 1cst Mo.line Vibphore (36 Kip)

Hole C/W.

'----I
0

00Hole Diwnrttrr Hole Finish~ 0 A

i xc~ s R R O rig in of F ailu re

I "*O i

z a*

1 .3540 .33755 . 35515 30 .0190 .0125 i ea,

-42 3 -- t0190 6942

2 .3540J. 3665 .3755 - - -I.0190 .0125

1 , .3540 I .3665 .3755 30 15 25 .0190 .0125•J69
"____i --- 36 he

2 .}354°1" 366 .3755 - - - .019o .0125 ___

•> Taken atMinimum (midpoint)
CL
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PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 C 3

NOMINAL EXPANSION VALUE: 0.019"11

GENERAL TEST CONDITIONS DATE: 4-16-73

1 Specimen Description .3. CW Process

Zero load transfer, 2 hole. no CSK Sleeve type: Axil Split;
Configurotion: Fig. 2 Sleeve thicknes7T.0--r -
Width: .... '.50" _ Sleeve orientation: 00
Hole spacing: 1;0" CW Mandrel SI 53-00:CBM. 12 -0-N

Edge margin: 0.75" CW Mandrel loper--.0 4 5 •..
Material: 2024 T851 CW Mandrel Major 5i a."
Material gauge: 0.250" Lubrication: Fel Pro 300-konsTeeve)
Surface Treatment Shot Peen
Fastener: HI-Lok (.002" interference)

2 Hole Preparation 4. Fatigue Conditions

Nominol hole size: 3/8" Net stress: 30 ksl

Process: Ream, CW & ream Test load: -- 81630 lb-. ._

Fastener Diameter: .3535 Load ratio: -, 0- 1
Test Frequency. y5d7irnu-te..

Fastener Inst'l Torque- 225/250 In/lb. Test Laboratory: Mpt'ffL ..s
( C/W .002 Test Engineer: D.-Ree" .

C,/Itrfre0_H-LkTest Machine' Vlbraphore (36 Kjp)

Hole Diameter Hole Finish .0 c
• •~~~- (inches) (RH R) - OrgnoFiue

(Origin of Failure

z o I , and
a_- - a

3:-c

1 .3540 .3665 .3710 35 15 30 .0190 .0125 120
-45--•

2 .3540 .3665 .3710 - - - .0190 .0125

1 .3540 .3665 .3710 40 20 25 .0190 .0125
46~ ~ ~~~~ 185_____________

2 .3540 .3665 .3710 - - - .0190 .0125

1 .3540 .3665 .3710 30 15 30 .0190 .0125 25

. 3540 .366ý5 3710 - - .01910 .0125

> Taken of Minimum (midpoint)
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p IS 11 Tt';K 4 APPLI-,1i, A Q*.,>.:l

lIINUMRi~r 4.C 4

GINERAL TEST CotJD-10i,'P.~ 
4-2-73

1. Specimefl Oescript~on 
VP~,..

Zero load transfer, 2 Itol e 'K 'Il I~p A~io ' (jul
Sle,.ve. tthicl~ness: Q.0010.

Configuration: F " 2 ý,Ieevc or Ienl~if v_____on:

Width: .5' -CW Mandrel: ST 5300-CýBM- 12 --

Hole spacing: 1. 50' ___________

Edge margin - 0. 75" - CW Mandrel Taper: 0.045

Material: 2024 T851 CW Mandrel Major b.o. : .353

Matril oug: ___________Lubrication: 
Fel Pro 30o0n-Te~ieve)

0aeilgue .2 50" __________

Surface Treatment: Shot Peen

Fastener: ! alO~- 11 Fit

2. Hole Preparation 
4. Fcigue Conditions

Net stress: 30k

:1 ~~~~Nominal hole size: 3/8.' Tetla: 60ls

Process; ReamCZWe Ream-. CK La ato 0.1

Fastener Diameter' .3538-.3540 Test Frequiency, _5.00 .

lot'I Test Leborotory: Materials

CSKafer /wTest Engineer: D. Reese

1000(Safe /V Test Machine: Vbro ho~re (36 R~ip) =

Net Fit Hl-Lok__ 
______

0Hole Diameter Hole Finish .2 40

enfl es) grin of Failure

Z a and

Tae at aiinu (mAcdpoiat)
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PHASE II TASK 4 - APPLICAII( -I1I A141) I - .- ' 1

TEST NUMBER: 4 C 5

NOMINAL EXPANSION VALUE: 0.019',

GENERAL TEST CONDITIONS DATE: 4-2-73

1. Specimen Description 3. CW Process

Zero load transfer, 2 hole, CSK Sleeve type: Axial Split
Configuration: Fig 2 Sleeve thickness: QgI0",
Width: 1.50" Sleeve orientation: 0.
Hole spacing: 1.50" CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75" CW Mandrel Toper: 0.045"/"

Material: 2024 T851 CW Mandrel Mojor Do.': .353"
Material gauge: 0.250" Lubrication: Fel Pro 300-To i-eve)
Surface Treatment: Shot Peen
Fastener: HI-Lok 100u rD, Net Fit

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/81 Net stress: 301 ksl
Process: Ream. CSK. C/W. Ream Test load: 8;550 Ibs.

Fastener Diameter: .3740 Load ratio: (R) = 0. 1

Fastener Inst'l Torque: 225/250 In/JL; Test Frequency: W000/mlnute
Test Laboratory: Materials

_'_Test Engineer: D. Reese( 1000 CSI Before C/W Test Machine: Vlbrophare (36 Kip)
Net Fit HI-_ok

C9 Hole Diameter Ho te Finish I S i ,

(inches) (RHR) ' £)
- 6t Origin of Failure

:2 U Remarks

E v
1 .3540 .3665 .3740 25 15 40 .0190 .0125 5

-51 - - 169
2 .3540 .3665 .3740 - - .0190 .0125

1 .3540 .3665 .3740130 15 40 .0190 .0125 508

2 .3540 .3665 .37401- - - .0190 .0125

- 1 3540 .3665 .3740 130 15 45 .0190 .0125 2131

L 2 .3540 1.3665 .3740 L - .190 .012f

> Taken at Minimum (midpoint)
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PHASE II TASK 4 - APPLICATION AND PRCCESS PARAMETERS

TEST NUMBER: 4C 6

NOMINAL EXPANSION VALUE: .0185

GENERAL TEST CONDITIONS DATE: 4-16-73

1. Specimen Description 3 CW Process

Zero load transfer, 2 hole Sleeve type: Axial Split
Configuration: Fig. 2 Sleeve thickness: 0,010m
Width: 1. 50 Sleeve orientation: 00
Hole spacing: 1.50" CW Mandrel: ST 5300-CBM- 12 -0-N
Edge margin: 0.75" CW Mandrel Toper: _ 0•045{"'
Material: 2024 Y851 CW Mandrel Major Dia. : 3530
Material gauge: 0250" Lubrication: Fel Pro 300Tiiiive)
Surface Treatment: not reen
Fastener: HI-Lok with 70; head

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 30 kil
Process: Drill, ream, CW & ream, CSK Test load: A8,550 I1bs.
Fastener Diameter- .3800" Load ratio: (R) - 0. 1
Fastener Inst'l Torque: 225/250"/In.ib. Test Frequency: 5,000/minute
Fastener Fit: Nei Test Laboratory: Materials

Test Engineer: D. Reese

70 0 CSK after C/'W Test Machine-: Vbrophore (3 Kpl)
Net Flt HI-Look i/

Hole Diameter Hole Finish S
(inches) (RHR) E

- . " 7 O rigin of Failure

"a " P and

U Remaos

1 .3545 .3665 .3800 40 20 35 .0185 .0120
-54 290

2 .3545 .3665 .3800 - - - .0185 .0120

1 .3545 .3665 .3800 35 15 40 .0185 .0120 315-55 . . .

2 ,3545 .3665 .3800 1 - - .0185 .0120

1 .3545 .3665 .3800 40 20 35 .0185 .0120 191-56 .. .. .._- - - 191

2 .3545 .3665 .3800 - - - .0 185 .0120

> Taken at Minimum (midpoint)
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PHASE II TASK 4 -APPLICATIWjIq ArNU PR(ýCESS PARAMETERS

TEST NUMBER: 4 C 7
NOMINAL EXPANSION VALUE: 0.019

GENERAL TEST CONDITIONS DATE: 4-25-73

1. Specimen Description 3. CN Process

Zero load transfer, 2 hole, no CSK Sleeve type: Axiol Slit A
Configuration: Fi'. 2 Sleeve thickness: 0.0101"
Width: 1.50- Sleeve orientat;on- 0 '
Hole spacing: 1.501" CW Mandrel ST 5300-CBM- 12 -0-N
Edge margin: 0.75" CW Mandrel Toper! 0.045'V"
Material: 2024 T851 CW Mandrel Moeor Dia. : .3530 -

Material gouge: 0,250" Lubricat;on: Fel Pro 300 on •TFeevv&
Surface Treatment: Shot Peen -

Fastener: Prot. Hd. Net Fit Hi-Lok

2. Hole Preparation 4. Fatigue Conditions

Nominal hole size: 3/8" Net stress: 30 kit
Process: 1. Ream. Test load: 8,750 1lbs.

2. Install under-size fastener Load ratio: (R) " 0. 1
Test Frequency: 50 0 0/minute

Rfleamed only with ik N Test Laboratory: Materials
Test at 30 Io ) Test Engineer: D. Reese

Test Machine: Vlbrophore (36 KIp)

hole Diameter Hole Finish '

(Inches) (RHR)

'6 Origin of Failure3 0o

~Remarks

-15 -. 343 - 172

* 2 - - .343C -. . . .

.- - .343( . . . .

-16 200

2 - - .343( -. .-.
S,. - .3c _-_ .I- -

-17 1- 222

2 - - .343( - -

I> Takenof MIn t" (midpoint) Test engineer did not stop at 80,000 cycles
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PHASE II TASK 4 - APPLICAI,•N ANr) PRCE"S PARAh'.L IL!".

TEST NUMBER: 4 C 8 F ak C
NOMINAL EXPANSION VALUE: 0.019" 9net-fit Fi Lok"

GENERAL TEST CONDITION DATE 4-3-73

I. Specimen Descript;on C V', Pruc e%%

Zero load transfer, 2 hIol. no CSK Sir'. ,' typr A. 1,t
Configuration: Fig. 2 Siecv.. tI icl,, neA" : 0.010"
W idth: *•.... Slef-v,. -)runtutirl 0 " --
Hole spucing: j..,e... Cw Mnrndel SI 10(0 ( -BM - 12 -0-N
Edge margin: 0.._075_ CW Mond,..I lp... 0.045e",
Material: 2024 1851. .C'i Mund, rI M(I,,, C). U.. .353"
Material gouge! 0.250" L,.,brti atn: Ft. Pic, iO kon deeve)
Surface Treatment: Shot Peoen
Fastener: Net fit - HI-Lok

2 Hole Preparation 4. Fatigue Conditiun5

Nominol hole size: 3/8" Net stress: 30 ksl
Proc ess: I. Pilot Dril - Test load: 8,650 lbs.

2. Notch (fatigue crack to length to' Load ratio: .R'' 01
give .030" crack length at pre C/W lest Frequen-cy: 500-/mrInfi
ream dia. (at 30 ksl) Test Laboratory: ..Ma/tftta•lid _

3. Ream Test Engineer* D. Reese
4. C/w
5. Ream lest Machine: Vlrop or'e (36 Kip)
6. Install net fit Hi-Lok .030 ± .005" crack after C/W ream

.3540 diameter

Hole Diameter Hole Finish .2
C, - V
(inches) (RHR) - of.ilr"". 3j " ." Origin of FailureSZ 4) a2 Q a - and

•JZ e •"• -E Remarks
* I o o U

u\failure origin
30 to craa

-111 .3540 .3670 .3735 40 20 145 1.0190 .0130 93 after C/
-123 total M:71

S.30 .3670 - - -
32 to cro k

1 .3540 .3670 .3735 40 20 50 .0190 .0130 515 aft C1-
-18 - 127 total athl2.C2

2 .3540 .3670 .3735 - - - .0190 .0130 rtr9;?.c. pt hoer CW o
2 O to cra ;k c

1 .3540 .3670 .3735 35 15 55 .0190 .0130 607 aft.(C W fi' t -lnr
-2 - - - - r~mcr

-0625 tota Or, crack .021 apte
2 .3540 .3670 .3735 - .0190 .0130 C/4 & postream

[> Taken at Minimum (midpoint) D'-18 (30,000 cycles - .050 crack) -19 & -20
Pilot Hole Dia. = .3155" .050" crack (gives .030" at .354" diameter)
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PHASE II TASK 4 - APPLICATIC-N AND PROCESS PAI-'iC Iin

TEST NUMBER_ 4 D I (Edge Margin) (Open Holes)

NOMINAL EXPANSION VALUE: 0.019 Inch

GENERAL TEST CONDITIONS DATE:_ _ _ _ _ _

I. Specimen Description 3. CW Process

Edge Margin - 4 Hole, No CSK Sleeve Type:_'jllt
Configuration. F,9. 7a Sleeve orientation: 0O

Width- 3.124
Hole spacing: 1.50" x 2.00"
Edge Margin: - .56
Material: 2024-T851
Material Gage: 0-025 Inch
Surface Treatment- Shot Peon
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8 Inch Net Stress: 30 kii
Process: Ream, Coldwork. Ream Test Load: 18, 115 lbs

Load Ratio: R= 0.1
Tes; Frequency: 5000/Min.
Test Laboratory: Materials
Test Engineer: D. Rese

S 1-12D!E/M Test Machine: Vibryphare (36 KIP)
• CIW open hole

30 ks,

Hole Diameter Hole Finish 1 Origin of Fallure
(Inches) (RHR) -2 ando 

a 4 Remarks

e Before CW After CW After

u• Ream U

1 .3540 .3665 .3735 35

-89 2 .3542 .3665 .3735 - 3593 .3542 .3665 .753

, .3544 - .366 .3735 - CW

1 .3545 .3665 .3735 40
2 .35.45 .3W . 3735 -

-90 3 .3545 .3666 .3735 45 215 J

4 .3545 .3668 .3735 -

2 3544 .3666 .3735 4C
-91 3 .3_____ .3664 .3735 ,35 183 I

4  3545 .3667 .3735 cw
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PHASE II TASK 4 -APPLICATI(,N Ar'JD PfUCtLSS •ARAMETERS

TEST NUMBER 4 D 2 3dge Margin) (Open Holes)

NOMINAL EXPANSION VALUE: 0.019 Inch

GENERAL TEST CONDITIONS DATE:.___

1. Specimen Description 3. CW Process

Edge Margin - 4 Hole, No CSK Sleeve Type: S.lit
Configuration: F.9 7b Sleeve orientation: 0-
Width: 3.50.,

Hole spocing: 1.50 " x 2.00"

Edge Margin: .750",
Mate rial: - 2024-TB5_
Material Gage: 0.025 Inch
Surface Treatment: Shot Peen

Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8 Inch Net Stress: 30 ksi
Process: Ream, Coldwork, Ream Test Load: 20,860 lbs

Load Ratio: R= 0.1
Test Frequency: 5000/Min.

Test Laboratory: Materials
Test Engineer: D. Reese
Test Machine: Vibrophare (36 KI)

2D EM
CA'V open hole

030 ki

Hole Diameter Hole Finish 1 Origin of Failure
(Inches) (RHR) - and

0 _ _Final Ream a Remarks

6 0 Before CW After CW After

"U Ream U

1 .3540 .36 3 3 5 . . . . .. L -

-93 2 .3542 .3666 .3735 504

3 • 7544. .33
4 .3543 .3665 .3735 351 .33U44 .3667 .37353 7=•=, 1

-94 2 .3535 .3667 .3735 535
3 .3542 .3668 .3735

4 .42 367 3735 3_"
1 .3543 .366.7 .3735 40

-95 .3542 .3668 .3735 35 253.3544 .3667 .3735 40

4 3 ý543 .3667 .3/ 3 5_
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PIIASE II 1ASK 4 - APPLICATIQN'J AND PP(CESS PAPA',,I TI,1",

TEST NUMBER ...... _.. _ 40 3 (e.de Margin) (Open Holes)
NOMINAL EXPANSION VALUE! _ ._A.9 Inchl-I.

GENERAL TEST CONDITIONS DATE:_- -

1. Specimen Description 3. CW Process

Edge Margin - 4 Hole, No CSK Sleeve Type: .- 1 So:ti
Configuration: - Fig 7C Sleeve orientation:
Width- 3.874

Hole spacing: 1.50 " x 2.00"

Edge Margin: .937
Material: 2024-T851

Material Gage: 0-025 Inch
Surface Treatment: Shot Peen
Fastener: None_

2. Hole Preparation 4. Fatigue Conditions -

Nominal Hole Size: 3/8 Inch Net Stress: 30 ksi
Process: Ream, Coldwork, Ream Test Load: 23,T ibs-

Load Ratio: R- 0.1 1-
Test Frequency: 5000/Mmin.

Test Lab:oratory: Materials
Test Engineer: D. Reese

Test Machine:_ Vibrophore (36 KIP)

2.1,2D EAM
CViN open hole

30 ks,

0

Hole Lt'ameter Hole Finish Origin cf Failure
S(I.,ches) (RHR) - and

0 eRemarks

Before CW After CW After F-lRa

"u Ream

1 .3542 .3670 .3735 40
2 .3542 T6 73 .735 -

-97 3 .3542 .3670 .3735 756
4 .3542 .3670 .3730 35
1 .3543 .3669 .3735 35_"_"

-98 2 .3545 .3669 .3735 -- 393
3 .3542 .3669 .3735 -

4 .3543 .3673 .3735 35 L
I _ .3,5_ _ .3673 .3735 40
2 .3543 .3670 .3740 35

13 .3544 .3671 .3735 35
L. .L .3- .3672 .3735 35
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PHASE II TASK 4 - APPLICATIC1 AND PROCESS PARAME TERS

TEST NUMBER 4 D 4 (Edge Margin) (Open Holes) :
NOMINAL EXPANSION VALUE.- 0.019 Inch

GENERAL TEST CONDITIONS DATE:

1. Specimen Description 3. CW Process

Edge Margin - 4 Hole, No CSK Sleeve Type: .L.F,,g 7d "

Conflguration: ..... .. Sleeve owientation:
Width. 2.994

Hole spacing: .- '
Edge Margin:
Material: 2024-T851
MaterIal Gage: 0-025 Inch
Surface Treatment- Shot Peen
Fastener: None

2. Hole Prepamtion 4. Fatigue Conditions

Nominal Hole Size: 3/8 Inch Net Stress: 30 ksi
Process: Ream, Coldwcrk, Ream Test Load: 17,330 lbs

Load Ratio: R= 0.1
Test Frequency: 50.0.0O.Mina.

Test Laboratory: Materials
Test Engineer:-_ D. Reese
Test Machine: Vibrophore (36 KIP)

3D hole spacing
C NV open hole

30 ksi

o

SHole Diameter Hole Finish E Origin of Failure
,O (Inchei) (RHR) Reand

0 __Final Ream u- Remarks
9 Z

* " Before CW After CW After
SReam

-I01]2 .544 3665 .3535 -- 39•
. .3 544 .3665 .3535 -
4 .3545 .3665 .3535 35 Cw

- .3543 .3665 .3535 35 w

-10 2 .3540 .3665 .3535 40 355

.3542 .3665 .3535 40 Crack3oc5cured
S2 1 .3402 -• '365 .3535 35 be3tweenoles

1 .3540 3666 .3535 40 , , d

2 .3542 .3665 .3535 -

-103 3 .3542 $ .3665 3535 - 380
4 .3539 .3665 .3535 40 CW
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PHASE II TASK 4 -APPLICATION AND PROCESS PARAMETERS

TEST NUMBER 4 D 5 (Edge Margin) (Open Holes)

NOMINAL EXPANSION VALUE: 0.019 Inch

GENERAL TEST CONDITIONS DATE:_

1. Specimen Description 3. CW Process

Edge Margin - 4 Hole, No CSK Sleeve Type: Solt

Configuration: Fig. 7c Sleeve orientation: 0'
Width 3,374

Hole spacing: 1.50" x 1 .50"

Edge Margin: .937

Material: 2024-TA5I
Material Gage: 0Q025 Inch
Surface Treatment: Shot Peon
Fastener: None

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8 Inch Net Stress:- 30 ksi
ProceIs: Ream, Coldwork. Ream Test Load, 19,YU lbs,

Load Ratio: R= 0.1
Test Frequency: 5000/M. I n
Test Laboratory: Materials
Test Engineer: ee D.Reese

Test Machine: Vibroohore (36 K(1)

4D hole spa,,•il
C "I," 3pe:n hole

30 ks,!

Hole Diameter Hole Finish 1 Origin of Failure

(inches) ad(RHR) a

A Firal R r Remarks

S• Before CW After -n,.

U Ream

-10 2 ".3543 .3666 .3735 - 300

3 .3542 .3666 .3735 40 cw
4 .3542 .3666 .3735 -

1 .354 .3670 .3735

-I0-1 2 .3543 .3670 .3735 - 294
3 .3543 36/7U .S3/ 4 I_ __

1 .3543 .3670 .3735 35 ' ,)

4 .3543 .3670 .3735 350
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PHASE II TASK 4 -APPLICATION Ati, Fr , r. i,

TEST NUMBER: 4 G I

GENERAL TEST CONDITIONS DATE: 4-24-73

1. Specimen Description 3. Fastener Installation:

High Load Transfer- Fig. 10 Fastener Fit: Net
Material: 2074-TR51 Installation Torque: 2W-/250 inAL
Material Gouge: 0-250"

Surface Treatment: Shot Pgan
Fastener: WI-L-ni Pent Hain

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8" Net Stress: 30 ksl
Process: Ream, C/A, Ream Test Load 16,800 lbs

CW Process: ;Ip,. .Load Ratio! R = 0. 1
CW Interference: 0-O015" Test Frequeney: 600 CPM

Test Laboratory: Materials
Test Engineer: D. Reese
Test Machine: Rlehle-Los

(C/W vNet Fit P.H. HiLok
.010*Shim

K 0i
Typical Typical Cycles to Origin of Failure

'0 Hole Final Fol lure and

Diameter Hole Remarks
Before Diameter I

c CW (inches) LOAD
(Inches)

-109 .3545 .3730 580,620

Noa surface Fretting
-110 .3545 .3730 371 ,3W0

-I'll .3545 .3735 500,440
OriginI at 450

_ __No surface fretting
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PHASE II TASK 4 -APPL ICATION AND PROCESS PARAMETERS

TEST NUMBER: 4 G 2

GENERAI. TEST CONDITIONS DATE: 4-24-73

1. Specimen Description 3. Fastener Installation:

High Load Transfer: Fig 10 Fastener Fit: .002" ciearoncu_

Material: 2024 T8S1 Installation Torque: 225/250 in/Ihs

Material Gauge: 0,250"
Surface Treatment: Shot Peen
Fastener: HI-1t•L - Prot Head

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8" Net Stress: 30 ksl

Process: Ream. C/W. reom Test Load- 16,800 lbs.
CW Proceuw' Sleeve Load Ratio: R = 0.1

CW Interference: 0-0185" Test Frequency: 600 CPM
Test Laboratory: Materials
Test Engineer: D. Reese
Test Machine: Rlehle~Los

C/W .OG2 CL. HiLok
Prot. Head .010 Shim

M Typical Typical Cycles to Origin of Failure

,0 Hole Final Failure and

Diameter Hole Remarks
z Before Diameter
c CW (Inches) LOAD
E (Inches)
u

-112 .3545 .3755 281, 720 ~ 1~ 1 k
* r(o"surrace ret'?�ere

-113 .3545 .3755 291,. 700 F 1
Orlgib at 7U' td e
No surface fretting

*114 .3545 .3755 355, 200 F~T- I, Io P
OrigiA at 900 to'CL

6 _ _No surface frettlon

Some secondary cracks at 45& away from hole on load side.
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PHASE 11 TASK 4 -APPLI l(ATIN AND PROCASS PARAME U~PS

TEST NUMBER: 4 G 3

GENERAL TEST CONDITIONS DATE: -. 4 23 -73

1. Specimen Description 3. Fastener Installation-

High Load Transfer: F~g 10 Fastener Fit! -' t
Material.- 2024 T 851 Installation Torque: 225/250jnJbk.
Material Gauge: 0.250"
Surface Treatment: Shot Peen
Fastener: HI-Lok, Prot. Head

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size. 3/8" Net Stress: 0 It) ____

Process: -...Ream, C/*W, Ream Test Load- 16,900 lbs..

CW Process: Sl--1ee-ve Load Ratio:-.. R z 0.1
CW Interference- 0.0185" Test Frequenfey: 600 CPM

Test Laboratory: Materials ___

Test Engineer- D. Reese
Test Machine.- Riehie-Los -

CMN Interference Fit HiLok'C ProL Hea'd .010" Shi A

M yiaI Typical Cycles to Origin of Failure
0 Hole Final Failure and

Diameter Hole Remarks

z Before Diameter
c CW (inches) LOAD
6 (inches)

-115 .3545 .3715 924, 180 1 fr7cr -1
ORIGIN AT 0- NOU1A FETIN

-116 .3545 .3715 655, 880

_________ ________ _________ORIGINS
0 

FROMGq NOSURFACE FRETTING

-117J 3545 .3715 900, 530 f J
JSO SHANK! F'R ETINC.

__________MAIN ORIGIN 00 FROLA ri NOC SURFACE FRETTING
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PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMRER:_ 4 G 4

I. If RAL TF r COr-IDI TIONS DATE: 4-26-73

1. Specimen Desctiptlon 3. ctorener Ilstallatiorn:

High Load hansft•t Fg 10 Fosle,iur f it: Net
Mater;ial: 2024 T 851 li,,'..,,lirini loiq 225/250 In/lbs

Material Gouge: 0.250

Surface Treotment:* _Shot Peen

Fastener: __HI-Lok, Flush Head _

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8' Net Stress: 30 kil
Process: Ream, C/W. Ream. CSK Test Load-• 16.800 lbs.
CW Process: Sleeve Load Ratio: RL=:0,1
CW Interference: 0.019" Test Frequency: 600 CPM

Test Laboratory: IVtrliIs -

Test Engineer: -O. Rem -
Test Machmne:- Rlehle-L-a'

(C/W Net Fit =HILok
Flush Head .010Shim

M typical Typicol Cycles to Origin of Failure
0 Hole Final Fuilure and

Diameter Hole Remarks .
Z Be fore Diameter j
c CW (I nches) LOAD
gJ (inches)
u

Orlglh at (0° to- ýL

) Nei surface frettinn

-119 .3545 .3732 343. 460 l~ i • 19
Origlih at 4.51 to'q.
No surface Fre"fing

Orlg~n at 45- týý
_ ~~No surface fretll

347



PHASE 11 TA';K 4 -APPI ICATICN AND PROCESS PARAME rE PS

TEST NUMBER: 4 (-

cd NE HAL TEST CONDITIONS DATE: -- 4--26-73 --

I Sped~men Description 3. Fastener Installation:

High Load Tionsfer: Fig. 1 Fastener Fit: N__Iet flit--
Materia: ____2. 41851 Installation Torque: .22V250 In/lbs
Material Gouge: -NO SHIM
Surface Treatment! Sh-o Peen,
Fastener: 111-L~k (?QO.t.icad)

2. Hole Preparation 4. f aiique Conditions

Nominal Hole Size: - _/S." - Net Stress: 30 Ics!
Process- .Ream CAW &Ream ~ Test Load-~ ,O0ls
CW Process:$i z-----------Load Ratio-~j.]__
CW Interference- A.M185 - Test Frequency- 60C.M.

Test Laboratory: M-9dorl-11 -

Test Enaineer: _1D-kese
Test Machine: -Rqieh."Ls----

C/Av Net Fit HiLok
Prot. Head - No Shim

M TypicalcIi jpicaI Cycles to Origin of Failure
'0 Hole Final Fai lure and

Diameter Hole Remarks
z Before Diameter
c CW (inches) LOAD
vE (Inches)

-121 .3545 .3735 294, 720 LiACN L SE

_LI AT_4$0TOJ

-123 .3545 .3735 386, 990 111,

SERIU O.5 UrFAcE FREtTTNO ON LCAD SiDEpý

-123 .3545 .3735 399.. 190 T77 T;IIO#II
__________M E_____ SiA FRETN ON L.JOACD SD

NOTE: Surface fretting only occurs on load side at first row of holes.
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PHASE II TASK 4 -APPL ICATION AIJD PROCV; I'APAMIW I•

TEST NUMBER- 4 G 6 -,

GENERAL TEST CONDITIONS DATE - 4-27-73

1. Specimen Description 3. Fastener Installation:

High Load Transfer: Fig. 10 Fastener Fit: Net

Material: 2024 T 851 Installation Torque: 225/250 in/Ib s

Material Gouge: 0.250 I
Surface Treatment- Shot Peenn
Fastener: HI-Lok {Prot. Hpad"

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/B" Net Stress: 30 kil

Process:_ Ream C/W%. Ream Test Load. 16,800 lbs.

CW Process: Sleeve Load Ratio:_ R = 0.1

CW Interference: 000185" Test Frequency: 600 CPM
Test Loboratory: Materi•ls
Test Engineer: D. Reese
Test Machine: Riehle-Los

C /,• Net Fit HiLoi
Prot. Head No Shim
Upset Removed &
Primed

N Typical Typical Cycles to Origin of Failure

Hole Final Fai lure and

Diameter Hole Remarks

Before Diameter
c CW (Inches) LOAD
- (inches)U

-124 .3545 .3735 429;000 F F F/o•n brigin at, O To
..- _ ome su_ ace ,rettingn

-125 .3545 .3735 674,690
U,.igirk at YZ,• Elr9.

___________Some surface fretting

-126 .3545 .3735 990,370 t o I
Orlgih at 45° to'q

Some surface fretitng
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PHASE II TASK 4 -APPI ICATION Al-A r.(;t E, PAPAMF Il'

TEST NUMBER: 4 G 7

GENERAL TEST CONDITIONS DATE: 4-27-73

1. Specimen Description 3. Fastener Installation:

High Load Transfer: rV. 1o Fastener Fit: Net

Material: 2024 T 851 Installation Torque: 225/250 In/lbs.
Material Gouge: 0.250
Surface Treatment:- Shot Peeinu
Fastener: Taper-Lok (Prot. Headj

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/A' Net Stress- 30 ksi
Process: R.,am anly Test Load- 16, 800 lbs.

Load Ratio! R = 01
Test Frequency: 600 CPM
Test Laboratory: MoterIals
Test Engineer: D. Reese

T/L Prot, Head ,010 Shim Test Machine:. Rilehle-Las .

I

0

S Typical Typical Cycles to Origin of Failure
ýo Hole Head Fai lure and

Diameter Protrusion Remarks
Z BeforeI

CW (Inches) LOAD
(Inches)

-127 .230/.250 682,310 'V
ORIG'IN AT 90'1'0 rý,

NO SURI ACE FRETT[ING

MAIN ORIGIN AT 45*
_RETTING IN f'AILED HOLE AT SIDES NOSURFACE FRETTING

-129 .230/.250 369,400 1 N 1A1•iI•r
iORIGIN AT 45*
___FR4TT.IN N FAILEC HOLE AT SIDES NO SURFACE FRETTING
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7 -0

PHASE II TASK 4 - APPLICATION AND PROCESS PARAMETERS

TEST NUMBER: 4G8

GENERAL TEST CONDITIONS DATE: _-25-3• .

1. Specimen Description 3. Fastener Installation-

High Load Transfer: Fig 10 Fastener Fit:
Material:- 2024 T 851 Installation Torque: 72./925 ;nI41-

Material Gauge:-- 0,250
Surface Treatment: 5hot Pen _

Fastener: Taoer-Lok hpntI

2. Hole Prlparation 4. Fatigue Conditions

Ncminol Hole Size: L/ Net Stress: 30 k6i

Process- Ream Test Load- 16,800 1bs.

Load Ratio: R = 0.1
Test Frequeneny- 60 CPM

Test Laboratory: Materials

Test Engineer: D. Reese
(T/ m•Test Machine: Riehi,-Lat

( AFlush Head .010" Shim etMcin: Rei-n

0N

STypical Typical Cycles to Origin of Failure

Hole Head Fai lure and

SDiameter Protrusion Remarks
2• Be fare

c CW (Inches) LOAD, ] (Inches)

-130 - .230/.250 1,422,370 FI~ h
CtGIN AT 453 To GL
NO SURFACE FRETTINQ;

-131 - .230/.250 517,810 CORKSCREW FiETTING ON K

_____,______IGoIN O0N TOg NOSURFACE FITIE IG ,

-132 - .230/.250 548,000
CRIGIN AT 900 ° rtO

SOME SHANK FRETTING NO SURFACE FRETTING
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PHASE II TASK 4 -APPL ICATION AND PROCESS PARAMETERS

TEST NUMBER- 4 G 9

GENERAL TEST CONDITIONS DATE - 5-3-73 _ _

1. Specimen Description 3. Fastener Installation:

High Load Transfer: Fig. 10 Fastener Fit- N,___-_-_

Material: 9.).94 T A•'l Installation Torque: 724•/250f In/lb
Material Gauge- 0. 25N

Surface Treatment: Shot Peen
Fastener: Hi-Lok (Prot. Head)

2. Hole Preparation 4. Fatigue Conditions

Nominal Hole Size: 3/8" Net Stress: 30 ksi
Process: Drill and reom . Test Load- 16.800 lbs. _

Load Ratio: R =0.1
Test Frequency: 600 CPM
Test Laboratory: Materials
Test Engineer: D, Rogee
Test Machine: _Riehia-L-•s

Reamed Net Fit HiLok
Prot. Head .010" Shim

jn Typical Typical Cycles to Origin of Failure

0 Hole Final Failure and
Diameter Hole Remarks

Z Before Diameter
c CW (Inches) LOAD
S (Inches)
U

-133 - 3735 201,290
Origin at 90n t6 GL
No LiJrfara fryetting

-134 .3735 151,220 ,r'g nar• r2.

-No surface fretting

-135 -. 3735 122,060 ~I hII~I
Origin at 900 t6G

_____________ No surface frotting

352



PHASE II TASK 4 -APPLICATION AND PROCESS PARAME TEPS

TEST NUMBER! 4 G 10

GENERAL TEST CONDITIONS DATE: . .. 5-7773.

1. Specimen Description 3. Fastener Installation:

High Load Transfer: F,9 10 Fastener Fit: Net

Materiol..... .202A48.5---..- Installation Torque:. 225/M50 n

Material Gouge: _ 0.2m -.... .060 sand blasted Micorto

Surface Treatment: Sho tP ..
Fastener: -..- -J.kProt.1koa

2. Hole Preporotion 4. Fatigue Conditions

Nominal Hole Size: - 3/.1f -. . Net Stress: -3 .0 ksl . .

Process: . . . .. - -. .ream Test Load -. . 16,800 lbs.
C'.'' Process: Sleeve Load •rlo: . RP-0.1
CN Iwtierfe,eice: .... -o8.S2 - Test F eqjent,: 600 CPM

*Test Laloratory: _Materiols.
Test ED,.i.-eer: .... . Re.eIe

Test Machine:. _

C/W Net Fit HiLok
Prot. Head .060" Shim

J Typical n• . (ra, Cycles to Origin of Failure
Hole I i:Iol Failure and

Diameter Hole Remarksz• Be fate Diameter

c CV,' (I nchies) LOAD
E (Inches)

It.

-136 .3545 .3735 365,020 "T
No surface fretting

-137 .3545 .3735 867,530

No surface fretting
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COST STUDY

Elemental Flow Times Normal man-minutes

Positioning -Hand drill 0.03
Hand reamer 0.02
Winslow drill 0.08
Quackenbush drill 0.16

- Taperlok reamer 0.0t
Torque tool 0.05

AL Ti SH

Drilling--Iland drill 0.32 -

Winslow drill, regular hole (6000) 0.18 --

Winslow drill, Boeing PT bolt hole (HS-2) 0.10
Winslow drill, Taperlok hole 0.19
Quackenbush drill - 0.62 3.1

Reaming- Manual, straight hole 0.04
Manual, tapered hole 0.16 -

Quackenbush, straight hole - 0.84 0.84
Quackenbush, tapered hole - 0.334 1.05
Pin ream, tapered hole 0.15 0.20 0.20

* Bolts/nus -Insert 0.06 0.06 0.06
Drive Boeing PT bolt 0.086 - -

Drive Taperlok 0.08 0.12 0.15
Inspect protrusion (Taperlok) 0.08 0.08 0.08
Place nut 0.43 0.43 0.43
Torque nut, regular 0.05 0.05 0.05
Torque nut, HiLok 0.07 0.07 0.07
Primer/sealant 0.025 - -

Inspection-Inspect regular hole 0.02 0.02 0.10
Inspect PT hole 0.04 0.04 0.04
Inspect tapered hole 0.12 0.36 0.40

Inspect flushness 0.03 0.03 0.03
Inspect C/W hole 0.04 0.04 0.04

Coldworking - Place sleeve 0.065 0.065 -

Insert and pull 0.050 0.050
Remove sleeve 0.02 0.02 -

Lubricate and bake - 0.10
Push or squeeze mandrel 0.16
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Process Times and Costs (at S10,50/hr) Normal man-minutes

I) Taperlok--protruding head Aluminum Titanium Steel

Prorated setup and sample plates 0.236 0.69 0.82

Position drill 0.08 0.16 0.16

Drill straight hole - 0.62 3.10

Drill/csk tapered hole 0.19 - -

Position reamer - 0.16 0.16

Ream taper -- 0.334 0.105
Inspect hole 0.12 0.36 0.40

IV( pin ream 0.015 -

100" pin ream - 0.20 0.20

Insert bolt 0.06 0.06 0.06

Inspect protrusion 0.08 0.08 0.08

Drive bolt 0.08 0.12 0.15

Install nut 0.43 0.43 0.43

Torque nut 0.05 0.05 0.05

Inspect tlushness 0.03 0.03 0.03

14% PF&D* 0.192 0.468 0.80

Total nonral man-minutes 1.563 4.210 6.545

Labor cost SO.274 SO.735 S1.14

Cutter cost/hole -drill 0.03 0.015 0.135

Cutter cost/hole-Taperlok reamer -- 0.11 0.84

Total installation cost SO.304 $0.86 S2.115

Steel Taperlok pin $0.54
Titanium Taperlok pin 0.97
Steel nut 0.07
Titanium seal nut 0.43

Total costs/installation Aluminum Titanium Steel

Steel Taperlok and steel nut $0.91 $1.47 $2.73
Steel Taperlok and seal nut 1.27 1.83 3.09

Titanium Taperlok and steel nut 1.34 1.90 3.16
Titanium Taperlok and seal nut 1.70 2.36 3.52

*Personal fatigue and delay
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2) Coldworked holes with titanium Hi-Loks-protruding head

Normal man-minutes M
Aluminum Titanium Steel

Prorated setup -0.11 0.110 0.25

Position drill -0.08 0.16 0.16
Drill straight hole 0.10 0.62 3.10
Inspect hole-sample -- 0.01 0.01 0.01
Place sleeve on mandrel 0.065 0.065
Insert and pull 0.050 0.050
Remove sleeves 0.020 0.020 - -

Drylube hole -- 0.10
Place aligner on mandrel 0.021
Insert mandrel 0.03
Position part on yoke and push - - 0.16
Inspect hole 0.02 0.02 0.02
Position reamer -- 0.16 0.16
Postrcam 0.04 0.84 0.84
Insert bolt 0.06 0.06 0.06

Place nut 0.43 0.43 0.43

Torque nut 0.07 0.07 0.07
14%• PF&D 0.147 0.376 0.76

Total normal man-minutes 1.202 2.991 6.17

Labor cost $0.21 SO.523 S1.08
Cutter cost/hole---drill - 0.015 0.135
Cutter cost/hole--ream -- 0.021 0.21
CiW sleeve cost 0.14 0.14
Mandrel cost - - 0.30

Total installation cost $0.35 SO.699 S1.725

Titanium Iti-Lok pin 0.31
Aluminum collar 0.05
Aluminum seal nut 0.14

Total costs/installation Al1Imninum Titviit ini Steel

C,'"\\ holes with titanium Hi-Lok plus
aluminum collar $0.71 S 1.06 S2.09
Ci:W holes with titanium Hi-Lok plus
alunlinuni seal nut 0.80 1.15 2.18
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3) Coldworked holes with steel lockbolts and 10% steel Hi-Loks

Normal man-minutes
Aluminum Titanium Steel - -

Prorated setup 0.110 0.110 0.25
-Position drill 0.08 0.16 0.16
Drill straight hole 0.10 0.62 3.10
Inspect hole-sample 0.01 0.01 0.01
Place sleeve on mandrel 0.065 0.065 -
Insert and pull 0.050 0.05 -

Remove sleeves 0.02 0.02 -

Drylube hole - 0.10
Place aligner on mandrel --.. 0,02 I
Insert mandrel - 0.03
Position part as yoke and push --- 0.16
Inspe,:t hole 0.02 0.02 0.02
Position reamer 0.01 0.16 0.16
Postream 0.04 0.84 0.84
Insert lockbolt--90% 0.054 0.054 0.054
Place collar-90% 0.02 0.02 0.02
Pull lockbolt and swage collar-90% 0.07 0.07 0.07
Insert Hi-Lok-10% 0.006 0.006 0.006
Place nut-10% 0.043 0.043 0.043
Torque nut-10% 0.007 0.007 0.007
14% PF&D 0.099 0.315 0.705

Total normal man-minutes 0.804 2.570 5.755

Labor cost $0.14 $0.45 $1.01
Cutter cost-drill - 0.015 0.135
Cutter cost -reamer -- 0.021 0.21
C/W sleeve cost 0.14 0.14
Mandrel cost -- - 0.30

Total installation cost $0.28 $0.626 $1.655

Steel lockbolt pin $0.09
lMuminum seal collar 0.03

Steel Hi-Lok pin 0.17
Aluminum seal nut 0.14

Total installed costs Aluminum Titanium Steel

(7/W Iholes with 90% steel lockbolts,
10% steel Hi-Loks $0.42 SO.77 $1.80
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4) Interference-fit straight-shank bolt

Normal man-minutes
Aluminum Titanium Steel

Prorated setup and sample plates 0.19 0.36 -

Position drill 0.08 0.16 --

"Drill straight hole 0.10 0.62 -

Position reamer - 0.16 -

Ream - 0.84 -

Inspect sample 0.04 0.04 -

Insert bolt 0.06 0.06 -

Drive bolt 0.08 0.12 -

Place nut 0.43 0.43
Torque nut 0.07 0.07 -

14% PF&D 0.147 0.40 -

Total normal man-minutes 1.197 3.26

Labor cost $0.21 $0.57
Cutter cost/hole-drill - 0.015
Cutter cost/hole-reamer - 0.021

Total installation cost $0.211 $0.606

Interference-fit titanium pin 0.34
Aluminum collar 0.05
Aluminum seal nut 0.14

Total costs/installation Aluminum Titanium Steel

Interference-fit titanium pin with
aluminum collar $0.60 S1.00

Above with aluminum seal nut 0.69 1.09
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