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Abstract- This paper focuses on the Design and Analysis of the Welding Fixture for Motor Case Assembly. A Motor case 
assembly is a part of the rocket boosters which is made of Maraging steel MDN 250 grade a well known material in the 
aerospace domain for it high strength to weight ratio and it also possesses a good weldabilty property. The application of a 
motor case is to store the solid propellant such as Black powder (BP) propellants [Composed of charcoal (fuel), potassium 
nitrate (oxidizer), and sulfur (additive)], Zinc–sulfur (ZS) propellants [Composed of powdered zinc metal and powdered 
sulfur (oxidizer)] etc. Motor case assembly consists of four main parts i.e. Head end sub-assembly, Tube I, Tube II and Rear 
end which have to be manually welded using TIG Welding sequentially in an corresponding order. The welding has to be 
carried out to meet the specified tolerance and weld quality. Since, the length of the motor case assembly is approximately 
about 4 meters the need for welding fixture is established and also some of the brackets and ducts have to be welded on the 
motor case assembly. To meet the required tolerances on the motor case assembly the shaft/support pipe is designed as a main 
part of the welding fixture and the different parts are mounted on this shaft /support pipe. The analysis is carried out to have 
a optimum shaft dimension so has to have minimum deflection on it. To have a proper clamping effect on the components of 
Motor case assembly the finger clamps are used and corresponding lifts are evaluated using Analysis. All the analysis part is 
carried out using CATIA V5 R17.  To meet the required weld quality on the motor case assembly the welding is carried out 
in the presence of the Arsenic Copper Weld backup tool with the purging facility which possesses a high thermal conductivity 
than Maraging Steel. Since, the mass plays an effective role in dissipating the heat produced during the welding operation, the 
mass of the Arsenic copper is found and the inert gas used in purging is Argon. All the modeling of the components has been 
carried out using UNIGRAPHICS NX8.0. 
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I. INTRODUCTION 
 
Solid rocket systems are used extensively in situations 
in which the total impulse is known in advance and 
restart is not required. Structurally, a solid rocket 
motor (see Fig. 1) consists of the solid propellant grain 
itself, the liner, whose primary purpose is to provide 
an adhesive bond between the propellant grain and the 
case insulation; the case insulation which provides 
thermal protection to the case from combustion 
products and also structurally supports the propellant 
grain with the motor case. Any one of these structural 
elements may become the weakest link in the 
propellant grain structure. A rocket motor case is used 
only for a short duration during flight. 

 
Fig 1: Cross-section of a typical rocket motor: (A) chamber; (B) 
head end dome; (C) nozzle; (D) igniter; (E) nozzle convergent 

portion; (F) nozzle divergent portion; (G) port; (H) inhibitor; (I) 
nozzle throat insert; (J) lining (K) insulation; (L) propellant; (M) 

nozzle exit plane;(N) SITVC system; (O) segment joint. 

Motor case assembly consists of four main parts i.e. 
Head end sub-assembly, Tube I, Tube II and Rear end 
which have to be manually welded using TIG welding 
sequentially in an corresponding order with specified 
tolerance and quality. 
In order to keep in track with the tolerance and the 
quality of weld a proper welding fixture has to be 
designed.  
The copper-arsenic back-up support bar with purging 
facility which blows out the hot gas with the influence 
of high pressurised inert gas blown into the groove 
machined exactly below the weld line (a tiny hole is 
provided for heat to escape during welding) is used in 
order to maintain the quality of the weld by rapid 
cooling.  
The heat evolved during the welding is taken by the 
copper-arsenic bar due to its property of high thermal 
conductivity and the provided purging holes will make 
way for the heat to escape into the atmosphere.  
 
The desired final component is as shown in the Fig 2.  

 
Fig 2: Motor case assembly 
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Specified Tolerance on the Componet is as shown in 
the Fig3 

 
Fig 3: Tolerance on Motor Case 

 
II. LITERATURE SURVEY 
 
Siva Sankara Raju R et. al have reported the material 
properties of the maraging steel and NiDI  has been 
used to work on the welding and its weld parameters of 
maraging steel. 
 
M C Mittal et al have experimented successfully on  
the GTA(Gas Tungsten Arc) welding of maraging 
steel using the copper back-up plate with the purging 
facility to analyze the fracture toughness. 
 
M.Varul et al have examined the effect of welding 
fixture to prevent the weld distortion, which are very 
much taken into consideration while designing the 
welding fixture. 
 
Hui Wang et al have reported the direct impact of 
fixture on the product manufacturing quality, 
productivity and cost. The methodology of building a 
fixture has been reported, which will be a guideline to 
design the welding fixture. 
 
Iain Boyle et al have stated the basic fixture design 
principle, the flow chart of the design steps to design 
the weld fixture has been stated and 3-2-1 principle of 
location has been explained in this paper that has been 
considered while designing the fixture. 
 
According to H.T. S´anchez and M. Estrems. F, the 
final precision with which work piece are formed 
strongly depends on good design and correct operation 
of fixtures . The main errors introduced by fixtures are 
related to positioning, indentation and structural 
deformation that has been reported in this paper. 
 
F. Sikstrom et al  reported in his paper the influence of 
the clamping force on the structural integrity of the 
GTAW welded work piece. The paper has been studied 
and considerable clamping force calculations have to 
be carried out in designing of the welding fixture. 
 
G. R. Stoeckinger et al have conducted a successful 
experiments on computerized prediction of heat 

distribution in welding tool and they have used the 
expressions of thermodynamics to arrive at the heat 
transfer efficiency and heat energy. 
 
III. CALCUALTIONS AND ANALYSIS 
 
A.  Weld Backup Support 
Backup supports are used for welding of significant 
thickness work for easy penetration control where 
welding is carried out from one side only. The role of 
backup support is also essential to protect the under 
bead from atmospheric oxidation.  This is achieved by 
gas purging and ensures that the under bead is smooth 
and of high quality. 
 
The backup support can be divided into three 
categories depending on type of welding. 
1) Back-up support for L-seam welding 
2) Back-up support for cir-seam welding 
3) Back-up support for planetary welding 
 
The width (w) of the back support is the sum of the 
distance between two clamps, width of pressure 
exerting area of the clamps and additional width to 
hold the joint properly. All the above categories of 
back support can be sub divided on the basis of type of 
grooves provided. 
 
The selection of grooves:  
 The groove type (I) is selected for large diameter 
cream and l-seam welding where the shell thickness 
(skin/ component thickness) is not less than 4mm and 
under bead to be Flushed with parent material. The 
groove width is a variable factor with respect to the 
sheet (component) thickness.  
    The groove type (ii) is selected for small diameter 
planetary (circular) welding where under bead need 
not have to be flushed to parent material.  The groove 
width and depth are variable factors.  
 The groove type (iii) is generally deployed to AC 
weld where the purging call from both top and bottom 
faces of weld, and the gas used is Argon (specific 
gravity is 1.6 kg/chum).  The groove width   depth and 
radius are variable factors with respect to the sheet 
thickness. 

 
Fig 4: Types of grooves 
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In this case, we have opted for Type-III of the groove 
and corresponding dimensions have been given to the 
weld backup support. The heat to be dissipated 
depends largely on the mass of the backup support. 
Hence, calculation of the mass has been carried out in 
the next section. 
 
B. Mass of Weld Backup support 
HEAT INPUT [H] 
In arc welding, the total heat energy H, generated by 
power source is given by 
H=EI/V J/mm 
 Where,      
E= Voltage   = 12V 
I= Current      = 180A 
v= Travel Speed =280mm/min =280/60 = 4.66 mm/s 
Therefore, H= (12 x180)/ 4.66 = 462.85 J/mm 
The actual heat transferred to the work piece 
considering small electrical losses in arc   
Hn = (f1 x E x I)/v = f1 x H 
Where,  
f1 = Heat transfer efficiency 
f1 =0.7 for TIG Welding 
Hn= 0.7 x 462.85  
Hn= 324  J/mm 
 
HEAT ENERGY IS USED TO MELT THE 
MARAGING STEEL (Hm) 
Hm = [Hf (Tm-To)] W/L 
Where,  
Hf = Heat of fusion =1126x10 3J/kg (for M-250)                           
C=Specific heat of weld metal = 0.813 x 103  J/kg (for 
M-250) 
Tm=Melting temperature of base metal = 1413 0C 
To= temperature of base metal prior to weld = 200C 
W= Weight of the deposited weld metal = AL 
Where,       
A=C/S Area of weld beam = 14.57mm2(from bead 
cross-section) 
L= Length of weld metal deposited = 2 x  x r 
Where, 
r= is the radius of the component to be welded. 
L  =  x 418.4 
L =1314.44 mm 
 = Density of weld metal  (Al) = 8.1 x 103  Kg/m3 
There by,   
W = AL = 0.155 Kg 
Therefore, 
Hm =[Hf+C (Tm-To)] W/L 
Hm = 266.54 J/mm 
 
HEAT DISSIPATED TO COMPONENT AND 
TOOL 
Q = Hn – Hm  
 = 57.45 J/mm 
Q =Heat absorbed by component + Heat absorbed by 
tool. 

    = (m C dT)M-250  +  (m C dT)As Cu    
= H(M-250) + Hb 
  Where,  
Mpart =Mass of Maraging Steel  
Cpart = Specific heat of Maraging Steel 
M As Cu   = Mass of back up bar 
C As Cu   = Specific heat of back up bar 
dT = Change in the temperature/rise in temp of back 
up bar = 75˚C approximately 
 
MASS OF MARAGING STEEL (M part) 
               Mpart =  x V 
   
Where,  
 = Density of M-250= 8.1 X 10-3 kg/cm3 

V = Volume     = A x L = 13065.883 x 0.15 = 
1959.882 mm3 

 
Where, L= 150mm, effective heat transfer length 
Mpart = 0.0158kg 
HEAT ABSORBED BY PART [Hpart] 
Hnet            = (m C dT) part = 3355.7 J  
For unit length,        Hpart       = D/Hnet        =2.55 J/mm 
 
HEAT ABSORBED BY ARSENIC COPPER BACK 
UP BAR  
Hback           = Q – Hb    
 (2.55 – 57.45) D  = - MAs Cu x 380 x (113-38) 
72162.8859  =  MAs Cu x 28500 
Back Up Mass, MAs Cu = 2.532 Kg 
 
Considering the weld parameter the mass of the 
backup tool is approximated as 2.5Kg.  
 
Rise in temperature in back up tool considerably high 
in the range of 90-150 ˚C and hence it is 
recommended not to touch the backup tool after 
welding. Allow the tool to cool and then disassemble 
the tool set up used for welding.  
 
The below Table 1 shows the iterations carried out for 
various weld parameters and their corresponding 
value of mass of Arsenic Copper. 

 
Table 1: Calculations for  Mass of backup support 

 
The Average of all the positive values of the MAsCu is 
2.05 Kg. Hence, the value greater than the 2.05 kg has 
to be opted so that the heat dissipation is satisfactorily 
carried out during the welding operation. From the 
above calculations and the graph, it can be concluded 
that for 12V & 180A, a minimum of 2.5325Kg of 
back-Up mass is sufficient to dissipate the heat 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092,    Volume- 2, Issue-8, Aug.-2014 

Design and Analysis of Welding Fixture for Motor Case Assembly 
 

57 

satisfactorily. But, the thickness will be very less, as 
per the strength & rigidity concerns. Hence, a nominal 
20mm thick minimum is sufficient to address the 
thermal as well as strength requirements as per the 
calculations carried out.  

 

 
Fig 4: Mass of backup support  

 
C. Collapsible Mechanism 

 
Fig 5: Collapsible weld Backup Ring 

 
The taper of 3˚ helps to collapse the whole of the weld 
backup ring when the ring is subjected to some force 
while unloading the whole of the component in the 
designed welding fixture. The material used in this 
mechanism is Arsenic Copper which has the higher 
thermal conductivity than Maraging steel. 
 
D. Analysis of Shaft and Clamps 

 

 
Table 2: Iteration carried out to arrive at optimum shaft 

dimensions 
Formulae 
Deflection at a distance X from one of the Simple 
Supports of a Simple Supported Beam,  

    

Where,   
P = load, Kg 
a= distance from one end to the Load acting point, mm 
b = distance from other end to the Load acting point, 
mm 
L = Total Length, mm 
E = Young’s Modulus, GPa 
I = π * (D4- d4)/64, mm4 

E Mild Steel = 207000N/mm2; E part = 207000N/mm2 
From the above calculations, we arrive at 8mm 
thickness shaft with its outer diameter 200mm and 
inner diameter 184mm which possess minimum 
bending deflection for the configurations stated. 
 
The Below graphs show the clear criteria for selection 
of optimum shaft  

 

 
Fig 6: Deflection of Shaft and Motor Case 

 
7.4 Stress Calculations 
We know that,     

Force (P) due to self weight =  2150 N 
Factor of safety = 2 

 

 
E.  Deflection and Stress Analysis of Support 
pipe/Shaft 
The loads acting on the shaft are as stated below and 
the corresponding free body diagram has been shown 
in the fig  
 
1. Self weight of the shaft  : 215Kgf  or  2150N       
(assuming, g=10m/s2) 
2. Weight of motor casing : 143Kgf  or  1430N 
As motor casing assembly is supported by the shaft at 
igniter boss and rear end at distances of 360.5 and 
4130 mm from head end assembly end.   
Considering, FACTOR OF SAFETY =2 

 
Fig 7: Free body diagram 

 

 
Fig 8: Deflection Analysis on Shaft using CATIA V5 R17 
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Fig 9: Stress Analysis on Shaft using CATIA V5 R17 

 
Comparison of analytical and theoretical values for 
Support pipe/Shaft 

 
Table 3: Comparison of analytical and theoretical results 
 
F. Finger Clamp Force and Deflection Analysis 
In Steel Welding, for the given component 
50-100Kgf/cm of clamping force is required to control 
the mismatch of the weld-joint. Along the 
circumference, taking the 100Kgf/cm, the force 
required from one clamp is calculated. 
Total number of clamps used is 46. This value has 
been derived from the existing finger clamp 
dimension which has the width of 28 mm. Therefore, 
Total number of clamps  =  πD /28 = 1314,442/28= 
46.94 i.e. 46 clamps  
Total force required = πD x 10 cm = 13144.42 Kgf 
Where - ‘πD' is the Circumference , D= 418.4 mm  
So, force on each clamp = 13144.42 / 46= 2857.5N  
( taking, g = 10 m/s2 ) 
The theoretical background of the strap clamp is used 
in the effective finger clamping system. The force of 
2857.5N has to apply to have an effective clamping 
force which enables less distortion and ensures fewer 
defects on the welding. 
An M10 stud is used in the finger clamp as per the 
metric table in the fig 10. 

 

 
Fig 10: Table for selection of the stud 

The finger is butting the component, & being loaded by the 
reaction force of the screw as shown in figure. 

 
Fig 11: Finger clamp Boundary Conditions 

Around 2.99 mm maximum displacement is provided to the 
finger as it rotates about the fulcrum, while tightening. 

 

 
Fig 12: Finger & Translational Displacement Vector 

 
IV. EXPERIMENTAL SETUP 
 
G. First Weld Setup: Head end sub-assembly to 
TubeI(W10) 

 
H. Second weld setup: W10 to Tube II (W20) 

 
I. Third Weld setup: W20 to Rear end (W30) 

 
Component after above three welds: 

F = 2857.5 N 
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The brackets and ducts are welded using templates as 
shown below: Brackets and ducts to W30 

 
 
RESULTS AND CONCLUSIONS 
 
In this paper, the welding fixture for Motor casing 
assembly is designed successfully and in this process 
of designing 
 The modeling of each parts of the Motor casing 
assembly and the welding fixture is carried out for the 
better visual realization of the components, the 
modeling of the parts is modeled using the software 
package UNIGRAPHICS NX 8.0. This method of 
modeling the parts evolves the better analysis towards 
the tolerances and helps in keeping intackt with the 
specified tolerance on the parts and also the fixture 
design. 
 The collapsible mechanism of the weld backup tool 
with the purging facility is provided to have a sound 
and quality on the weld. 
 The optimum shaft/support pipe of outer diameter 
200mm and 184mm inner diameter has been derived 
from the theoretical calculations and the same has 
been subjected to analysis and the stress and deflection 
error was found to be 5.6% and 4.94% respectively. 
 The calculations using the thermal aspects of the 
arsenic copper and the maraging steel enables one to 
arrive at the optimum mass of the back-up support bar, 
which was found to be 2.5325kg and this ensures that 
the heat evolved during the welding of the joint is 
absorbed towards the backup support ring and the 
mass of this back up support is calculated in order to 
sustain this hot gas without much of a thermal 
expansion. 

 
 The analysis of the clamps has concluded the use of 
M10 stud would have a effective clamping force 
transfer through the finger clamp that has been used in 
this design. 
 The sequential weld setup gives a clear focus on the 
process of the weld to be carried out in the welding 
fixture. 
 To minimize the deflection on the shaft as well as 
the motor case assembly the roller support assembly is 
used and it also enables to rotate the whole assembly 
while welding operation is in process. 
 The designed welding backup, Optimum shaft size, 
Clamping system in action, locators provided in the 
welding fixture enables to achivev the required 
tolerance on assembly and quality on the weld.  
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