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ABSTRACT

The clamping characteristics of segmented nuts in pyrotechnic separation nut are
investigated using finite element analysis. When the segmented nuts are used to clamp
objects, a constraint cylinder is necessary to prevent the segmented nuts from spreading
out to the radial direction. During the manufacturing process, a clearance is usually
introduced between the outer diameter of the segmented nuts and the inner diameter of the
constraint cylinder. Therefore to find out the effect of the clearance, proper finite element
modeling method is suggested to describe the clamping procedure appropriately. In addition,
finite element analysis with the clearance of 0.00, 0.03, 0.06, and 0.10 mm are performed.
From the analysis results, the clamping characteristics of segmented nuts are investigated
according to the clearance, and several factors which should be considered to design a
reliable pyrotechnic separation nut are figured out.
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Table 1. Preferable fits of the hole-basis
system [11]
Basic Hole Clearance Fits
H6 g5 | h5
H7 f6 | g6 | h6
e7 | 7 h7
H8 a8 | e8 | 18 h8
H9 dg8 | e8 | 8 h8
H10 b9 | c9 | d9 | e9 h9
H11 b11|ci11|d10 h10
Table 2. Preferable fits of the shaft-basis
system [11]
Basic Shaft Clearance Fits
h5 G6 | H6
h6 F7 | G7 | H7
h7 E8 | F8 H8
h8 D9 | E9 | F9 H9
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Congtraint
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Bolt Head
Bearing
Surface

b) The shapes of threads for each segmented nut

Fig. 2. The detailed view of the bolted joint model
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Table 3. Behavior of segmented nuts after
clamping
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Table 4. Contact force acting on the
threaded side and the outer side
of segmented nut
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Table 5. Change in contact area

Clearance Among Betwee‘n Nut ‘and

(o] Thregds Constraint KCyIlnder

[mmz ] [mmz ]
Unsegmented 250.82 -

0.00 253.39 368.99

0.03 232.67 264.43

0.06 220.10 255.00

0.10 202.10 230.46

x10*
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Applied Torque x10°

Fig. 3. Clamping force corresponding to
applied torque
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Table 8. Clamping force after clamping AT 4 Qo 9% e $HL YES T

£9% Alo] AEFHo R 8 Folxlth A <

Clearance [mm)] Clamping Force [N Fatulel go] YEV BEZ e 9x=weo

Unsegmented 788395 (97.62 %) 3 dsl7] wji-ol Table 49 Al HA o] AA

000 782550 (96.90 %) | & A Aol AFHel Agshe wake] @5 A
922 H1EH7] gl

003 79561.2 (9852 %) Table 88 A WAl e UE by Ze

0.06 797708  (98.78 %) Von Mises F5$% EXE HoZTh WA 75

0.10 799215 (98.96 %) ggome & wEks Avnd ¥FHeon U

E zglde] ke Uakal S el A oty

253 4E 28 2% ARl e Selo] wAlelE AL HeAT &

Atk olAL UE AEjw & yApate] © @

Table 7 A o .

Zhel A A s W, AA¥or i HE
o

AR e #ZHgsls ZulE] of-g-dte] A= Table 8. Von mises stress distribution on
AAEHESY A7) BHES HoFEr YEV} the nut
A 2 AedeE HES L3y HF Clearance ) )
ﬁoﬂfﬂ ==t EﬂE*—EET )E]'}H :J_'\:]— j_a]/]_ 'E‘@,’ L‘] mm Quter Side Threaded Side
E° Af HES FE5UTY HEZHAA 2 |
<o EHES Fds, FA7F Aldes 2 oH| Unseg-
£ AFS & F A ols, UESY £ < mented
8 WEd Zgahs Aol 27 R dge] e
on, EAjel Ao weh o owF A @y
& AAFE L ole HES SYEREEE FIAE
g 5 9t 0.00
Table 8¢] F WA €& UE npgzZwel Von \
Mises frE$8 B¥E HojFEr YEI} Bty
A %S A, HEY A&ete 9 dF W
oz wdatth. 2y HEZ 28H Al 0.03
£ BNV ARSEE olle Ao AAN U
E o] duf Fo gH€o] FFHeE AL g L
Table 7. Counterbalance moments acting
on the nut corresponding to the 0.06
moment among threads after \
clamping A L
Between
Between Nut and 0.10
Clearance Nut and . :
Constraint
[mm] Base v
(N « ] ylinder
[N . mm]
&, Mises
o, _ Avg: 750
Unsegmented | 204331 (100.00 %) G
et
0.00 156334 (77.56 %)| 45230 (22.44 %) Level of IEE%E”S%
Effective et
0.03 152264 (76.10 %), 47825 (23.90 %) 13350
Stress +3.6256402
0.06 149375 (7508 %)| 49582 (24.92 %) 15 17%er05
17 2506401
0.10 145543 (7255 %)| 55062 (27.45 %) +0,000e+00
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Table 9. Stress distribution on the thread 4% WA o] 7+asH, Table 4|4 23 A3}
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HFH7] ot HE £& A €3 =59
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mm o] 3k 22 v
7 o] gt
Unseg- & ¢ : _ . dnk Y
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= = %9
BES HE rpitel HF A o] AopAH
0.00 s S 0 ddsksel deshs Wy A9
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= AFdds o TR ATUE ol Folxlens
2Eg g skl w2 st @olk HXA]
g Al 2ol 53 JEES AAsE Aol
o 2EF Y 2 oRe gl ol 7]
000 A QTR o2 A arER g6, dE}
BEEA e Aeods YES HAH FZFofA
<8 Tx7F A9 TdsARt £ HES 4F%
dgdoM = &9 227 &3] vEs AAT
0.10 T St
254 EE 84 £%
424000 N+ mme] AAEAZ} dAHA £E
v 750 o T Welol AR SiE W, o] Adra we
+8.700e+02 Haoeis Zob ZAAbolol wAsh: BHlE, BES YE
Level of T 35006405 UARLE Atolell A bAsl= malE] s e
Effective | | [=F +2:890¢+02 1331 o} Table 10& ZEAA B4 E 4 ZulEe]
Stress [ 14 5ceice :{Eg;gigg H &S HoFErh BE Alo|xdA F A =l
HIBER R 153590108 E9] v go] fAlshH, BEE w9 Von Mises
7 320ev01 15600610 frESH ¥ %A Table 119 Ydd A 2
+0,000e+00 Negative value
Table 10. Percentages of counterbalance
A AT AEgle] RE Fo|soA BE YE moments acting on the bolt
o] ofgZo] ubAMEO R o Wo| Wolxl A corresponding to the applied
A 2o ol AW Jbsaitt torque
Table 9= WARbel #-83k= Von Mises Clearance Bolt Head
g 9 wxe 5 9¥F A9 ¥ wxE [mm) Bearing Surface Threads
wate] BHAFEH oW, & W Hd ¥
N 0}?% A ? ) ]3113:1 2 Se @ %;E i Unsegmented 49.95 % 50.05 %
2 olg3te TAFYL EA7F 0.03 mmo]dkel 0.00 50.63 % 49.37 %
Aeolls 5] AR & yapakel A, SA17 0.03 51.09 % 4891 %
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= 5 o EIDNES - =
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Table 11. Von mises stress distribution in
the cross section of the bolt

Clearance [mm]
Unsegmented 0.00 0.03

Table 12. Change in friction force between
outer side of the segmented nuts
and inner side of the constraint

4“

0.06 0.10

S, Mises

(Avg: 75%)
+9.450e+02
+8.663e+02
+7.675e+02
+7.0B8e+02
+6.300e+02
+5.513e+02
+4.725e+02
+3.938e+02
+3.150e+02
+2.363e+02
+1.575e+02
+7.875e+01
+0.000e+00
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@ o] A7) FAadT o) %A Table 49
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Clearance [mm] Friction Force [N]
0.00 10831.18 (100.00 %)
0.03 10100.81 (9326 %)
0.06 993493 (91.73 %)
0.10 9736.25 (89.89 %)
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whEl AR ZEetE HE o] die st
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e F AR o] Ageic 3
]_

Bq. (5)s} %t} olu, Axke] el ¢ste]

g UEdA W BEYe] Julwd Fely
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HEE e TS Aves A Al

s )

fr = fcosbe, + fsinbe, @
fz== | frll tancee,

fn=Frt+f; where, {

(5)

Py, =Py +P, = Pe, — Ptanae,
Py, =Py, + P, = Pe, — Ptanae,

fN PNZ
F] A ] PNZ
T r

Fig. 4. Hypothetical load distribution on the
thread of a segmented nut
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