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OUTPUT TESTS  OF DRIVE«,   EXPLOSIVE 
|| BELLOWS   m  15  Mod 0 

Prepared by: 
Sherman L. Min 

ABSTRACT: Force-displacement curves for the Mk 15 explosive 
driver were determined by measurement in a test fixture simu- 
lating a particular ordnance application. One hundred units 
were tested and variability of output was determined. The 
variability and shape of the force-displacement curves indicate 
the importance of close control of initial positioning of the 
driver relative to the parts it operates in such an application 
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OUTPUT TESTS OP DRIVER, EXPLOSIVE BELLOWS £Oe 13 Mod 0 

This report presents the results of tests providing character- 
istic data on the Driver, Explosive Bellows Mk 15 Mod 0 which 
should be of general use to design engineers. The specific 
work was required in connection with the employment of this 
driver in the unlocking device for the POLARIS Mk 2 APD and 
was performed under Task No. NOL klj  S/P from the Special 
Pr J*.o: Office, The opinions and judgments expressed are those 
of tu« Axr ana Surface Mechanical Engineering Department. 

* J. A. DARE 
Captain, USN 
Commander 

(k.  H. ARMSTR0N($ 
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INTRODUCTION 

1. Failures In the decelerometer unlock of the POLARIS I4k 2 
Arming and Fuzinc Device (AFD) resulted in the work described 
herein. Additional gap-test failures (gap between the driver 
and a paddle-shaped arm of the unlocking device) found at 
the Naval Ordnance Laboratory, White Oak (NOL(WO) have indicated 
the need for more information on the driver output. Tests 
showed that the existence of a .010" or larger gap caused 
failures. In order to assure that a single driver has the 
capability of unlocking the decelerometer, the performance 
of the driver was investigated and the output test was developed. 

2. Hercules Powder Company, contractor for the subject driver, 
presented a test method where a linear driver output was 
measured without the frictional force which is encountered in 
the unlocking device. Although this method should give useful 
data, it does not solve the gap problem mentioned above. 

3. The test fixture shown in Figure 1 gives data for a plqt 
of torque vs angular displacement of the driver in a simulated 
unlocking device, Figure k.    This plot, with the superimposed 
decelerometer-unlock operational curve, defines the maximum 
allowable gap between the driver and the paddle in the unlock. 
Consequently, the graph indicates the torque required of the 
driver to assure reliable operation. 

THEORETICAL ANALYSIS 

4. The output of the driver, as a function of its angular 
displacement, can be determined by actuating it against a 
constant load. This load should be sensed by the driver. • 
constantly whether it is in motion or at rest. This constant 
load was obtained by using a ''negator" spring which gives a 
noncumulated force at any length of the spring. The system was 
proved to be stable by using a high-speed movie camera. 

5. Based on the assumption that the force, F., produced by a 
driver is always normal to the paddle, the system shown in 
Figure 1 can be represented by a simple free-body diagram as 
shown below. 

Ufr Li.... ^.-^-^.^—•^^^•,.- «.,.-.. ._-._.,. ... .. ..^...^ 
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Force P is the normal component of the spring force F^ arKj 
9 is the angular displacement caused by the driver'. Lengths 
1^ and 12 are the moment arms for the driver and the spring 
respectively. Length 1^ is four times greater than 1, to 
allow a smaller spring force and easier assembly. Whin the 
system is in equilibrium, after driver actuation, the torque T 
created by the driver is equal to that of the spring. It 
follows: 

T *tfR, «*,F, (1) 

Prom Appendix A, equation (l) becomes 

T = Jf,F.C^f 175* +-f--5.« _ Sm(AtaK) 

074 
U) 

Thus, torqueTcan be computed from equation (2) or it can be 
determined by a torque wrench with respect to 0 • 

6. In order to analyze the effect caused by the gap between 
the driver and the paddle in the unlock, the angular displacement 
has been converted to linear displacement along its curved path 
as shown in Appendix C. Prior to the work described in this 
report, a maximum gap of .1^5" could exist in the unlock. The 
latest revision to the unlock specification allows a maximum 
gap of •035"• A theoretical plot with respect to these two 
gaps indicates the reliability of the driver. 

PROCEDURE 

7. One-hundred drivers were serialized and their bridge-wire 
resistances and Insulation resistances were recorded. These 
values were within the specification (WS 1905). The specimens 
were then subjected to x-ray examination. No defects were 
found and the specimens were ready for the output test. 

8. The test driver was placed in the test fixture in such a 
way that the front end of the driver was in contact with the 
paddle. A negator spring with a known spring force was attached 
to the other end of the paddle. Five different values of 
spring force were used and twenty drivers were subjected to each 
spring force. Thus, each spring force determined a point on the 
output curve. 

^ •--••-• 
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9. An electrical signal of 4 volts d.c. with one millisecond 
pulse was used to fire the drivers in accordance with WS 1905F, 
paragraph 3.^.2.6. The cir-ult diagram for the test is shown 
in Figure 2. This diagram shows that the high-speed movie 
camera (6000 frames per second) closed the circuit. In turn, 
the pulser generated the required electrical signal to actuate 
the driver. An oscilloscope was used for visual inspection of 
the pulse. A typical pulse is shown In Figure 3. 

RESULTS 

10. Test data are listed in Table 1 and the output curves are 
shown in Figure 4. It was observed that the variations in the 
angular displacements of the drivers had large ranges. The 
standard deviations G     (see Appendix B) were found to be 
+ 6.83°, + 12.2°, + 8.34°. + 5.90° and + 4.63° for spring forces 
of 3.70 lTJs, 4.49 Tbs, 4.8Ö""lbs, 5.47 lEs, and 6.60 lbs. 
respectively. 

11. By measuring 30 drivers, it was found that one third of 
them were oversized in length. The lengths were approximately 
.015" longer than the 1.000" maximum specified on BUWEPS drawing 
2415726. 

DISCUSSION 

12. Figure 4 shows that the critical point for the unlock is 
at 25° and 7 in-lbs torque. However, the lowest torque found 
from the test at that particular angle was 9 in-lbs and the 
average torque at that angle was 11 in-lbs (without gap). For 
the average values, the factor of safety 5 at the critical 
point is (assuming no gap): 

S = output torque « 11 = 1.57 
working torque   7 

For the lowest values 

8=9* 1.28 

Of course, if both drivers are actuated simultaneously and 
operated independently in the unlock, the safety factor would 
be doubled. 

13. However, the existence of a .035" separation between the 
driver and the paddle in the unlock would cause the output curve 
in Figure 4 to shift .035", or about 5°J toward the axi3 of 

•—•-•--•--•— -• -•• -• 
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ordinatcs. The shift is justified because the driver will 
not sense the 7 in-lbs load until it travels the full gap. 
Ihe caps are expressed in terms of  linear displacement and 
the relationship between the linear and angular displacements 
is expressed in Appendix C. It can be seen from the graph 
that a large amount of energy is wasted because of the spacing. 
Theoretically, a .145" spacing output curve would pass through 
the critical point. It is believed that this is a factor that 
caused the driver to fail to complete its operation during 
certain operational tests. 

14. High speed movies were used to record the angular dis- 
placement accurately. After being fired, the driver was 
annealed by the hot gas and the spring force caused it to 
retreat immediately as much as 7°. 

15. The test fixture cavity wall finish was simulated to 
the "as cast" finish of the unlock. Therefore the wall 
friction force which restrained the driver movement is included 
in the output curves. After the driver's output tests the   v 
unlock cavity finish was changed to a 25-40 microinch finish, 
and a dry film lubricant is required to be applied to the 
cavity and the paddle bearing surfaces. Thus the driver!s 
output in the latter conditions would be increased. 

16. Large values in standard deviation, c$  observed from the 
test could be explained as follows: 

a. The wall thickness of the extendable portion of the 
driver was not uniform. A thinner wall has less restraining 
force. Also, the physical properties of the bellows probably 
vary from unit to unit. 

b. From a thermodynamic viewpoint, the pressure generated 
inside the driver is inversely proportional to the volume. 
Thus, oversized drivers produced less pressure. 

c. Even though the explosives used in the drivers were 
weighed, inherent variations in chemical content are unavoid- 
able. 

RECOMMENDATIONS 

17. Based on the above discussion, the following actions are 
recommended: 

a. Avoid spacing between the driver and the paddle in 
the unlock by selective assembly. 

b. Tighten the contractor's quality control on the driver 
and all components associated with it in the unlocking device. 

^^-^••^L^^^-,->.. ••-•.-, . ... . .  • 
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FIG.2 BELLOWS DRIVER OUTPUT TEST CIRCUIT DIAGRAM 
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OQ»/, 

0P=f2 

MP=L 

FIG. 5 SCHEMATIC DIAGRAM FOR THE ANGULAR DISPLACEMENT OF THE BELLOWS 
DRIVER AND PADDLE IN THE BELLOWS DRIVER OUTPUT TEST FIXTURE 
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APPENDIX A 

Derivation of Equation (2) 

1. Referring to Figure 5, the paddle QP is initially located 
at QP'. When the driver is fired against a negator spring force 
Fe, the paddle stops at an angle 9 depending on the value of Fs. 
That is, a small value of Fg will allow a large angular displace- 
ment and a large value of Fs will permit a smaller angular 
displacement. Letting 

1^ = OQ s driver's moment arm = .500" 

10 = OP = spring's moment arm = 2.000" 

1- = MN = spring's drum radius -   .297" 

L = MP 

from geometry, it is clear that v 

Fv = Fs Cos Y 

(3) 

2. In order to determine $   , first let's look at Its 
complementary angle o< plus /3. Since 

i - 2 4. Sh. (S2L) 

$;•/& = 
U h 

21, Si. ( •!£) 

fi 
= Si 

-I 
in 

U 
2i, Si, (•+£.)  . (*) 

But in the isosceles triangle 

2 << 4- e + p 3s IöO
# 

e+p 
K 90* 

A POM 

(5) 

A-l 

_*••- •-'•'-•••-•--•--•  • - • 
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But Y = 90#-o<_£ 
(6) 

Substituting equations ('0 and (5) into equation (6), we get 

i = *£ - su- ft 

L2*tSw(^Sfi).   (7) 

Using /°=35-,  i, =.297",    £,= 2.000" 

*_I7V . 6   *. - r  -297 1 

Since # is a function of 0 only, the torque T produced by 
the driver can be expressed in terms of 6 by the aid of 
equations (l), (3) and (8). It follows 

T = {tFsCos [ fT.5* 0 -Si. 
-I .074- *»m (9) 

A-: 
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APPENDIX 13 

1. The standard deviation CT is defined by the equation 

where 6i  is the individual angular displacement, and 9  is the 
average value and N is the sample size. 

B-l 
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APPENDIX C 

1. The linear displacement d can be expressed in terms of 
the angular displacement 8 by the following relationship 

d      IT g. 
e    loo* 

where R is the contact radius from the center of the shaft to 
the midpoint of the curved slot in the unlock, where the driver 
is assumed to be in contact with the paddle, and <&•  is the arc 
length through which the driver has traveled. Taking R = .413" 
from BUWEPS drawing 2420792 

d  = .072 6  (in.) 

C-l 
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1:. the prineip<ll ttuthor ~~ ~n ~th~oo!u,t• rr.lnlrnum rt"quirt"mt•nl. 

6. REPORT DATI-:: Entt•r tht• d.otr of rh._. report us d .. y, 
rnonfh, yP<H, or month, Yt.'itr. if mon· th ... n '"'"e dutt• appe-itr8 
r')O the tt-pc,rt, USP dsttt• of rub}j( at ton. 

7a. TOTAL ~lUMBER OF PAGES: Th" tot•l ral-(<' ,,ount 
~-~h~;ulci (olln\v normH! pu~~inati•)n pro\ '!dltrt·~. l.P.,, c•u,Pr the 
nur':'1tH•r of pages cPntatntn~ inforn:aflqn. 

7h. !'/ljMHER OF REFERE:O.:C'ES: 1-:ntt•r th<· total numbpr of 
r~!r~r,.-nr~•·R l-"itPd 1n thto rt1HHI. 

fl.-, CONTRACT 01? c;RANT Sl'\11l~:t-.': If appropr~htt.', Pntt-t 
th'• .;pplic.th1<.• number of tht• con'r<~ct or v.rurn under whtch 
the r<·r,ort wn~o.; writH.·n.. 

SIJ, &·, ''· 8<1. PROJECT :-IUMnFR: F.nt••r tht· urpr·•prt;ott• 
mtlitury dt'pnrtrncnt Jlff'n,lflcH{IOfl, Sllf·h otS {lfl.."\jf>t•t f\tHIJIJt'r, 

~uhp r'> j f•ct nu rtlbt•r, ~ )'..;t ,. rr. nurHlH•r"1, •. rt•o.k nurnht•r, t•t•·· 

9n. Or~I(;!NATOR'S REPOI<T !'/U\11\F.R(SJ: Entt•r th•• offl­
t:ia1 rr•r·ort n\H!~~~~r bv whir·h tht• dn<"•JrTH'nt will bf' h1t•nt tfh•d 
nnd contr()lf••d by p,,. t:~riii,.IIUtlin~: 111·tlv11 y, Tht,. numt.••r rmn;t 
bt~ uniqlu• to tht!-1 rf•[Hllt. 
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imposPd by st'curity classification, ustng !_itandard statpmf!ntK 
such as: 

(I) 

(2) 

{3) 

(<I) 

(5) 

"Qualifit-d tt'QUf'Rtt'rS may obtMin ropies of lhia 
rf'pc>rt from DOC." 

"Foreign announcement and dissemination or this 
r.-port by DOC is not authnrizt'd." 

"U. S. Gov.-rnmt-nl agt-nclt-!1 mHy obtain coplea of 
th1s report dlrPctl y from DDC. Other qual iried DOC 
users shall rf!quf!st through 

"U. S. military agencin may obta1n copies of this 
report directly from DOC. Other qualifl'-'<1 users 
shMII request lhrough 

" 
"All dl ~trlbutlon or thiR report is contrail to d. Qual· 
1fted DDC users Rh111l rt'f]u•·~t throu~h 

' 

i -----------------------------------
1 If the report has b<'en furnished to the Office of Technical 

S<·rvices, Dt>partmt-nl or Commerct-, for sale to tht.> public, lndi· i •.nte this fact and enter tht- price, if known. 
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I I. SUPPLEMENTARY NOTES: Us" for ndditlonal explan~ 

I'' SPO:-.ISORING MILITARY ACTIVITY: Enter the name of 
:he dt-prortm.-ntlll pro)ect o(flcp or luboratory- sponsorlntr: (pay­
rn!l for) t h.- research and devt'lopmt.nl. Include addresa. 

11 AnSTRACT: Enter an ubstroct l(ivtn~t H brief and factual 
!.C.Hnr.lary or the doc:umpnt indtcative or thr.' rc·port. even though 
I! ,-,ay also arpear els .. where in the body Of the technical re• 
1""'- If additional Npsce i~ rcqut,..,d, n <nntinuatton Rhl'etshall 
~H,. attacht.•<t. 

~~ I~ hqo:hlv de~Jrablf' thHt the IOhSirHL't O( ClB5Si(ied reportft 
I '·'·" •JrHlM""''""· ~;Mrh pnrMI~rttrlt of Ill!! ahstrnrl ~hnll end with 

"1\ inrftCHIIOn of lit" mllttAty S"<'llrlfy f'IRS~tfiralton o( the In• 
forrnu'ton tn th1:' parotv,rwph, r~~prt'~St'nH•rt n~ (T.'\) rs). (C). nt (U) 

1'll'·n' IS no l1n1ttHtion ,n tht!- l••nv:th •\( lht~ AhRtrttct. How .. 
I <'V'"· th<• '>ur.l-(•·~t~d l .. n~th i~ (rrom I ~(I~-· "!25 worth. 

I 1-1 1-\E Y '•li<lRDS· Kr•y W<>f<l• nrf' t"' hnt.·ttlly mr•aninRf<ll terms 
" •,h••t\ ;>hrus"s thitl .-har•c lt•f17.<' a "'I'<Ht Mnrl may ht• usnrl "' 

j lnrfP'I( •·ntr\••s fur cutol11~ln~~ tht~ tt""port Kt'V wqrfls must ht~ 
1 •••·lt·r·l,·d ~'"!hut no ~rcuratv <"llPo-.i(lt'ttltnn iM h'"ttUirf"d. fcif•nh· ! fi,.,,,, ~~·~r h Hh t•tpupmr-•nt mt~de•l dt••;~~~nlltlf'l1\, tr•dt~ nnmf", military 

I 
,,roJ•'• r 11dr> th•t~l,., .,~,., • .,~r~•phtt· ltlt'Atl•)n. rrHty ht' us.ect a& kt•y 

')/,, OT!!EI~ REPORT NIJMIII•.R('-;): II lht• rr•rnr1 haG ht•••n--- "'""''hut wtll 1,.. f,>!l<>wt•d hy an tntlt• Klion n[ t"chnieal rnn-
!t·j(t. ·nu· U!Po.l~~nm•·nt nf ltnk"i, r(ii";s, und w,.,,~ht~ aM optionaL h'\~\1/,flf•d llrlY t:otiH·r rrpnrf Ol.lnlhl'f'• (o_>Jth,·r 1·.~· O~t• tltiiJtrt.llnr 

or f,~ tlltJ .'1fWn!;"'r), Rln.n f•ntt:r lhJ-; numt·r·r("), ] 

10. AVAILABI!.I'l'Y!LIMITATION NOTICI-,g: EntN ilrtY ltm· I 
tt.t'L:;nQ, on further d!-..~t'tnHIHih!f\ o( 1!11• r.•p"rl, ,1\hl'r thtHt th(lst~ 
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