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ABSTRACT

In this study, the experimental and analytical investigation on structural integrity evaluation of spline shaft of
self propelled artillery’ generator were carried out. For this work, macro and microstructure fractography of spline
shaft were observed. According to the results of the structure analysis and simulation, the shaft was redesigned and
optimized. To improve the stiffness and shear stress, the material was changed from the SNCM220 to SNCM439
and surface roughness and protective coating treatment are changed to increase the stress relaxation, respectively.
From the result of the torsion test of shaft and accelerated life test of generator, the shaft of a SNCM439 with
heat-treatment(Q/T) and electroless nickel plating was superior quality reliability and durability than the others.
Therefore, modeling and simulation corresponded well with the experimental result and structural safety was

confirmed by generator performing.
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Fig. 2. SEM fractograhy of spline shaft
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Fig. 3. 3D model and boundary condition of spline
shaft

. Shear stress of spline shaft

Classification Theoretical Value

Calculation

Maximum Power

V x 1/ efficiency = 28 x 650/0.65 (efficiency : 65 %)

®) 37.55 HP =29 kW = 37.55 HP (1HP = 0.735 kW)
V : Maximum Voltage (28 VDC), I : Maximum Ampere (650 A)
P/w = 716,200 HP/N (kgf- mm)
Maximum Torque 11,444 kegf- mm = 716,200 x 37.55/2,350
(T) (112,227 N - mm) P : Maximum Power (37.55 HP), o : Angular Velocity (rad/sec),

Conversion Factor :

716,200, N : Rotation Velocity (2,350 rpm)

Shear Stress 11.87 kgf/mm? T
(@) (116.40 N/mm?) r

T=Tx /] = (11,444 x 8.5)/(n17.0%32)

: Maximum Torque (11.444 kgf- mm),

: Fracture Radius (8.5 mm)

J : Polar Moment of Inertia of Area = nd*/32
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Table 2. Redesign of the spline shaft
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Fig. 5. Schematic of the torsion test

Table 4. Fracture torque result of the spline shaft

I N M =
T oiotE 3 oictE3 Hals
(N-m) (N-m)
#1-1 294 -
#1-2 304 -
#2-1 - 314 32 %
#2-2 - 333 9.6 %
#3-1 - 343 129 %
#3-2 - 382 25.8 %
#4-1 - 461 51.6 %
#4-2 - 461 51.6 %
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Fig. 6. Picture of a accelerated life test of the
generator

Fig. 7. Picture of magnetic particle test(MT) of the
spline shaft after a accelerated life test of

the generator

Table 5. Loading conditions of generator

. Al RS nygst | #sgst | & gop | HEF IHRIIE)
(HR) (RPM) (A) (A) (A) ON OFF
1 2.5 2600+26 320 330 650+50 8 52
2 7.5 5120451 320 330 650+50 8 52
3 15.0 3520435 320 330 650+50 8 52
Table 6. Results of accelerated life test of generator
T = T 4 YA 21t
a8 =97t 273287 V 279 V TATEH
Ze 5ol S0420 A 24 H 6.0 A ©la 0.7 A TAES
(2400+24 1pm) e R =Yg 273287 V 278 V TATEH
60020 A o 2AAF 6.0 A |8 32 A TAE
ZHAF =AY 273287 V 280 V TAESH
Z¥ 50l 5020 A AAAF 6.0 A 0|3 02 A TS
(8000080 rpm) zd48 =AY 273287 V 278 V TATH
600:20 A 2R 60 A |3 19 A TAES
uigk 50.0+5.0 psig 5%+ 17t 9 5.0 psig oI5} 0.4 psig TASS
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