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Torsional Strength of CFRP Material for Application of Ship Shaft System

Min—kyu Kim"?+Ick—gy Shin'-Seon Jin Kim?-Dae Kyeom Park®-Jung Kwan Seo®*’

Shinkumha Inc,’
Department of Naval Architecture & Ocean Engineering, Pusan National University?
The Korea Ship and Offshore Research Institute, Pusan National University®

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons, org/licenses/by—nc/3,0) which
permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

The Carbon Fiber Reinforced Plastic (CFRP) material is recently widely used in the composite industry with excellent rigidity and
lightweight properties, A ship shaft system requires high standards of safety on torsional strength capacity, The purpose of this
study is to verify the applicability of a CFRP shaft system to take the place of metal shaft systems for ships from a viewpoint of
torsional strength, Selection of materials and manufacturing method are executed then two geometrically scaled CFRP shaft
system models were designed and manufactured with three—layer patterns, The models were used for a series of torsion tests
under single and repeated torsional loading conditions, Detailed design and manufacturing methods for a CFRP ship shaft system
are documented and the torsion test results are listed in this paper. The results of this study could be useful guidelines on the
development of CFRP ship shaft systems and a test method,

Keywords : CFRP(Carbon Fiber Reinforced Plastic), Composite material(=&ZH=), Ship(A2)), Shaft system(Z4), Torsional
strength(HIS2 Z5E)
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S4g Z3o2M 5 oM ZYslE St AR, HAY

2k Sl 2 O|AISIER: HIS XZte| st 315 J|Chet 4=
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Organization)®l 2H&-iAl Zelol me Wstel 28RS B o ou yxzgM Sxoz e MM T 225D 20| 20
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e ool Zeisl g En wick Hug SE NS FZ x|z Mol ozt 2ag

SR SEAES J12S SRR BE EUESR BE gy nzel ommol mew suREozM vSEYE 2

?Eiitre;ngth)ﬂ L (stiffness) X 45 nli(j‘ahgue) S48 225 Sof| 3t =2 AlZ|Mo| QPEIC} w2, CFRP £

ol el DR SRS OPIn USS= FUASEY SO tjo) suel 220 mgug selz sisi] 24 ZE Sl

Oflet et 2751 U= 87|, AISA SO BRR 20k (o) iaist 2yeg mosict

ollMel 25 Fx2Ae| M20| &= ACt (Kim, 2003). 3l
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CFRP 27| M8 57 B8 2 9lst HISYYE S

Park et al., 2017), ZZFXHEA o E7|8 (Jang et al.,
2015) & 'rr°._|'9'~ Al 2 2 MEA mEEZ] akst o472 (Kim
et al., 2012) £2| A7} 2 $H=ACt. o}2e, s &
AM|ZS JIX[E AR CFRP §E9| B8 3 HISZIZA (Lee &

Cheong, 2014), AXIE &(Boom)SAHoll CFRP Mg 2[st
U 47 (Kim et al., 2020) S0| $aH=|QCt MAITER2

CHA 2 CFRP M2 CHA| ASZH| 2 XFSX; ZX 2=of of

oF Ui HES 2leh A7t &3] o|FoiRen, MEtgnt 2

2 g Ao M flst 24T ¥ H|SRZTof| ask A
£ 253 A”o|ch,

M2t 2 odFolM= Melol| ERli==
ws st FAHC H|E
CFRP EH(2| MA, &=
AEI2 351990} MaA|E

3
=

e CFRP =7 i
24T EM SHE 9|5l0] AlEk=
4 2ol et H|S-ZT 45
2 T 4 72 U A EFo
A,

A2 HeFot e 0

2|7
==
al
=

= HE ool 2q=glen

EI?J\L—‘}' (== :’?_OI 71_l|_0|_| A|_—|o CFRP :’77:” HI%%%}—E %Ao-l
2 g% MHE CFRP &7 7ol 7|Z7|s & daAle 2
o2 20| 75T AR AlRECE
2. MUk CFRP ZAe| A
2.1 7|74 EMg 1fst Mz MY
Me2st =EmeE TANES Zsel 2xel BF 2

s=ol w2} ®2 ’Sv | ®Zol len, M=o B 2 M=
=N Al 70| JhsSict.
CFRP2] 7o*§P(H_ EMRole s, &l M= g 3 =
%X'Oﬂ k2t Chst M Z0| RUct EMFE ERRIAo| kS
o| 90% OI""OE TME| MFEe Oo| Ef
(Precursor) =29l 30 w2t IA PAN(Ponacronnrtrrle)ﬁI
g X|(Pitch)Al & 2llo]2(Rayon)dl EMFE F2=CH (Seo
and Park, 2010). CFRP= H|Z=(Specific strength) vs H|ZHA
(Specific Strength) §440| 7|E} Mukg ZE-2XE M Z2f H|ul
5o 255t S4E JHX| 12 QUCHFig. 1).

==

45 (Elastic modulus) 200 GPa olsl, & Z= 3,500 MPa
5le| 7|AIM EME JHX|0] H|SHOM ESF0[ct HiH 1O
= EMMRE FEME(IM: Intermediate Modulus), TEFY
(HM: High Modulus) 2! TZHE(HT: High Tensile)el 7|AHX
Hol|l ZzEtEe= MFE XA, XM= g3Vl & |
1 ACt (Lee, 2011). & AFolM = 7|AEl Ms0| 2
FHT Grade Etddwel TorayArol T700 24 KE CFRP =-1-74|
ZEY (B 7)) 2 MERCE

2Ae Yooz Ez|of|AE{(Polyester) A, H|Ho{|AE
(Vinylester)Hl, ol ZA|(Epoxy) A7t L] AFREIP_ uen, 2

>

Asksiol YR EMNFE N BB EBMRE Usiol &
|. =

or

‘_0 ok |xoox mu 0x 2 0
°

odFollM= EF ZAofl H[sH Z[HX AMSO0| L5t olEA|
(Epoxy) $X|(Resin)E ZM = MAEIACHFig. 2).
4 —10
8
=34 =
-9 -9
e 2
5 6 =
= o0
2 4
g z
=1 =
2
0 . Lo
S & ad
S 5 (5 5
o «o\ o @‘3 S

Fig. 2 Comparative Tensile strength and Modulus (RachTR
Chemicals, 2016)

Hel 24%|= Table 12+ &t
M THZlo| op|EZ dbsk
AAL L5kt

r°l'

o

Table 1 The mechanical properties of T700 carbon/epoxy

2.5 — composite (Toray Carbon TDS)
= . CFRP HT UDy Description | Units | Initial value
g CFRP IM UDy - ;
5020 . Manufacturer carbon fiber properties
g7 . Density kg/mm® | 1.78E-6
%1'5_ Longitudinal Young's modulus GPa 230
2»1 0 ] AFRE Uy CFRP HM UD, Manufacturer matrix properties
§ ) GFRP UDy Density kg/mm?® 1.10E-6
Sosd () castiron Young's modulus GPa 2.890
> _
é_ i !{ﬁi“l Unidirectional test tape ply properties
Aluminum
0.0 T Longitudinal Young's modulus GPa 121
0 30 i .60 20 120 150 Transverse Young's modulus GPa 8.521
Specific stiffness (GPa/(g/cm?)) : :
) . . . Poisson's ratio XY - 0.322
Fig. 1 Comparison of mechanical properties of structural . :
materials(Mohring et al., 2015) Poisson's ratio YZ - 0.560
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2.2 MEH AA

= ool gt Metel M QllFel S30ME-BY.5 AT
2 AT & JF 22 5ISEZTIE A0 2750, ol
=lo| HISRLE MeAlEel ASSZo M7t =X e
TE0i|IM ZIEH HI%%PC}EBI Z|Eoz AFYch MEE Mef
o MAN B&W ME-B

\OI'

[M=a= 72 rpme 2

4 (
Engmes 2012) & %3—1 2,500 kw, QlIZEl
= (Maximum torsional

xgslo] A(1)g S8l Ao uSEL

strength)% 1,800 KNme.2 MHILC

l]
}_

-

T= 97549LNV (1)
o{7|M, T= [ HISRIZE(N - m), WE SZ(W), N2 Azl

3| (rom)E 2lolEch

2|37, DNVGL-CP-0093 (DNV-GL, 2015)2 Seilz &
Holl 5.0 olAte| oM E(Dafety factor)2 L7l Wit 2&
A7 H|E2 Z=(Design torsional strength)= 9,000kNm
(1,800kNm x 5.0)22 MAIC}

MEE M AIEle] @FME0 wWE FH
(Length) 13 m, 2|Z(Outer diameter) 0.9 molo{ = =
0.05 mz &-&35l0{ LiZ(Inner diameter)S

2AiE 20
T d

=
ISE

Lol w2 FAHE
0.8 m2 MFct.

AXE Al AR S0 FRAGE J|Z02 DHAIEM = 7|
515t AIHEIS 0|235101 242t Al T2 CiH| Z0|x|Z(ZH 2]
2o, oA ¥ U= B, H|E2IZ e 83 FEE MAEHon],

ol B= rtrXICh. AlHE —’F R|£ Table 22+ 2L,

Table 2 Dimensions of CFRP shafts with scaling method

Outer Inner  |Design Torsional
Scale Length | . .
(B) (m) diameter | diameter Strength
(m) (m) (kNm)
Full (1) 13 0.9 0.8 9,000
1/5 (0.2) 2.60 0.18 0.16 72
1/20 (0.05)| 0.65 | 0.045 0.04 1.125

2.3 A =

2.3.1 &g

S M ES Meohs WHE Zst 2 2ol MEHol|
2| Clekst M=o EAfsict 2 ddFollMe MeE the =
% ZAE UAlsks CFRP A =k IefaiAM ciEEel =
S MEaH 478K (Fig. 3)ofl Chatod HMZF Ale] 2!, AikM
2 MAM|Z2S H| 124510 CFRP £ AlgH MasHE M
HCKFig. 4).

CHEAMol =il Me3H 471K &, & ¢ Fig. 3(a)t

Resin supply

/~ Dry fibre
Roller -

(a) Contact moulding

" Vacuum bag film
Mastic seal / / Braz‘::&g:g{'e% cisase /r‘ depreg lay-
/ .‘/ / film |
— T
If\ﬁ\“ \\ ] \\ T

~ Resindam }

\ a . "
L Mould tool Bleeder fabric. If required

Perforated release film

(b) Autoclave

"~ Mandrel
r Fibre creel

(Tensioned)

" Resin
Bath

" Traverse
mechanism

2

(c) Filament winding

Resin out — to Resin in under pressure
Z:fg:?o :)Ump via l Mould seal

Dry (or lightly bound) fibre preform
(d) Resin Transfer Moulding(RTM)

Fig. 3 Schematics of composite manufacturing methods
(Aerospace engineering, 2012)

Z0| SE(mould)oll Z&tet BXHE 2F A= 3Hol
1, F e 2 = gEAZL AR E Vacuum bags 0|8
510 ZIZAE 2 BHE = Autoclave AdH| LM =S TSk
AY7|H(Fig. 3(b))olct. Ml M Z Fig. 3(c)= =2=2| S
Soi 257} 2Ajol EtEl=lof Masts 2o, oxjatoz

ZME Lot ez S ol Uof Hof ZEifof HEIAIA
QBO%I: 71&(Fig. 3(d))olch (KIMS, 2011).

A= AR S| MEHMEH], AARM,
A1°"°1? (Potter, K., 1996)2| ZIIE HFASI4 Fig. 3(c)<
Filament winding 2812 &3},

£33 882
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CFRP 20| MuIg %7 582 9I8t vISEYT S4

— I |
| E— 71
I ———]
|E—] [e—————
of ef
Size p ial

Contact moulding Proisciey Autoclave

I I Tooling costs =
| Labor skills

— ]
|— E=———

Filament winding RTM

Fig. 4 Comparison of composite manufacturing technigues

(b) Void—free laminate
created with towpreg

(a) Laminate using wet
winding with voids

Fig. 5 Voids and void—free laminates with wet and dry
winding methods

MHE Filament winding 32 &2(wet), Z42l(dry)
Winding 2oz 250, 1 0| 4! Winding 2
oY X E Soleke M X|7F ZERol| 2l
Salof| Z7|= ghlolch aBut &4 Windingel 2<% &89
SN X9 S7YUSH 2RlFe| ez 2l Fig. 5(a)2t
Zo| MY E W cigee| SS(void) O] ARYsHA| =it
el B ZAe A2 AP =22 2 AElMo
T2 FxAel A= EMFo o FA| $XIE ol2| &
AlZ! Eelel TowpregE ARBSI0] X ge| A3t 3 3&
o| z23HE Soff dYet EME =HEI| kST 744! Winding
28 (Compositeworld, 2020)2 X-&3s|9iCt.

|
[
I
E

2.3.2 33 oA

0|2+ (Anisotropy) MEZ2Z Fig. 62 20|
—L'EOH EEP% &*% mjEfo| ZE EMoll ¥sks o|Fct
(Honda, 2003). 2t MF 2tze| SEME 12{sl0{ 2 l—
=El Ex H|SRAEE UEske MF mEe| MAVE =es

HEa LT DI—
Ch & A0l = 1/20, 1/5 scale2] 25 /2| E42 o] EHﬁP
|

S Z A2 v|EEZT SME BSt AL Type 19 &
7

o =2 vISEEE S48 Ze 45° sl "EE 7Y

siR2en, Type Il, 18] A< 45° HiX|2} 30°, 60°, 85° HfX| i
Hg FII610 HF ZtTol| e H|SEZE EMS "Il
Cl 85 ZE= A9 Zo| wakg 7|F(0°) 22 gt

S MEE MES MY Fig. 71 20| of|FA| £X| Mg
ME (Guilherme et al., 2017)0lM F2 MEx|= 45} A0|2
Z Dwell areae= —rI|°| /A Flow?| 2Msk= XMz &&

St skl 3! AX|e| Spreading0| YLojLIEE RESI0Y, Curing
areadllM Azt 2do| dojut @7 SMXIF ZChsH ST

5 G

150 T T T
4 Bending ———— Torsion

Modulus (GPa)
N
N
|

50 _ _L ____

-

25 e =~<C
-//// — \\:
0 T T T T T T
0 15 30 45 60 75 90
Fiber angle (degree)
Fig. 6 Fiber alignment angle effects on torsional and bending
modulus

Table 3 CFRP Shaft layer pattern
Scale| Type

Layer pattern

| [85°, +45],

1/5

I [+85°, +60°,£45°, 457, +45°, +30° ],

| [85°, £45],
1/20

1N 85°,+£60°, £45°,+45°, +£30°]

150 T

Curing area
125°C 60min

—
o
S
|
[

| Dwellarea 2.5°C/min

£2C Comits 5.0°C/min \

n
=

Temperature (°C)

/ 2.5°C/min

0 T T T T T |

0 50 100 150 200
Time (min)

Fig. 7 CFRP shaft curing cycle
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Mutg CFRP Z7l U7l 27 % T2ue| Sof 62 =)
olo| A QIS & ZUX|e| HARI} TxX o= I
xlobst REo2H, CFRP2} 242|015 & 2+ Fa 25t

of nkAst A7} U] FE=T Uct (Kwon et al., 2017

—

2ol 2t Feke 7AMel Feh YHECE W2 o
Zx 352 x5, =20 FY(hole)2 & L7} 812
DE(FefF7t LS| gebz) S|zl eRddo|

N
oH

— 4% 02 ™ 02
ook
1o

: 2=
of, 2EL &5 SOl oo HdE Mspt faEct Eot 4
si=7| Mo HANs He QElz HElE /A 5 ek, &
afE Foll= 92| 3ol Fefsin dalgo] Kot HEF it
of Fefet EHHo| Aot w2tM, FAHolA CFRP2E 5% SA|
ZH et dAol Hatol e elel FastE fIgh =0
L5t
= o7 AEE CRRP 79| H|SEZT S4oll 2t o
T2M, SUX| Yool e ek z|aalel| floi MA| Al

4% rlo

2.4.1 HekE Bolt A4

A ol MEE Bolte| A% A0 JRiXl= HIEE S
go| MMt 225 9I5| Fig. 82] Edge distance, Spacing of
fastenerS Z|AT2 0[AlRl 2.5d O|AlC R 7H24E MA5IGH 2
04, AR2E Bolt= Eurocode & (Jsapart and Klaus, 2016)

£ H3sIxch = ot &48 112{s10f Bolt HEFE &

step7| 2l 1&= 52+ AlX| Bolt(SCM435 12.9 Grade) & &
2ch XM2E Bolte] 24 AIMUTE 1,220 MPa2Z2, &
HMEkS2{2 09| 58 %2l 747 MPao|nd, 4] (2)~(4)2 &3t
0f MAYCH

F=rd e, (2)
07|, F= Mok, 7 = Boltel 518 MttEH, 4= Bolte
X|golck.

A= %dQ X S.F. (3)

047|M, A= Bolte| tHHA, SF.= cRigolct
AXO‘T*min. =F (4)

0{7|M, o, 2 Bolte| Z|2& QIZZTolCt

oloil 2 BoltdZ2| MAXI= Table 42 ZTt.

[ 2:2d, 14t, 200mm(min)

|
H H
| |
| 7\ Y
S i g < i
! 1 4 T

4d, 14t,
200mm(min)

|:2.
| P
. v
1
{1
J Iy T
TF
A
&)
.
|
1
-
|
1
i
—de kb ——— -
. X |
1 1
| -
ol Sl Ll bl G
] T
1 1
25 '
s bl { Y abala bl Dl Loy
T |
| |
] ™
=1 rT-"Q
[ 1
1 |
) |
I & I
) I

Fig. 8 End and edge distances and spacing of fasteners
(Jsapart and Klaus, 2016)

Table 4 Bolt arrangement of shaft system

Force | Diameter| Area Bolt | Number of
(N) (mm) (mm?) | type | units (ea)

1/20 | 28,125 6.92 188.25 | Mb 10
1/5 | 450,000 | 27.69 3,012 | M20 10

Scale

242 SR HEF

Bolt MZS 2lsiAM ZERUZ0H| Hole 7H2 Al B &4l0]
2AstD, ol Fig. 92t 20| = &g =agich (Mallick,
1988). m2iM, & AFolMel THAH Aol MEE FH <
w/dH|E 0.4 T=F2=Z 2F 40 % TF2| LT Xsi| wHs|o]
E|4 40 % OlAke| Sgar 2Zo| LRl

SN EAQ 4 HE
Msh = 9loog FIIMO| obXg
SR SH X8 100 % 4T 2
2, 1/20 Scale AlElx= 55
mmzZ, 1/5 Scale Algx= 5 54 10 mm, XMZE 54 20
mmz AAZYCY,

=]

°
z

=
H =
T =
o

Net-area tensile strength

Gross or net-area tensile strength
Unnotched tensile strength

|| * d: Diameter of bolt hole —
* W: Width of specimen
0-0 T l T I T I T I T I
0.0 0.1 0.2 0.3 0.4 0.5
/W

Fig. 9 Tensile strength variation in specimens with centered
holes
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3. CFRP /2| H|ERIUT M=my}

TR 2ol FA2Ho| thshH|SERZE ASAHS 26k
T TR MeAlE X0t MA & EEQUCE 1/20 scale Al
il 3Al 22 FH|E ARSSH LUtEol HIERIZE MS
A5 A|AB(Fig. 10(a))0] ARBEIACE 1/5 scale A= 1.2
me| ZHE Z(Moment arm)S 2= ZHA| X0 ME 71 Al
HAH|E 0|85101 AEA|2| F3lE2 Aol | ER stE
O M350 Jtohe EHAlo| HIERZE MSAE AlAH

Torsion test jig
(Rotation part)

Torsion test jig
(Fix part)
-

Actuator
B

(a) Test jig for 1/20 scale model
- Do

I EFT

Test floor

(b) Test jig for 1/5 scale model

Fig. 10 Torsion test set-up for 1/20 and 1/5 scale models

7 & I

ﬁ o
4

$ Moment arm
=
b Pivot \

(a) Axial force from a loading actuator

oD -

Axial force

) mnum|
JLHTH T
| 4

2

L
A

(b) Torsional force by a load conversion test jig

Fig. 11 Schematics of load conversion from axial force to
torsional force

. ofE et E%F&. X|79| 71 2|
—m_r?_g} 7;34 |-ﬁ-?—|§ el base/rod end) 2 T
M=|oq, Fig. 110 Esi5t A1t 20| Fsks2 2M23ol ofst

HISE stEozo| Hate & ot

A

HISRZT MSAIE2 Table 52 20| S2=550l| ot M

rok

1/20 scale &=
(Permissible loading, T,)& —’FZ”BPOE‘OIH 1/5 scale
ZI12 DNV-CLe| SeiE SH Alg7[F(DNVGL —CF’—OO93,
2015)0 2 4 cycle loading ASAI&(Rep., Repeated
loading)el F7H| Al&(Fig. 12(a) and (b))o| H=|AC}

HISEUT MSAEe Sal Aol BSEYT, B2

2 AIRA 2 EMo| 2UEHE X AS=IUCE

Table 5 Torsional test facility and test conditions

Scale Test facility | Max. design | Loading speed
model | torque (kNm) (deg/sec)
Instron

1/20 (PD4F) 4 100
MTS

51 (oaa.a1) 600 0.05

+ (Until failure)
]
=
T
s
=
Time
(a) Permissible loading test(Tu)
1 (Until failure) /
|S:F40(57.6kNm for 1/Sscalemoded) ________ [ ____
]
=
=
s
=
Loading Loading Loading
cycle 1 cycle 2 cycle 3 cycle 4

Time
(b) 4 cycle loading test(Rep.)

Fig. 12 Test loading cases
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Bl Sy AR 2

3.2 H|SEZT H&Al

oo

21

3.2.1 1/20 scale H|EEZE M

0|I'

Al

1/20 scale CFRP HA| H|SEHZE MaAlglel Zik=
Table 6 & Fig. 130l LIER} AT Table 60ilM %|E H|SEZ
T Type 117} Type I2CH B 2.8 % = AISSA20, A
S HIEEZE= 09 % W2 ZoE EQlct 5, M5 oiH9
XlOl= 1/20 scale AlEA2l & H|IERZT § HIERZTO

= Q82 0lxIx| 2SS =IE 4 SUck Fig. 132 8IS &
Z

sO=2 1L

39t H|EE Aol 2 MEolH, Sz A2 v|SEE
T SM2 i 5|EE EIVK M¥Hoz AZSIEPL E
HISEIZE olF 23| mhil=l= S4& EXct

ot oS4 hy FAe| EF # flxlz 72510
M3 2E Algd = 185 55 SUA-5F MZE Bolt
ufoi| olo] nYF FA SEaA oi(Fig. 14)7F AEHoZ
drRCE ol2M, Hst Aot 2ol CFRP FAHl= SUAl-5
F YO ZEMoR JIY Foket Ag aeldt & Ut

Table 6 Torsion test results on 1/20 scaled CFRP shaft

Test Type | L.C. Rotation | Torque Failur?
No. (degree) | (kNm) Mode
#1 31.56 1.63 BF — TF
#2 T 31.61 1.69 BF — TF
Average 32.09 1.66 _
(0.0%) | (0.0%)

#3 I Tu 32.69 1.63 BF — TF
#4 33.30 1.66 BF — TF
Average 33.00 1.65 B

(+2.8%) | (-0.9%)

* Failure mode: Bolt failure on fix part (BF), tube failure
on fix part (TF)

2.0 4
Test results on 1/20 scaled shaft
7 under Ty, loading
1.6 4 — #1 (TypeD) -t
---- #2 (Typel) nal :
- 1 —— #3 (TypeID) N 2 :
51.2_ ---- #4(TypeIl) !
) N7 |
% 7 2 1
: p ‘
14 — . L
3 0.8 . )
s :
0.4 — !
1
)
0-0 T l T ] T I L T I
0 10 20 30 40

Rotation (Deg)
Fig. 13 Torque vs. rotation angle curves on 1/20 scaled
CFRP shaft

Fig. 14 Tube failure of 1/20 scaled CFRP shaft

3.2.2 1/5 scale HIEE ZT MsA|

]

21t

1/5 scale CFRP =4 H|EBZT MSAIEC| Zok= Table
71} Zkonq, Figs. 15(a), (b)% /5 scale A0 S
S d| S8 E3° H|SRZEo| A MEzo|ct

Ty AlEOIM Type 1l A|EA= Type | CHH] 33.1 % =2 H|
sEzE 2 116 % 22 2l olE,
Type |2] HIEEIZMAM0]| Type llloll HlsH =Cke ZHE ofo|5in,
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Table 7 Torsion test results on 1/5 scaled CFRP shaft

Test Tvoe | LC Rotation | Torque Failure
No. yp "7 | (degree) | (kNm) Mode**
14.55 | 80.67
#o | (0.0%) | (0.0%) BF
™ a7 | 7135
#oo (+33.1%) | (~11.6%) TF
16.43 | 96.96
# (0.0%) | (0.0%) BR
Rep. 16.07 55.24
#o (-2.2%) |(-43.0%)| R

*% Failure mode: Bolt failure on fix part (BF), bolt failure
on rotating part (BR), tube failure on fix part (TF),
tube failure on rotating part (TR)
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