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ABSTRACT 

(Distribution Limitation Statement No. 2) 

The sunmary data and results of tests performed on Minuteman Wing I Launcher 
Equipment Room (LER) Shock Isolators are presented in this report. The te.sting 
was performed by the Air Force Special Weapons Center at the request of Space 
and Missile Systems Organization (SAMSO). Single isolator displacement tests 
and single isolator shock tests were performed. The tests were conducted to 
determine the threshold of failure and the mode of failure for the LER isolator 
as a result of a shock loading condition or any other loading. The teat results 
indicated a need for a number of improvements in the original design. Test 
data summary results, notation of observations made during testing, and other 
pertinent information are presented. 
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1. GENERAL 

SECTION I 

INTRODUCTION 

In summary, the data and the results of an investigation conducted on 
Minuteman Wing I Launcher Equipment Room (LER) Types I, III, and IV shock 
isolators are presented in this report. The authority for this work is 
contained in AF Form 111 for Project 133BTA4H, entitled Minuteman II and III, 
dated 26 March 1968. This authority was issued by Headquarters, Air Force 
Special Weapons Center, Kirtland Air Force Base, New Mexico. The pr oject has 
since been changed to 133BCR. 

2. PURPOSE 

This investigation primarily conducted a series of tuta that evaluated 
the three types of individual shock isolator's ability to survive the test 
input requirements. 

1 
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1. ORIGIN 

SECTION II 

TEST SPECIMEN 

The LER isolators used in these tests were delivered from the Wing I, 

Malmstrom AFB, Great Falls, Montana, site. The isolators were delivered after 

replacement isolators were furnished during a force modernization shutdown 

period. 

2. ISOLATOR DESCRIPTION 

Figure 1 shows the basic arrangement of the spring isolator assemblies. All 

isolators are approximately 11 feet long and they differ only in size of spring 

and housing parts. The following information was taken from represent~tive 

field drawings: 

a. The spring in Type I isolator is formed with 23/32-inch diameter wire, 

has 16 total coils (13 active coils of 3-25/32 inches mean diameter), has a 

free length of 21 inches, and has a designed spring rate of 500 lb/in. 

b. The Type III isolator contains two springs whi ch are nested. The 

inner spring is formed with 31/32-inch diameter wire, has 14-1/8 total coils 

(11-1/8 active coils of 4-25/32 inches mean diameter), and has a free length 

of 22 inches. The outer spring is formed with 1-1/8-inch wire, haE 9-1/8 total 

coils (6-1/8 active coils of 7-1/8 inches mean diameter), and has a free length 

of 22 inches. The combined spring system has a designed spring rate of 1903 

lb/in. 

c. The spring in the Type IV isolator is formed with 29/32-inch diameter 

wire, has 13-3/16 total coils (10-3/16 active coils of 4-27/32 inches mean 

diameter), has a free length of 20 inches, and has a designed spring rate of 

770 lb/in. 

2 
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SHOCK INPUT 

41 in Ctl) SCREW 
TYPE I 8 Ii: ---~- . 

IO~f in CAP SCREW -..ar-

TYPE m: R SPRING PLATE 

LOWER !SPRING PLATE 
LOWER CAN STCP 

CAN---~~ 

61in CAP SCREW 
TYPE I 8 m: 

12-j in CAP SCREW 
TYPE m _J 

CABLE TRAY MASS 
SIMll.ATION 

11118'4--LCMER ROD STOP 

.,_ TURNBUCKLE 

I 
TEST WEIGHT 

Figure 1. Wing r, LER Isolator Assembly in Test Co~figuration 
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SECTION III 

TEST PROCEDURE 

The LER isolators were tested in accordance with the Air Force Special 

Weapons Center (SWTEE) Program Plan as delineated in reference 1, dated May 1968 

and revised July 1968. 

1. TEST REQUIREMENTS 

The program plan was followed with minor modifications as required during 

the testing period. The plan called for the following characteristics of the 

isolators to be investigated: 

a. Spring rate test--to determine the Atiffness of the isolator assembly. 

b. Twang test--to determine isolator damping as well as individual isolator 

characteristics such as natural frequency and internal impacting. 

c. Shock test--to determine the dynamic characteristics and mechanical 

strength of the isolators when subjected to shock input loading while operating 

both, below and above the solid height of the isolato r springs. 

2. INSTRUMENTATION A.~D TEST SETU.'> 

The instrumentation, which was typical for all isolators, is shown in 

figure 2. The instrumentation locations are given in figure 3. Other illus­

tra t ions of typical LER isolator instrumentation are shown in figures 4, 5, 6, 

and 7. Also shown in figures 4 and 7 is a detail of the Cable Tray mass 

simulation located at the rod top. Figure 8 shows the spring rate test setup. 

Figure 9 shows the remote air-operated quick release used for releasing the 

simulated mass during the twang test. 

J. SHOCK TESTS 

The shock lnput to the isolator ceiling attach point was provided by the 

Air Force Special Weapons Center Seismic Impulse Facility. The shuck impacts 

were applied to the isolators in a pure vertical, pure horizontal, or a com­

bined vertical and horizontal direction. The input pulses were consistent with 

the values specified in the test matrix, reference 2. The isolators were 

subjected to the five different tests identified below: 
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a. Incremental vertical (I.V.) 

b. Incremental horizontal (I.H.) 

c. Constant displacement with variable velocity (CD,V) 

d. Constant velocity with variable displacement (CV,D) 

e. Combined vertical and horizontal (comb) 

Reference 2 gives the approximate values of displacement and velocity for these 

input pulses and reference 3 gives the tolerances for these values. 

The inputs were applied until isolator failure occurred or until the 

maximum input values were reached. The isolator spring solid height for each 

isolator was achieved before isolator failure or bef ~re testing was stopped. 
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DISPLACEMENT {X,Y) 

VELOCITY (X,Y)--

X 

SECTION A-A 

MASS 

OPPOSITE 
~OFGl«S 
MEAS~E BENDING 

A 

DISPLACEMENT { X, Y, Z) 

ACCELERATI~ { X,Y,Z) 

~~:;;..STRAIN GAGES {LOAD~X) 

ACCELERATION {X) 

ACCE l.ERATION (X l 

RELATIVE DISPLACEMENT (X) 

STRAIN GAGES ( BENDING , X) 
A-ACCELERATION (X, Y,Z l 

STRAIN GAGES (BENDING, X) 

A 
ACCELERATION ( X ,Y, Z) 

ACCELERATION (X ,Y ,z) 

TEST WEIGHT 

Figure 2. Instrumentation--Typical LER Isolators 
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2 

STRAIN GAGES t 

ACCELEROMETER MOOOS -

STRAIN GAGES 
(2 PLACES) 6 

1 
ACCELEROMETER MOUNT 

DISPUCEt.£NT BRACl<ET 
RELATIVE-CAN-ROO 

STRAN GAGES 
(2 PLACES) 

MASS CXSA..ACEMENT 
BRACKET MOUNTS 3ft-gin 
ACCELEROMElER 

MOUNT 

2ft 6-3/4in 

1 
20 
♦ 

Figure 3. InstrlDJlentation Lo cations--Typical for All Isolators 
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Figure 4. Instrumentation--Strain Gage aud Accelerometer 
Installation at Upper Rod Location 

Figure 5. Instrumentation--Accelerometer Installation at 
Lower Rod Locat i on 
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Figure 7. Instrumentation--General View Upper Portion of Isolator 
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Figure 8. Test Setup--Spring Rate Test 
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Figure 9. Quick Release Method--Twang Test 
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1. TEST LOG 

SECTION IV 

TEST RESULTS 

A test log, which includes the reference run number or shot number, date, 
configuration, and test r.ondi tion, is represented in Appendix I. 

2. ISOLATOR TEST HISTORY 

The individual test history and test results for each LER isolator are 
included in Appendix II. 

3. POST-TEST INSPECTIO 

The post-test inspection results for each individual LER isolator are shown 
in Appendix III. 

4. POST-TEST AND FAILURE ILLUSTRATIONS 

Figures 10 and 11 show views of Type I , S/N 26 isolator after incremental 
vertical shock testing. This was the first isolator to undergo shock testing. 
Figure 11 illustrates the permanent set in the sryring . 

Figures 12 and 13 show the general condition o Type IV, S/N 1 isolator 
after incremental vertical shock testing. No failure or permanent damage was 
apparent. However, internal impacting at the upper can stop was noted as shown 
in figure 13. 

Figure 14 shows a typical Type III isolator failure. The isolator rod-end 
bearing proved to be the weakest "link" on all Type III isolators. Figure 15 
shows the Type III rod-end bearing failure and damage to the lower can stop 
c&p screws. 

Pigure 16 shows a close-up view of a typical Type I isolator failure. The 
six cap screws, which attached the lower can stop, failed in shear. Figure 17 
shows Type I, S/N J isolator test onfigu atlon after a secondary failure of 
the shock cord (bungee cord). No damage occurred to the isolator components 
as a result of the secondary failure. Figure 18 shows another view of a typical 
Type I isolator failure. The isolator rod is restrained by the shock cord 
during this failure. 

13 
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Failures to Type IV isolators were identical to Type I failures. Figure 19 
shows a typical Type IV cap screw shear failure at the lower can stop. 

14 



AFSWC-TR-69-20 

Figure 10. Type I, S/N 26, Post-Test Insp ~tion of Spring Assembly 

Figure 11. Type I, S/N 26, Close-Up of Permanent Set in Spring after Testing 
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Figure 14. Typical Type Ill Test Failure 
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11111 

TYPE m:, .s~ 00000 FA•Lo 
VER IC.AL Sl\ac:..K 

3 P <; e. ~e R , '-S 

Figure 15. Type III , S/N 23, Test Failures 

Figure 16. Typical Type I Failure--Cap Screw Shear Failure at 
Lower Can Stop 

18 



~
 '° 

I 

<
 

. 

, .~
.:

;;
.#

 e~
 

. .,. ;.,
 ~

. 
. 

~
\
 

'!
t.

 

F
ig

u
re

 1
7

. 
T

yp
e 

I,
 

S
/N

 
3

, 
T

es
t 

C
o

n
fi

g
u

ra
ti

o
n

 a
ft

e
r 

Is
o

la
to

r 
F

ai
lu

re
--

S
ec

o
n

d
ar

y
 F

a
il

u
re

 o
f 

S
ho

ck
 C

or
d 

~ C
l)

 

~
 

C
")

 
I H
 ~
 °' '° I N

 
0 



AFSWC-TR-69-20 

Figure 18. Typical Type I Failure at Lower Can Stop--Restrained by Shock Cord 
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Figure 19. Typical Type IV Failure--Cap Screw Shear Failure at Lower Can Stop 
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SECTION V 

CONCLUSIONS AND RECOMMENDATIONS 

1. CONCLUSIONS 

a. All test requirements were met and the test results showed conclusively 

that different modes of failure do occur during a shock input to the LER Shock 

Isolators. 

b. All failures occurred during the hard spring (spring solid height) mode 

of shock input. 

c. Failur~s occurred in two areas: (1) the lower rod-end bearing, and (2) 

the cap screws which attach the lower can stop to the spring can. Both of these 

failures had been anticipated. The cap screw shear failure occurred on the 

Type I and Type IV isolators, while the lower rod-end bearing failure occurred 

on the Type III isolators. 

d. Test success criteria was obtained with the acquisition of sufficient 

test data to satisfy the test requirements. 

2. RECOMMENDATIONS 

a. It is recommended that the joint between the cap screws and the lower 

can stop be redesigned and made stronger. The redesign should include an 

increased shear-tensile area in the cap screws as well as stronger cap screws. 

b. It is recommended that the lower rod-end bearing be redesigned and made 

stronger, structurally. 

c. It is recommended that the isolators be refurbished at the two failure 

areas, and the hi.gher mode shock testing be repeated to prove isolator survival. 

22 
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Run no. 
or 

shot no. 

Spring rate 
No. 1 

Spring rate 
No. 2 

Twang test 
No. 1 

Twimg test 
No. 2 

Shot 172 

Shot 173 

Shot 174 

Twang test 
No. 3 

TwE1.ng test 
No. 4 

Shot 175 

Shot 176 

Shot 177 

Shot 178 

Shot 179 

Spring rate 
No. 1 

Spring rate 
No. 2 

APPENDIX I 

TEST LOG 

Date Configuration 

Type I 
20 Aug 68 S/N 0000026 

Type I 
21 Aug 68 S/N 0000026 

Type I 
6 Sep 68 S/N 0000026 

Type I 
10 Sep 68 S/N 0000026 

Type I 
1 Oct 68 S/N 0000026 

Type I 
1 Oct 68 S/N 0000026 

Type I 
1 Oct 68 S/N 0000026 

Type I 
2 Oct 68 S/N 0000026 

Type I 
2 Oct 68 S/N 0000026 

Type I 
2 Oct 68 S/N 0000026 

Type I 
3 Oct 68 S/N 0000026 

Type I 
3 Oct 68 S/N 0000026 

Type I 
4 Oct 68 S/N 0000026 

Type I 
4 Oct 68 S/N 0000026 

Type IV 
16 Oct 58 S/N 1 

Type IV 
17 Oct 68 S/N 1 

23 

Test condition 

Incremental static pulls to 7-1/2 
inches total 

Incremental static pulls to 7-1/2 
inches total 

3-1/4-inch pull-down then released 

3-1/4-inch pull-down then released 

Increment&! vertical Vl 

Incremental vertical V3 

Incremental vertical VS 

4-1 /2 - i ,1ch pull-down then released 

5-3/4-inch pull-down then released 

Incremental v~rtical V7.5 

Incremental vertical VB 

Incremental vertical Vl2 

Incremental vertical Vl2.75 

Incremental vertical V16 

Incremental static pulls to 6 
inches total 

Incremental static pulls to 6 
inches total 
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Run no. 
or 

shot no. 

Shot 216 

Shot 217 

Shot 229 

Shot 230 

.shot 231 

Shot 232 

Shot 233 

Shot 234 

Shot 235 

Shot 236 

Shot 237 

Spring rate 
No. 1 

Twang test 
No. 1 

Shot 238 

Shot 239 

Shot 240 

Shot 241 

Date 

15 Jan 69 

15 Jan 69 

24 Jan 69 

24 Jan 69 

27 Jan 69 

27 Jan 69 

28 Jan 69 

28 Jan 69 

28 Jan 69 

29 Jan 69 

29 Jan 69 

3 Feb 69 

6 Feb 69 

7 Feb 69 

7 Feb 69 

10 Feb 69 

11 Feb 69 

Configuration 

Type Ill 
S/N 1 

Type III 
S/N 1 

Type III 
S/N 1 

Type Ill 
S/N 1 

'J;ype III 
S/N 1 

Type III 
S/N 1 

Type III 
S/N 1 

Type Ill 
S/N 1 

Type Ill 
S/N 1 

Type III 
S/N 1 

Type III 
S/N 1 

Type III 
S/N 3 

Type III 
S/N 3 

Type III 
S/N 3 

Type III 
S/N 3 

Type III 
S/N 3 

Type III 
S/N 3 

26 

Test condition 

Incremental horizontal H3 

Incremental horizontal H4.5 

CD, V- V3, VVl 

CD, V- V3, VV2 

CD, V- V3, VV2 

CD, V- V3, VV3 

CD, V- VS.75, VVl 

CD, V- VS.75, VV2 

CD, V- VS.75, VV3 

CD, V- V9.5, VVl with solid 
hebht stop 

CD, V- V9.5, VV2 with solid 
height stop; isolator failed 

Incremental static pull to 6 
inches total 

4-inch pull-down then released 

CV, D- Vl00, V2.3 

CV, D- Vl00, V4.5 

CV, D- Vl0O, V7 

CV, D- Vl00, V7 
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Rtm no. 
or 

shot no. 

Shot 242 

Shot 243 

Shot 244 

Spring rate 
No. 1 

Twang test 
No. 1 

Shot 252 

Shot 253 

Shot 254 

Shot 255 

Shot 256 

Shot 257 

Shot 258 

Shot 267 

Shot 268 

Shot 269 

Shot 270 

Shot 271 

Date Configuration 

Type III 
11 Feb 69 S/N 3 

Type 111 
11 Feb 69 S/N 3 

Type III 
12 Feb 69 S/N 3 

Type III 
24 Feb 69 S/N 2 

Type III 
26 Feb 69 S/N 2 

Type III 
27 Feb 69 S/N 2 

Type III 
27 Feb 69 S/N 2 

Type III 
27 Feb 69 S/N 2 

Type III 
27 Feb 69 S/N 2 

Type III 
28 Feb 69 S/N 2 

Type III 
28 Feb 69 S/N 2 

Type 1-11 
28 Feb 69 S/N 2 

Type I 
12 Mar 69 S/N 3 

Type I 
12 Mar 69 S/N 3 

Type I 
12 Mar 69 S/N 3 

Type I 
12 Mar 69 S/N 3 

Type I 
13 Mar 69 S/N 3 

27 

Test condition 

CV, D- V200, VS,5 

CV, D- V200, V7 

CV, D- VlOO, VlO with solid 
height stop; isolator failed 

Incremental static pull to 6 
inches total 

4-1/16-inch pull-down then 
released 

Combined--H2, V2 

Combined--H3, V3.S 

Combined--H3, VS 

Combined--H3, VS 

Combined-HJ, VS 

Combined--H3, V7 

Combined--H4.5, VlO with solid 
height stop on VlO; iRolator failed 

CD, V- VS, VVl 

CD, V- VS, VV2 

CD, V- VS, VV3 

CD, V- V9.S, VVl with solid 
height stop 

CD, V- V9.S, VV2 with solid 
height stop 
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Run no. 
or 

shot no. 

Shot 272 

Spring rate 
No. 1 

Twang test 
No. 1 

Shot 273 

Shot 274 

Shot 275 

Spring rate 
No. 1 

Twang test 
No. 1 

Shot 276 

Shot 277 

Shot 278 

Shot 279 

Shot 280 

Shot 281 

Shot 282 

Shot 283 

Shot 284 

Date Conf i guration 

Type I 
13 Mar 69 S/N 3 

Type I 
17 Mar 69 S/N 4 

Type I 
18 Mar 69 S/N 4 

Type I 
19 Mar 69 S/N 4 

Type I 
19 Mar 69 S/N 4 

Type I 
19 Mar 69 S/N 4 

Type I 
21 Mar 69 S/N 2 

Type I 
24 Mar 69 S/N 2 

Type I 
24 Mar 69 S/N 2 

Type I 
24 ~iar 69 S/N 2 

Type I 
25 Mar 69 S/N 2 

Type I 
25 Mar 69 S/N 2 

Type I 
25 Mar 69 S/N 2 

Type IV 
2 Apr 69 S/N 4 

Type IV 
2 Apr 69 S/N 4 

Type IV 
2 Apr 69 S/N 4 

Type IV 
2 Apr 69 S/N 4 

28 

Test condition 

CD, V- V9. 5, VV3 with solid 
height stop; isolator failed 

Incremental static pull to 4 
inches total 

3-13/16-inch pull-down then 
released 

CV, D- VlOO, V2.3 

CV, D- VlOO, V6.5 

CV, D- VlOO, V9.75 with solid 
height stop; isolator failed 

Incremental st~tic pull to 4 
inches total 

3-3/16-inch pull-down then 
released 

Combined--H2, V3 

Combined--H2, VS 

Combined-H3, V7.5 

Combined--H3, V9.75 with solid 
hetght stop on V9.75 

Combined--H3, V9.75 with solid 
height stop on V9.75; isolator 
failed 

CD, V- VS, VVl 

CD, V- VS, VV2 

CD, V- VS, VV3 

CV, D- VlOO, V2.3 



AFSWC-TR-69-20 

Rt.m no. 
or 

shot no. 

Shot 285 

Shot 286 

Shot 287 

Shot 288 

Shot 289 

Shot 290 

Shot 291 

Shot 292 

Shot 293 

Shot 294 

Shot 295 

Shot 296 

Shot 297 

Shot 298 

Shot 299 

Spring rate 
No. 1 

Twang test 
No. 1 

Date Configuration 

Type IV 
3 Apr 69 S/N 4 

Type IV 
3 Apr 69 S/N 4 

Type IV 
4 Apr 69 S/N 4 

Type IV 
4 Apr 69 S/N 4 

Type IV 
7 Apr 69 S/N 4 

Type IV 
7 Apr 69 S/N 4 

Type IV 
7 Apr 69 S/N 4 

Type IV 
8 Apr 69 S/N 4 

Type IV 
8 Apr 69 S/N 4 

Type IV 
8 Apr 69 S/N 4 

Type IV 
8 Apr 69 S/N 4 

Type IV 
8 Apr 69 S/N 4 

Type JV 
8 Apr 69 S/N 4 

Type IV 
9 Apr 69 S/N 4 

Type IV 
9 Apr 69 S/N 4 

Type IV 
10 Apr 69 S/N 3 

Type IV 
11 Apr 69 S/N 3 

29 

Test condition 

CV, D- VlOO, V6 

CV, D- V200, V7 

CV, D- V200, V 7 

Combined--H2, V3 

Combined--H2, V3 

Combined--H2, VS 

Combined--RJ, V7.5 

CD, V- V9, VVl 

CD, V- V9, VV2 

CD, V- V9, VV3 

CV, D- VlOO, V9.25 with solid 
height stop 

CV, D- V200, V9.25 with solid 
height stop 

Combined--H3, V9.25 with solid 
height stop on V9.25 

Combined--H3, V9.25 with solid 
height stop on V9.25 

CD, V- Vll.5, VVl with solid 
height stop; isolator failed 

Incremental static pull to 4 
inches totaJ. 

2-5/8-inch pull-down then 
released 



AFSWC-TR-69-20 

RI.ID no. 
or 

shot no. 

Shot 300 

Shot 301 

Spring rate 
No. 1 

Twang test 
No. 1 

Shot 302 

Shot 303 

Shot 304 

Date Conf igurat i on 

Type IV 
11 Apr 69 S/N 3 

Type IV 
14 Apr 69 S/N 3 

Type IV 
17 Apr 69 S/N 2 

Type IV 
17 Apr 69 S/N 2 

Type IV 
17 Apr 69 S/N 2 

Type IV 
17 Apr 69 S/N 2 

Type IV 
17 Apr 69 S/N?. 
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Tes t condition 

CD, V- V9, VV2 

CV, D- V200, V9.25 with solid 
height stop; isolator failed 

Incremental static pull to 4 
inches total 

2-3/8-inch pull-down then 
released 

CD, V- V9, VV2 

CV, D- V200, V9.25 with solid 
height stop 

CD, V- Vll.5, VV2 with solid 
height stop; isolator failed 



AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type I 

S/N 0000026 

1140 lb 

APPENDIX II 

ISOLATOR TEST HISTORY 

Spring rate - K ~ 500 lb/in 

Twang test - f' =- l. 89 ~ps 

Incremental vertical--6 tests (Vl, V3, VS, V7.5, VS, and V12) 
plus 2 higher level shocks (Vl2. 75 and Vl6) 

Incremental horizontal--None 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--None 

None--six incremental vertical tes ts was extent of testing 

1-1/8 inches--pennanent set i n spring after twang test No. 2 

19/32 inch--additional pennanent set after seventh incremental 
vertical test (V12.75) 

1/32 inch--additional permanent set after last incremental 
vertical test (Vl6) 

Erroneous "can strain" data obtained during spring rate test 
No. 1 necessitated repeat of test. 

Additional twang tests were conducted to check out instr1dlle~ta­
tion and obtain the "clang-bang" mode of isolator excitation. 

Solid height sho ck actuator stops not installed for the incre­
mental shock tests. 

The shock test matrix, reference 2, was not available for shock 
tests. Criteria followed was preliminary information obtained 
before issuance of above document. 

ADDITIONAL DATA: None 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF. FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type I 

S/N 2 

1140 lb 

Spring rate - Ka 467 lb/in 

Twang test - f • 2.00 cps 

Incremental vertical--None 

Incremental horizontal--None 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--five tests (H2, V3; H2, VS; H3, 
V7.5; H3, V9.75; H3, V9.75) 

Fifth combined horizontal/vertical (H3, V 9.75) shock test. A 
solid height shock actuator stop was used on the vertical 
actuator during the failure run. 

The six 3/8-16 cap screws, which attach the lower can stop to 
the spring can, failed in shear through the thread area. 

1/16 inch--permanent set in spring after thi rd combined hori­
zontal/vertical test (H3, V7.5) 

3/16 inch--additional permanent set after fourth combined hori­
zontal/vertical test (H3, V9.75) 

The combined horizontal/vertical (H3, V9.75) test was repeated 
because of a low velocity input from the vertical actuator on 
the initial test. Spring solid height was not obtained during 
the initial test. Failure was not anticipated on the repeat 
run, therefore the isolator accelerometers were not removed. 
Three accelerometers, two on the rod bottom location and one 
on the rod top location, were lost on the failure run. 

ADDITIONAL DATA: A solid height shock actuator stop was installed for the 
vertical actuator on the last two tests (H3, V9.75). 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 

Type I 

S/N 3 

1140 lb 

Spring rate - K = 510 lb/in 

Twang test - f • 1.87 cps 

Incremental vertical--None 

Incremental horizc- · al--three tests (HZ, H3, H4.S) 

Constant displacement with variable velocity--six tests (VS, 
VVl; VS, VV2; VS, VV3; V9.S, VVl; V9.S, VV2, V9.S, VV3) 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--None 

Sixth variable velocity (V9.S, VV3) shock test. A solid height 
shock actuator stop was used during the failure run. 

The six 3/8-16 cap screws, which attach the lower retainer ring 
to the spring can (lower can stop), failed in shear through the 
thread area. 

13/16 inch--permanent set in spri ng after the spring rate test 

1/32 inch--additional pemanent set after third incremental 
horizontal test (H4.S) 

1/32 inch--additional pemanent set after first variable 
velocity test (VS, VVl) 

1/32 inch--additional permanent set after second variable 
velocity test (VS, VV2) 

11/16 inch--acditional permanent set after fourth variable 
velocity test (V9.S, VVl) 

3/32 inch--additional permanent set after fifth variable 
velocity test (V9.S, VV2) 

The six lower can stop cap screws showed indications of move­
ment and were displaced by approximately 1/64 inch after the 
fourth variable velocity test (V9.S, VVl). Additional dis­
placement was noted after the fifth variable velocity test 
(V9.S, VV2). 

TEST ANOMALIES: None 
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AFSWC-TR-69-20 

ADDITIONAL DATA: The cross-axis (A-MT-Zl) mass acce lerometer was out during the 
three incremental horizontal tests (H2, H3, H4.S). 

The spring solid height was obtained during the first two 
cycles on both the fourth and fifth variable velocity tests 
(V9.5, VVl; V9.5, VV2). 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type I 

S/N 4 

1140 lb 

Spring rate - K = 473 lb/in 

Twang test - f • 1.88 cps 

Incremental vertical--None 

Incremental horizontal--None 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--three tests (VlOO, 
V2.3; VlOO, V6.5; VlOO, V9.75) 

Combined horizontal/vertical--None 

Third variable displacement (VlOO, V9.75) shock test. A solid 
height shock actuator stop was used during the failure run. 

The six 3/8-16 cap screws, which attach the lower can stop to 
the spring can, failed in shear through the thread area. 

1/16 inch--permanent set in sp ring af ter the twang test. 

1/16 inch--additional permanent set after second variable dis­
placement test (VlOO, V6.5). 

Failure was not anticipated on the very first solid height run 
at the lower velocity, therefore the isolator accelerometers 
were not removed. Two accelerometers, lor.ated at the rod 
bottom were lost on the failure run. 

ADDITIONAL DATA: A solid hf•ight shock actuator stop was installed only for the 
last shoe~ test (VlOO, V9.75). 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type III 

S/N 0000023 

5830 lb 

Spring rate - K • 1808 lb/in 

Twang test - f • 1.67 cps 

Incremental vertical--seven tests (V2, V3.5, VS, VS, V7, VlO, 

VlO) 

Incremental horizontal--None 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--None 

Seventh incremental vertical (VlO) shock test. A solid height 

shock actuator stop was used during the failure run. 

Failed the rod-end bearing. 

3/16 inch--permanent set in spring after the spring rate test 

1/8 inch--additional pennanent set af ter twang test 

1/8 inch--additional permanent set after fifth incremental 

ve•rtical test (V7) 

1/8 inch--additional permanent set after sixth incremental 

vertical test (VlO) 

Noted severe paint chipping around the upper and lower can 

stop cap screws. The chipping indicates significant stop 

movement during the "clang-bang" mode of isolator excitation. 

A jammed explosive bolt washer caused an actuator malfunction 

during the third incremental vertical run. The run was repeated. 

ADDITIONAL DATA: All accelerometers, except the input and test mass locations, 

were removed for the solid height (VlO) runs. 

The mass vertical measuring accelerometer was lost during the 

failure run. 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type III 

S/N 1 

5830 lb 

Spring rate - K = 1905 lb/in 

Twang test - f • 1.75 cps 

Incrementa: vertical--None 

Incremental horizontal--three tests (H2, H3, H4.5) 

Constant displacement with variable velocity--nine tests (V3, 
VVl; V3, VV2; V3, VV2; V3, VV3; V5.75, VVl; V5.75, VV2; V5.75, 
VV3; V9.5, VVl; V9.5, VV2) 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--None 

Ninth variable velocity (V9.5, VV2) shock test. A solid height 
shock actuator stop was used during the failure run. 

Failed the rod-end bearing. 

1/16 inch--permanent set in spring after flrst twang test 

1/8 inch--additional permanent s et after eighth variable 
velocity test (V9.5, VVl) 

The twang test was repeated due to loss of the v~rtical 
measuring accelerO"leter on the initial twang test. The 
replacement accelerometer was lost on the repeat test. 

The variable velocity (V3, VV2) shock test was repeated due to 
bad oscillations and a delayed deceleration phase on the initial 
test 

ADDITIONAL DATA: A solid height shock actuator stop was installed for the last 
two shock tests (V9.5, VVl; V9.5, VV2). 

The spring solid height was obtained during the last two shock 
tests (V9.5, VVl; V9.5, VV2). 

All accelerometers, except the input and test mass locations, 
were removed for the last test. 
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AFSWC-TR-69- 20 

ISOLATOR: 

SERI AL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type III 

S/N 2 

5830 l b 

Spring rate - Ks 2075 lb/i n 

Twang test - f • l.77 cps 

Incremental vertical- -None 

Incremental horizontal--None 

-.. 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--None 

Combined horizontal/vertical--seven tests (H2, V2; H3, V3.5; 
H3, VS; H3, VS; H3, VS; H3, V7, H4.5, VlO) 

Seventh combined horizontal/vertical (H4.5, VlO) shock test. 

A solid height shock actuator stop was used on the vertical 
actuator during the failure run. 

Failed the rod-end bearing. 

1/16 inch--permanent set in spring a f t er the twang test 

1/ 4 inch--additional permanent set after six th combi ned hori­
zontal/vertical test (H3, V7) 

Noted strain on rod-end bearing after the sixth combined hori­
zontal/vertical test (H3, V7) 

High internal friction caused by oversize upper spring plate 
and oversize outer compress ion spring rubbing against can 
inner, wall. 

The combined horizontal/vertical (H3, V;) was repeated two 
times due to a mal f un ctioned explosive bolt at the horizontal 

actuator on the first attempt and a malfunctioned explosive 
bolt at the ver ti cal actuator on th e second attempt. 

ADDITIONAL DATA: A soli d height shock actuator stop was installed for the 
vertical actuator on the last test (H4.5, VlO) only. 

All accelerometers, except the input and the test mass loca­
tions, were removed for the last test. 

38 



AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type III 

S/N 3 

5830 lb 

Spring rate - K = 1925 lb/in 

Twang test - f • 1.71 cps 

Incremental vertical--None 

Incremental horizontal--None 

Constant displacement with variable velocity--None 

Constant velocity with variable displacement--seven tests 
(VlOO, V2.3; VlOO, V4.5; VlOO, V7; VlOO, V7; V2 00, V5.5; V200, 
V7; VlOO, VlO) 

Combined horizontal/vertical--None 

Seventh variable displacement (VlOO, VlO) shock test. A solid 
height shock actuator stop was used during the failure run. 

Failed the rod-end bearing. 

1/32 inch--permanent set in spring a fter spring rate test 

1/16 inch--additional permanent set after second twang test 

1/16 inch--additional pern,anent set after sec,...-, d variable 
displacement test (VlOO, \' 1, . 5) 

1/16 inch--additional permanent set after third variable 
displacement test (VlOO, V7) 

1/16 inch--additional permanent set after fourth variable 
displacement test (VlOO, V7) 

Noted strain on rod-end bearing after fifth variable displace­
ment test (200, V5.S). Additional strain was noted on the 
very next test and last test before failure occurred (V200, V7). 

The twang test was repeated to verify high-magnitude and high­
frequency acceleration recorded readings taken at the can-top 
location. These readings were re corded on an oscilloscope 
trace. 

The variable displacement (VlOO, V7) shock test was repeated 
because of a low velocity input on the i nitial test 
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AFSWC-TR-69-20 

ADDITIONAL DATA: A solid height shock actuator stop was installed for the last 
shock test (VlOO, VlO) only. 

The spring solid height was obtained during the fourth (VlOO, 
V7) and sixth (V200, V7) shock tests. 

All accelerometers, except the input and test mass locations, 
were removed for the last test. 

The order of magnitude for the parallel oscilloscope accelera­
tion readings at the can-top locati.on was approximately 2-1/2 
times that of the standard recording. The frequency range was 
in the order of 5,000 to 10,000 cps. 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HI STORY: 

SHOCK: 

FAILURE RUN: 

DETERIORATION 
DURING TES ·rs: 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type IV 

S/N 1 

1055 lb 

Spring rate - K = 770 lb/in 

Twang test - f • 2.53 cps 

Incremental vertical--seven te r. ts (V3, V3, VS, V7.S, V9, Vl2, 
V12) plus two highe r level sho cks (V13, VlS) 

Incremental horizont al-- None 

Constant displacement with variable velocity--None 

Constant velo city with variable dis placement--None 

Combined horizontal/vertical--None 

None--seven incremental vertical tests was the extent: of 
testing. 

3/16 inch--permanent set in spring after sixth incremental 
vertical test (first Vl2) 

Erroneous "can strain" dat a obtaine d during spring rate tt•-. t 
No. 1. Two SO percent load cycl es ( third pull-down) were 
conducted to exercise the strain gages before spring rate test 
No. 2. 

Mass displacement data dropout occurred during twang test No. 1; 
the test was repeated. 

ADDITIONAL DATA: An additional spring rate test was performed on the isolator 
to obtain the spring solid height. A distance of 8-1/16 inches 
to solid height was obtained. Measurement was between the 
mating surfaces of the lower spring plate and the lower rod 
stop. New load calibrations were obtained for the s~rain loca­
tion on the can from this test. 

Solid heigh t shock actuator stops were installed for the last 
three (Vl2, Vl3, VlS) shock tests. 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
lJURING TESTS: 

TEST ARTICLE OR 

Type IV 

S/N 2 

1055 lb 

Spring rate - K = 767 lb/in 

Twang test - f • 2.60 cps 

Incremental vertical--None 

Incremental horizontal--None 

Constant displacement with variable velocity--two tests (V9, 
VV2; Vll.5, VV2) 

Constant velocity with variable displacement·--one test (V200, 
V9.25) 

Combined horizontal/vertical--None 

Second constant displacement (Vll.5, VV2) shock test. A solid 
height shock actuator stop was used during the failure rtm. 

The six 3/8-16 cap screws, which attach the lower can stop to 
the spring can, failed in shear through the thread area. 

1/16 inch--permanent set in spring af ter the twang test 

3/16 inch--additional permanent set after first variable 
velocity test (V9, VV2) 

1/16 inch--additional permanent set after the variable dis­
placement test (V200, V9.25) 

TEST ANOMALIES: None 

ADDITIONAL DATA: A solid height shock actuator stop was used for the last two 
shock tests (V200, V9.25; Vll.S, VV2). 

Only the input and the test mass accelerometers were used 
during the twang and shock tests. 

The spring solid height was obtained during the first cycle 
of both shock tests (V9, VV2; V200, V9.2S). 
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AFSWC-TR-69-20 

ISOLATOR: 

SERIAL NO: 

TEST WEIGHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS: 

TEST ARTICLE OR 

Type IV 

1055 lb 

Spring rate - K = 753 lb/in 

Twang test - f s 2.53 cps 

Incremental vertical--None 

Incremental horizontal--None 

Constant displacement with variable velocity--one test (V9, VV2) 

Constant velocity with variable displacement--one test (V200, 
V9. 25) 

Combined horizontal/vertical--None 

First constant velocity (V200, V9.25) shock test. A solid 
height shock actuator stop was used duLing the failure rtm. 

The six 3/8-16 cap screws, which attach the lower can stop to 
the spring can, failed in shear through the thread area. 

1/4 inch--Permanent set in sprin after first constant 
displacement test (V9, VV2) 

TEST ANOMALIES: None 

ADDITIONAL DATA: A solid height shock actuator stop was used for both of the 
shock tests (V9, vv2: V200, V9.25). 

Only the input and the test mass accelerometers were used 
during the twang and shock tests. 

The spring solid height was obtained during the first cycle of 
the variable veloci ty test (V9, VV2). 
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AFSWC-TR-69-20 

I SOLATOR: 

SERIAL NO: 

TEST WEI GHT: 

TEST HISTORY: 

SHOCK: 

FAILURE RUN: 

DESCRIPTION 
OF FAILURE: 

DETERIORATION 
DURING TESTS : 

TEST ARTICLE OR 
TEST ANOMALIES: 

Type I V 

S/N 4 

1055 l b 

Spring rat e - K = 794 lb/in 

Twang test - fr. 2.44 cps 

Incr emental vertical--None 

Incremental horizontal--three tests (H2 , H3, H4.S) 

Constant displacement with variable velocity--seven tests (VS, 
VVl; VS, VV2; VS, VV3; V9, VVl; V9, VV2; V9, VV3; Vll.S, VVl) 

Constant velocity with variable displacernent--six tests (VlOO, 
V2.3; VlOO, V6; V200, V7; V200, V7; VlOO, V9.25; V200, V9.25) 

Combined horizontal/vertical--six tests (H2, V3; H2, V3; H2, 
VS; H3, V7.5; H3, V9.2S; H3, V9.25) 

Seven th variable velocity (Vll.5, VVl) shock test. A solid 
heig t shock actuator stop was used during the failure run. 

The six 3/8-16 cap screws, which attach the lower can stop to 
the spring can, failed in shear through the thread area. 

1/16 inch--permanent set in spring af ter thi rd variable 
velocity test (VS, VV3) 

1/16 inch--additional permanent set after third variable 
displacement test (V200, v~) 

1/16 inch--additional permanent set after fourth variable 
velocity test (V9, VVl) 

Noted paint chipping around lower can stop cap screws after 
fifth variable velocity test (V9, VV2) 

Some data channels were not recorded during the initial twang 
test due to dirty heads on the tape recorder. The twang test 
was repeated. 

The variable displacement (V200, V7) sho ck test was repeated 
due to an error on initial total stroke setup of 8 inches 
instead of 7 i nches. 

The combined horizontal/vertical (H2, V3) shock test was 
repeated due to an error on initial horizontal total stroke 
setup of 3 inches instead of 2 inches. 
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AFSWC-TR-69-20 

The combined horizontal/vertical (H3, V9.25) shock test was 
repeated due to an explosive bolt misfire on the horizontal 
actuator. 

ADDITIONAL DATA: A solid height shock actuator stop was installed in the 
vertical actuator for tests which had a vertical stroke of 
9.25 inches or above. 

The spring solid height was obtained during the last seven 
shock tests (V9, VV2; V9, VV3; VlOO, V9.25; V200, V9.25; H3, 
V9.25; H3, V9.25; Vll.5, VVl). 

All accelerometers, except the input and test mass locations, 
were removed for the last five tests (VlOO, V9.25; V200, V9.25; 
H3, V9,25; H3 , V9,25; Vll.5, VVl). 
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AFSWC-TR- 69-20 

APPENDIX III 

LER ISOLATOR DIMENSIONS 

r 
6 

--~ 
L 

t E 'o A 

' l --

Post-test inspection Qr as otherwise noted. 

T>:ee I Tyee III TyEe IV 

Sym-
Serial No. Serial No. Serial No. 

bcl 26 2 3 4 23 1 2 3 1 2 3 4 

2i3 2111 2111 211 2J; 23 3 2J; 2~ 2~ 2~· 2e>U A 16 16 16 4 8 23ft 8 16 16 16 16 

1) 3 11 5 5 7 9 1 3 1 3 1 
8 32 16 8 16 16 2 8 2 8 2 

B 

2) 1.ll. N.A. N.A. N.A. 11 7 5 5 1 N.A. N.A. N.A. 
16 fail . fail fail 16 16 8 8 2 fail fail fail 

3) 1-!. 0 3 0 0 0 0 0 0 0 0 0 
4 4 

C 4) 4 ].;! 5 2.! 21 21 2.! 9 1 7 1.! 5 
116 216 2 4 8 2 216 8 4 116 

5) 
1 

8t6 

1 22.! 1 3 23? 9 23? 5 21.! 3 3 21.! D 22t6 8 2216 2216 8 2216 8 23tg- 8 2116 2116 4 

1 5 1~ 5 21 21 21 21 1<J. 5 1<J. 5 
E 1932 20f6 2 20f6 4 1916 4 1916 

F 
1 1 1 1 3 3 3 3 1 1 1 1 
2 2 2 2 4 4 4 4 2 2 2 2 

F' 1 1 1 1 3 3 3 3 1 1 1 1 
2 2 2 2 4 4 4 4 2 2 2 2 .. 
3 3 3 3 1 ½ 1 1 5 5 64 5 

G 616 6t6" 6f6 6f6 5f6 8 5f6 5f6 6f6 6tr 8 6rr 

Outer 15 16 16 16 9 9 9 9 13 13 13 13 
N 6.) 
Inner 14 14 14- 14 
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1) Pretest measurement 

2) Post-test measurement 

3) Measured with isolator unloaded 

4) Measured with isolator loaded with test mass 

5) Measured with spring compressed to solid height 

6) Number of coils (including pa tial coils) 

47 



AFSWC-TR-69-2O 

REFERENCES 

1. Krek, F. T., Program Plan Wing I, LER Single Isolator Shock Tests, 133A 
Minuteman, AFSWC, May 1968, revised July 1968. 

2. Tirman, C. J., Revision No. 4--AFSWC Single Isolator Shock Test, TRW roe 
68-3343.2-189, October 11, 1968. 

3. Tirman, C. J., Tolerance on lmput Pulses for AFSWC LER Shock Isolator Tests, 
TRW Memo 68-3343.2-222, December 9,1968. 

48 



UNCLASSlFIED 
Security Classification 

DOCUMENT CONTROL DAT A • R & D 
(Sec uri ty deu lflc etlo n o f title, body o( eb s tre c l end l nde 1t ln, annotation m ust be entered when th• o.,.t•II ••-•t I• c/eae/1/ed) 

1. OR I GINATI NG AC TI VITY (Corpora te author) 2e, RE P ORT SECURITY CLASSI ... ICATJON 

Air Force Special Weapons Center (SWVIC) UNCLASSIFIED 
Kirtland Air Force Base, New Mexico 87117 2b , GROUP 

3 . REPOR T T ITLE .. ' 

WING I , LER SINGLE ISOLATOR SHOCK TESTS; INTERIM REPORT 

• . DESCR t P ·r1 VE NO T ES ( Typ• o ( report end lnc/ual ve date•) 

March 1968-April 1969 
&, A U THOR ISI ( Firs t name, m i ddle In/lie/, l••t name) 

Frank T. Krek 

8 - REPORT DA T E 7a. TOTAL NO . O F PAGES rb. NO . 0" ;llFS 

November 1969 56 
le. CONTRACT OR GRANT NO . tie , ORIGINAT O R'S "'EPO"'T NU,..IIER(SI 

b , PROJECT NO . 133BCR AFSWC-TR-69-2O 

C , lib . OTHE"' "'EPORT NO(SI (Any other"'.,,..,.,,..,_,.,.. ••• ,,,,,.d 
th/• report) 

d. 

" 10 . DISTRIBUT I ON ST ATE,..ENT This document is subject to special export controls and each 
transmittal to foreign governments or foreign nationals may be made only with prior 
approval of AFSWC (SWVIC), Kirtland AFR, NM, 87117. Distribution is limited because 
of the technology discussed in the report. 

11 . SUPPLEMENTARY NOTES 12 . SPONSO R ING M I L ITARY ACTIVITY 

AFSWC (SWVIC) 
Ki rtland AFB, NM 87117 

13 . ABSTRACT 

(Distribution Limitation Statement No. 2) 
' The summary data and results of tests perfonned on Minuteman Wing I Launcher Equip-
ment Room (LER) Shock Isolators are presented in this report. The testing was per-
formed by the Air Force Special Weapons Center at the request of Space and Missile 
Systems Organization (SAMSO). Single isolator displacement tests and single isolator 
shock tests were performed. The tests were conducted to determine the threshold of 
failure and the mode of failure for the LER isolator as the result of a shock loading 
condition or any other loading. The test results indicated a need for a number of 
improvements in the original design. Test data sUDDDary results, notation of observa-
tions made during testing, and other pertinent information are presented. 

) -

UNCLASSIFIED 
Security Classification 



UNCLASSIFIED 
Security Cln■ lflc■ tlon 

' •. LINK A L I NK ■ LINK C 
K llY wo .. 01 

,.OLE WT .. 0 Lil WT ,.OLE WT 

LER shock isolator 
Minuteman Launcher Equipment Room 
Shock testing 
Seismic impulse facility 
Static characteristics 
Dynamic characteristics 

I 

I 

UNCLASSIFIED 
Security ClassiUc■ tlon 



AFSWC-TR-69-20 

This page intentionally left blank. 

.., 

so 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056

