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Cambolt that has two slot shape in thread, have been widely used to adjust wheel alignment in Hyundai and Kia motors.
These slots in thread make stress more concentrated, and lead to yield more easily. This paper describes the optimizing
process of the Cambolt figure, to maximize the yield load. Contribution of the Cambolt design factors to yield load was
verified, through actual test and finite element analysis. Using the DFSS (Design for Six Sigma) method, we optimized the
design factors of Cambolt, and confirmed the yield load was enhanced. This new Cambolt can provide more stable wheel

alignment joints, by using a higher range of preload.

NOMENCLATURE

T = Torque

F = Bolt Preload

K = Torque Coefficient

d = Bolt Nominal Diameter

d, = Effective Thread Diameter

D,, = Effective Bearing Diameter

P = Pitch

K, = Bearing Friction Coefficient

un = Thread Friction Coefficient
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Fig. 4 Yield load of bolts and cambolt preload distribution

9lejo] Bolol B H2o]
et ARE AARY A ke FE 59
R P EERN L I E R E LR
2 9 AAY A Ao ool WSt gk,
Al thes7] Slsto] ABE B 23
292 Aralsts A7k S LG JRolut, A
R3] Rolxx] o itk ol
o gelivE Aaye] Agshs HRES
Fgsto] 2k WA AAPE oS B PB FUL sk
S ol 3 Y4 522 BEE S0

i)

koo ™oy
W

ey
m = oo

ol F_?L’

e

iﬁa
of
ol
]
i
ol

®

AEE HH FPe wE] Slstol WRE MA A4 F
B A G Ak w2 Ak A % E2of Bt
Auke] AR W A=A SRS $iste] 2 QAP Thopet 23}
o AEE Aol that a8 Felglo] WAsSILE, FEAS o] §
so] 2} MA| QlAbE Aol ME P 53 HES AWt
WEE HA AAE F A 23S F Y A A4 945 3

AEE F4E 59 —'T‘—@] /\] 8 22 9 35 59 AsS
913t FEA 34 HEL Fig. 63 o] F+4Jsk3ict. a4 HHle
CATIAE A3l malgsldar, AA AYA-S Hypermesh, ¢l
% o4 AbaqusE ARESHRILE. UARETS] A5 S0l HF
o] =P AJo] "o B2 Mesh SizeE 0.12 AR oH, &
E AR gl 277 28O Mesh Size:= 1.0 mmE YAISHTH
HEE FA etk ok Aozt oyt Node 7= of

1,000,007}, Element'= F 5,000,000} &2 451}, &
Hpao EEeo] olAEES sty oslo]
Shank F-of| Pretension SectionS AJAISIo] QAL Hojsh=
Pretension Bolt 7]¥S A}83}%92m, Contact Property=
Penalty MethodS AME-3}%T}H4].

2} WEwel vhaASE A4l $E nhAS AF 3



ZHUISEX| M39F M105

o

October 2022/ 769

Slot depth Slot shpae

Pp——

,
\

Slot length V shape U shape

Fig. 6 Cambolt FEA modeling and results
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Table 1 Specifications by design factor for verification

Design factor Specifications
Slot length [mm)] 32 29 27 24
Slot depth [mm] 1.5 2.0
Slot shape
. *-\ \ \ unv U single V single
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Fig. 8 Verification results by design factor
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Table 2 Definition and level of control factor

Table 3 Orthogonal array table

Level 2

Control factor Level 1 (Current spec.) Level 3
Slot length [mm]
E 29 32 27
Slot shape
Y : } 4 ) Usingle uv V single
Slot depth [mm)]
N/A

H 1.5 2.0
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A (Slot Length): 29 mm
B (Slot Shape): V single
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Control factor

Yield
A B c load
lot 1 1
Slot length Slot shape Slot depth [kN]
[mm)] [mm)]
1 29 U single 1.5 91.9
2 29 u/wv 2.0 78.8
3 32 V single 2.0 86.3
4 32 U single 2.0 82.1
5 32 u/v 1.5 84.3
6 32 V single 2.0 84.8
7 27 U single 2.0 83.7
8 27 u/wv 2.0 79.0
9 27 V single 1.5 87.8
0O S/N ratio
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85 S A\ / \ : T . T :
= N 2 | 38.52 | 38.13 | 38.32
0 3| 38.42 | 38.72 ~
e M,“,“r 781737783 7(17(27 a 0.17 | 0.59 | 0.58
0O Mean
Mean J A B \ C ‘
90.0 - T 1
88.0 — 1| 85.33 | 85.92 | 88.16
v
40 B= 2 | 84.39 | 80.67 | 82.45
wo B/ | ' —
800 3| 83.48 | 86.31 | >
78.0 =
76.0 . A 1.85 5.64 5.71 ‘
Al A2 A3 81 82 B3 a L | | |
Fig. 9 DFSS result (S/N ratio, mean value)
L iy === r-=-==== |
: DFSS Second | Cam-Insert :
Control Factor | Level | 1 Level |2 Level | 3 Level )
|0pt|mum -Best |Comparison :
A | Slot length 3 32mm | 27mm E 29mm 29mm 29mm i
B | Slot shape | 3 |Usingle| U/V :j?‘singi:e:}: Vsingle | Usingle| V single :
C | Slot depth | 2 ¢ 2.0mm ' 1.5mm | 1.5mm | 2.0mm :

BAL 352 AAIon] A AL oot ek,

@ DFSS Optimum: a3t Al Aa} 7% 2F Alof AR
SRES K

@ Second-Best: 21n 3 Al At ws 22 117y QX
2 T F A =2 g 7=

(® Cam-Insert Comparison: o=
A% W) AHHom GRe 714 U dekklis 240 7
2 23 e exjolEg 23 N



October 2022 /771

21%
100 19%

80

60

Yield Load (kN)

40

20

Current Cam- Second DFSS Normal
Cambolt Insert -Best Optimum Bolt

Fig. 11 Yield load by cambolt specification
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Fig. 12 Optimized cambolt required cases
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