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ABSTRACT

The BPH (Bump Protection Hat), P/N 793-102, S/N 100L, was subjected to impact
testing in accordance with QIP-72-1037, Qualification Test Procedure, and
GE-TPS-C-010. The BPH underwent three impacts at 35 foot-pounds of energy.
The impacts generated gtress cracks, but no penetration. All impacts resulted
in deflectiocns of less than one-half inch.

The BPH successfully passed the testing and is considered %o be qualified fgr_r

”Skylab and the Rescue Vehicle.
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INTRODUCTION

In accordance with QTP-T72- l026 Qualification Test Plan for Skylab
TOEO/M509 Head .Protective Assembly, the only test required to qualify -
the assembly is to perform impact testing on the BPH (Bump Protection
Hat). This report documents the performance of the required impact
test. ‘

Testing was performed in accordance with QIP-72-1037, Impact‘Teet

GQualification Test Procedure for the BPH (see Appendix A), Testing
was performed on GE-TPS-C-010 (Appendix B}. One.deviation was made

te the test procedure. figure 3 of the test procedure called for impacts

to be performed on one side, the front, and the back of the helmet.
The actual impacts were performed on one side, the front, and the top

- of the helmet. The top was impacted instead of the back for two.

reasons: (1)} It was felt that a top impact would be more realistic
than a back impact. (2} The test facility would have to be modified

‘to perform a back 1mpact

Tesﬁlng was performed on the side and top of the helmet on October 30,
1972. The pendulum then had to be modified in order to perform the
front lmpact Front impact was performed November 16, 1972,

TEST APPARATUS

The ftest equipment is shown in Figures 1 and 2 of the test procedure
(Appendix A}, Photographs number 1, L, and 8 of Appendix C show the
test setup for the three impacts performed The stop watch used during
testing was not calibrated, as indicated on the Test Summary Sheet
(Attachment A‘ of QTP 72~ 1037)

PROCEDURE

Test procedures were according to QIP-72-1037 (Appendlx A) and GE-TPS~-C-010

(Appendix B).

RESULTS

All three impacts caused stress cracks on the outside of the EFH. The
side impact also caused stress cracks on the inside of the BPH. There
were no stress cracks on the inside of the BPH for the top and front
impacts. Analysis of the side impact cracks showed that the outside
stress cracks were not the same as the ingide cracks, hence, there was
no penetration of the helmet. All cracks were acceptable accordlng to

- the pass- fall criteria of QTP-72-1026.
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RESULTS (Continued)

- Analy31s of the high-speed lem for shell deflectlon showed the

follow1ng results for the three impacts:

a. Slde Impact - Less. than 3/8" deflectlon though the exact amount
could not be determlned ’

b. Top Impact ~ Approximetelylg/B” deflection.

¢. Front Impact - Iesgs than é" deflection though the exact amount
~could not be determined hecause the lmpact was a glanc1ng blow

Max1mum allowable deflectlon wag % . All three deflectlons were within

the allowable amount B o Co

‘One DR was generated at post test on the stress cracks (Appendlx B)

No FIAR 5 were generated The DR is closed.

CONCLUSIONS

All three impacts successfully passed the test from the standp01nt of
both craclks and deflectlon ‘ ,

Tt was agreed by the Test Conductor, Technical Moniter, and NASA Quality
Contirol that the stop watch not being calibrated was no problem.

Stop watches are normally not calibrated for such tests. Human reflex
error is a much more 31gn1f1cant factor in t1m1ng the perlod of
os01llat10n :

The top of the helmet being 1mpacted 1nstead of the back is con51dered

: valld for the follOW1ng reasons:

1. A top impsct is much more'likely'than a Back impaCt.l

2. It was originally not reguired to impact the top. Tt was agreed

by the test parties that a top impact is desirable,

3. The back area of the helmet is similar ﬁo-the front area,-which wa.s
impacted.-

4. BSide impact is the most severe since there is no liner in the
1mpacted area to absorb part of the energy

The RBPH successfully completed quallflcatlon testing for Skylab and
Rescue Vehicle.
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This docﬁmént ﬂetall the procadurn for uubJeotJng the BPH (Bump
Protection Hat) tc impact tes ting according tc QTP-72-1026, Qualifi-

‘cation Test Plan for Skylab TOQO/M509 Head Protective'Assembly.

PURFOSE

The purpose of the' tost ig to dctc,rmme the qhock absorbmg character-
istics of the BPH when meactpd with a fixed hemispherically shaped
anvil. The impact shall be at 12 ft./o&( with a mass of 0.48 slugs,
accerding to QTP-772-1026, or an cquivalent energy of 3% foot pounds.

- High specd photography shall be used ho détermine the shell deflection

during impact.

APPLICATION

Any discrepancies, deILLultlcs, replacen@hﬁ of components,. deviations
from procedures, cbe., ocxperienced during the test shall be doecumented

con the Test Summary Sheet (Attachment A). The Test Condugtor and the
- MSC Inspector shall sipn the Test § Summary Sheet. Any DR's or FIAR's

generated. gshall be written in accordance with paragraph 5.6.2 of
QTP-72-1026. Deviabions from proaedure shall be indicated on the Test
Data Sheet (Attarhment B) :

REQUIREMENTS AND ' TEST PREPARATTONS

TEST BQUIPMFNT AND FACILITY REQUIREMLNTS

The test will be conducted by the special projects laboratory of the
Crew Systems Division's Material Development Secticn. The test
apparatus shall be a pcndulum and wooden mannequln head azsembly as
shown in photograph L. '

The test article shall be one Famp Protection Hatl, P/N f)j 102, l

- 8/N LOCL.

Support equipment shall include the following:

Item o - Part No. , Specification
Communications Carriorl 16530G-03 or -0Ob o Olass TII

Camern . o ' -= a | - Loo f‘fame-:s/sec. |
Stop Watch ‘ .- ' | Calibrated

Grid _ o e . - 4" squares or less
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TEST BRUIPMENT VALIDATION

Prior to start of the test, a receiving inspectioh shalil be per formed
on the BPH to assure no damage. The camera and stop watch shall be
verifiad to be calibrated and functioning properly. :

SAVETY PRECAUTTONS AND.SFECTAL HANDLING

There are no special'saﬂety praecanticns invelved in this tesﬁ. Caution
ghould be. exercised while handling the BPH, camera, and stop watch to

prevent damage to the hardware.

TEST SETUP

The *test équipment_shall be seb up as shown in Figures 1 and 2. The
Communications Carrier shall be placed on the mannequin head and the-

BPH strapped over the Communications Carrier.

NOTE:‘”Adjust.theﬂBPH suspension gystem o the mannequin head size,

TEST SETUP VALIDATION

The'MSC Inspector shall verify proper test setup and stamp the Tést
Data Sheet accordingly, pricr {o commerncing test.

TEST PROCEDURE

‘Prepare pendulum and wooden head assembly per Figures 1 and‘é.'-

Suspend the impact head with the BPH and Communications Carrier mounted
as a pendulum, and determine the period of oscillation. Debermine
period by swinging the pendulum through an arc of < 69 and timing the
period through 10 oscillations, using the stop watch to bime.

' Caleulate the center of pegcussion of the impact assembly by the

following formula: L = gt=/(24r)® where L is the length from the
pivot point to center of percussion, g is acceleration due to gravity,
and t is the period of oscillation of the pendulum. (See Figure 1.)
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Wengh and record we:ght of the- Jmpact asuembly wlth the BPH and

Communzcatlon; Carrier mounted on tha head

CalcuLate the rﬂlcaJe dnElP TCQUl“Od iox a 3; foot pound Jmpact by

'_the foLLowung formulas:

. a. B = : mgh where m is the mass of the meact asuembly, g 1s tha

-accelaration due to gravity, and h- 1 the vert]cal helght when the
(rntor of percu 91on is raised.

b,ngm'z Ccos. —.(L—h)'Where L and h are defizied in 5.3 and 5.5 respectively.

u,lOfientfthe:impapt aséémbly-Such that region 1 .of Tigure 3 will be impacted.

Puil imbact_aSéembly back.té'the desiréd.release angle as calculated

_in step 5.5,
.‘Begln Countdown of 5*h 32 ~l - Release, Turﬁ camera on.at count: of 2.

.‘Impact helmsét. Do not let helﬁet'strike the anvil more than once.

gtop camera.

Orlcnt the 1mpact assembly such that region 2 of Figure 3 will be
impacted : : L

Repeat steps 5.7 through 5.9.

Orient the impact asscubly such that region 3 of Figure 3 will be

impactad.

Repeat.steps 5.7 through 5.9.

-"Remove the BPH and ins pect for daﬁdge Pass-Tall criteria for the BPH

i defined in paragraph ©. ).2 2.3 of QTP- 72 10“6
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Atbachment A

TEST SUMMARY SHEET
' FOR
IMPACT TEST OF BUMP PROTECTION HAT

1. Test Hardware P/N .7"? S /22

Test —Hardwar'e s/ - Y w-yi S .{-;’%‘.{

Date Test Per.f‘c\?med-l SO /3::- /7 a
2. Indicate T_ést Procedure deviations below: .
@ St Watch wet cx/ibrated. Q;?/
' A
A AEiiéiffP\_ fgh’ﬁs- G _ﬁza;ﬂ : E? 'fﬁeyﬁstHAJK 15 7
. : - . . )
< fof of  hel of ‘g e (s TPs 5%
6 A --TPJ“-C--CJ/‘(;) ' ' - : <

3. Indicate DR's generated during test below: 7
A/HSF\h-OG,O ' \/z//é/'?z., @
o : i
h. Indicate FIAR's generated.duri-ng test below: : R
. ' _ R
MNone o : e : OEPROD
. ‘ : P i

3, Additional l‘best data information:

| 5 g L
Mene. | B OR

6. With the exceptions noted above, the test was successfully performed
according to the procedures of QTP-72-1037, Impact Test Qualification
Test Procedure for Skylab Bump Protection Hat.

DR Wills wfpopn Jord2 e,

est Conductor ! - MSC Qualiﬁv Inspector
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JEST DATA SHEET Attachment B

Farm %D a7y

LT3 ) . LU ™) WOMENCL A TURE baty .
Qual Tegt Procedure Bump Protection Hat , /ﬂégéb/7:L’
. PaAnt . . REv .
' 793100 ) |
FELET I T ) HeRlAL g : . ] . P
gIP-72-1037 - 1001 , Poos | of 1 Popesr
PARA i PROCEDURE JTECH .ms‘P ﬁASA .
4.27 ' Receiving Inspectidén berformed on Bpj, | S
- {Condition satisfactorym : ' B —
BPH P/N 2.70 ) A
BPH S/N 5w |
4.2 ¢ Support equipment calibrated and Funectioning .
B Properly.
k.5 Test setup verifieq proper,
5,5 Period of oscillatioﬂ‘détermined.' Period ig
T ol s T Seconds,
5.3 [ Center or percﬁsSionfdetermihed. L is.
e 1. .85 of S iy S ,
5.4 Weight of impactrassEhblynié S, .25 _Ibs. |
' ‘including BPH, Communication Carrier, :
5.5 ;Releasg Angle = X z L dégrees.
5.6 BPH ofiéhted'for.region 1.
5.9 BPH impacted for region 1,
5.10 BPH oriénted for region 2. Ac 5qm¢¢i¥ﬂzg . ; =
. : : : . ‘ 4., o A%
- 5,11 BPFH impacted for region 2. -e*s‘fr?f” < o4 5 251
5.12 ' BPE oriented for region 3. -
5.13 BPH impacted region 3.
5.14 ‘BPH inspected for damage ., Record any pris : )
generated at Post-Tesgt here, * ' o Ay :
. - f. b # ’ o . / / : ¥ “! E
DRZ NASR =060 11 /00 /oo o
-.Record any FIAR's generated at Post-Test here, ¥
. Sy
onle
: 4;======an=annnn=?=;==r



T ET  - - Attachment B

e ¥ #uD 1T am nomENCLATURE : . vark -
Qual Test Procedure _] Bump Protection Hat - : [{/OG}L7?>“
. . ant R L14§
HOCYALNT HUMAER oA ug - E ] ] P 'P
, QIP-72-1037 1001 Poge ] ol 7 Pages
_PARA | PROCEDURE [recu finse | uasa
L.o | Receiving Inspection performed on BPH,
Condition satlsfactory
" BPH  P/N 7‘7?*/0&“
BFH S/N : /og! :
h;é Suprort . equlpment callbrated and fUnotlonlng
properly '
4.5 Test setup verlfled proper
5.2 . Perlod of OSC1llat10n determlne& Period is
' 2.4 ‘seéonds
513 _ Center of'percuSSion détermined. L is
Lo ; 195' '+,
5.4 Weight of 1mpa.c:t assembly is /j 25 1bs. 4
,1ncluﬁlng BPH, Communication Carrler
5.5 Release Angie = ';S_é? degrees.
5.6 "BPH orlented for region 1.
5.9 "BPH impacted for region 1.
5,10 BPIl oriented for region 2. .
5.11 BPH impacted for region'2. o |
5,12 . BPH ofiented'for region 3.'12¢§ggg1?;1 of? N ' i e ﬁg/: :
| g, 3 {7/
5.}3 BPH 1mpacted region 3. | rq~5~ J ¥lesy 3
5.14% BPH 1n5pected for. damage Record any DR’ '8 N
generated at Post-Test here, A ‘
IR p/As A - 060 ////4,/77» s
Mol & R
-Record any FIAR's generated at Post Test heré. S
Mo me ‘

- Form &S0 a7y
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PHOTOGRAPH DESCRIPTIONS BY NUMERR

Test Setup.for Side Impact -

Side Impact Viewed from‘outsidg helmet

_Side impact viewed from ingide hélmet

Test setup for top impact _

Top of helmet viewsd prior o Jmpact

Top cf helmet aftPr impact (mapnlflcd 3 tlmLS)

Top inside of helmet after 1mpact

Test setup for front impact

Front of helmef viewed prior to impact
Front of helmet after impact

Front inside 6f&helmet,after impact -

NOTE: ALl high-speed film taken %o deterhine-deflecﬁion is in file at

General Electric.
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