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STRESS AND BUCKLING ANALYSES OF THE ARWY 
M198 HOWITZER TRAILS 

R. C .  Gwaltney 

This report presents stress and buckling analyses of  the 
Army's 155 mm MI98 Howitzer trails. The analyses of the current 
aluminum baseline component was done to evaluate the design mar- 
gins of  the present design so that this information could be used 
in the design of the new "lightened" or composite howitzer. The 
buckling analysis showed the effects of torsional buckling and 
the torsional stiffening effect of the transverse bulkheads in 
the trails. The torsional buckling effects have not been pre- 
viously reported in the literature. 

Kewords: stress, buckling, howitzer, trail torsional buckling, 
lateral buckling 

INTRODUCTION 

The U.S. Army is developing composite howitzers in the Army Light- 

weight Howitzer Program. Use o f  composite materials is rapidly increasing 

because of the considerable advantage they offer in strength-to-weight 

ratio. The Army i s  now stressing mobility, and this produces an incentive 

to lighten weapons so that they can be transported by air for rapid deploy- 

ment. 

laboratories is assisting the Armament Research and Development. Engineering 

Center with the development of  a 155 mm Howitzer system which weighs only 

9000 l b .  It was decided that the present M198 155 mm towed howitzer system 

should be reduced from its current weight of  16,000 lb to 9000 lb primarily 

by substitution of  composites for the aluminum and steel structural compo- 

nents. 

Technology Laboratory by designing, analyzing, and structurally testing 

lightweight composite replacement components such as the top and bottom 

carriage for the M198 howitzer. 

The Army Materials Technology Laboratory with other Army research 

Oak Ridge National Laboratory is assisting the Army Materials 

As part of the Oak Ridge support, the current M198 howitzer trails 

were structurally analyzed both for stress level and buckling mode. The 
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analysis was done to evaluate the design margins of the present system so 

that this information could be used in the design of the new "lightened" or 

composite howitzer. These analyses are presented in this report. 

PROBLEPI DESCRIPTION 

The current M198 howitzer trail was analyzed for a vertical reaction 

force of  22,142 lb applied to the spade end and a horizontal reaction force 

of 43,292 lb acting on the spade blade which produces a moment of 432,920 

in.-lb applied to the trail. end. The reactions acting on the trail were 

calculated in a dynamic force analysis reported in Ref. 1 and shown in Fig. 

l . (a).  The plates on the top and bottom of the trail through which the 

hinge is pinned to the bottom carriage carry the reactions into the car- 

riage [see Fig. l(a)]. The trail is an aluminum weldment approximately 17 

ft long. It consists of a tapered box section 22 in. by 10 in. at. the 

hinge pin end and 13 in. by 10 in. at the spade end. The box section 

consists of four 3-in. by 4-in. angles with side, top, and bottom plates. 

The top and bottom plates are tapered from 1/4 in. thick at the spade end 

to 1/2 in. thick at the hinge pin end. Eleven bulkheads are 1ocatc:d at 

various intervals along the inside length of the trail. These bulkheads are 

1/4 in. thick. 

FINITE E1 MODEL 

The ADINA general purpose code was used for the analysis since t:his 

code i s  recognized for its ability to do linearized and nonlinear buckling 

analysis as well as having most other capabilities for the analysis of  com- 

plex structural problems. 

is shown in Fig. l ( b ) .  The model contained 244 nodes and 286 four-node 

shell elements. The plates, angles, and bulkheads were all constructed out 

of shell elements. 

The finite element model used for the analysis 
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(a) 

Fig. 1. (a) Schematic of trail showing applied loads, ( b )  finite- 
element model of the current M198 howitzer trail. 

Stress Analvsis 

The calculated axial stresses €or the assumed loading conditions are 

shown in Figs. 2 and 3 .  These views are looking at the side, top, and 

bottom of the trail. The stresses on the bottom surface are tensile since 

the trail is being bent in an upward direction while the stresses on the 
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Fig. 2. (a) Axia l .  stress on the inside surface of the p l a t e s ,  t o p  and 
side view, ( b )  axial stress on the inside surface of the plates, bottom and 
side view. 



5 

ORNL-DWG 87-4467 ET0 

32538.- A 

27528.- B 

22526.- C 

17523.= D 

12521.= E 

7518.0 F 

2 5 1 6 . ~  G 

- 2 4 8 6 . ~  H 

- 7 4 8 9 . ~  I 

-12431 " =  J 

-17494.- K 

-22496,- L 

- 2 7 4 9 8 . ~  M 

-32581 .= N 

-37503.m 0 

32538.= FI 

27528.e 8 

22526.= C 

17523.t 0 

12521.= E 

7518.r F 

2:'516.= ci 

-2486.n H 

-7489.6 I 

-12491 . =  J 

-17494.= I: 

-22496.= L 

-27498.= M 

-32581 . =  N 

-37933. * 0 
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top sur face  a r e  compressive. The high s t r e s s  regions are shown t o  be a t  

t he  spade end, a t  t he  bottom angles  between the  second and t h i r d  bulkhead, 

and around the  hinge p i n  o r  b o l t .  The s t r e s s e s  a t  the  spade end are f i c -  

t i o n a l  because the  spade i t s e l f  w a s  no t  modeled and the  loads are appl ied 

along the  bottom edge of the  end p l a t e  on the  t r a i l .  The maximum stress is  

approximately 66,000 p s i  i n  the angles  between the  second and t h i r d  bulk- 

heads from the  spade end. A s  can be seen by Figs .  2 and 3 ,  the  center  

region o f  t he  t r a i l  a c t s  as a beam i n  bending wi.th l i t t l e  var i -a t ion  o f  the 

s t r e s s e s  through the  p l a t e  thickness .  Only a t  the  two ends does the  s t r e s s  

s ta te  become much more complex. The stress s t a t e  i n  the  top and bottom 

p l a t e s  i s  almost constant  ( t h e  top is  compressive and the  bottom i s  

t e n s i l e ) ,  b u t  it should be remembered t h a t  the  thickness  of t he  top and 

bottom vary ,  s o  the  forces  and moments i n  these  p l a t e s  vary with length .  

Because of the p l a t e  bending taking p l ace ,  t he  fo rces  and moments i n  the  

t r a i l  a r e  not  s t a t i - c a l l y  determinate and the  s t r e s s e s  can on1.y be calcu-  

l a t e d  by three-dimensional methods. However, it i s  obvious t h a t  the t r a i l  

c e n t r a l  region can be approximated by beam-type ca l cu la t ions .  A sample 

ca l cu la t ion  a t  188 i n .  from the spade end using s t r eng th  of  inater ia ls  bear11 

equati-ons and sec t ion  p rope r t i e s  from Ref. 1 w a s  done, r e s u l t i n g  i n  a 

stress of -11,047 p s i  i n  t r a i l  top sur face  r i g h t  before  the  l as t  bulkhead. 

The computer-calculated stress l e v e l  f o r  thi-s area i s  approximately -12,300 

p s i  as can be seen i n  Figs .  2 and 3 .  

Buckling Ana1ysi.s 

The buckling ana lys i s  of the  t r a i l  i s  similar t o  the  ana lys i s  o f  a box 

beam s t r u c t u r e .  However, the  t r a i l  has i n t e r n a l  bulkheads t o  increase  t o r -  

s i o n a l  s t i f f n e s s .  Since the t r a i l  i s  loaded by a v e r t i c a l  fo rce  and a 

bending moment: a t  one end and i s  f ixed  a t  the  o ther  end, it a c t s  as a 

cant i levered  box beam. The l i nea r i zed  buckling ana lys i s  encoded i n  the  

ADINA program w a s  used t o  calcul.ate the  f i r s t  f i v e  modes of  buckling i n  the 

t r a i l ,  keeping the  r a t i o  of the  v e r t i c a l  force  t o  the bending moment  he 

s a m e  as i n  the  s t r e s s  a n a l y s i s ,  Notice that: the  buckling deformations 

ca l cu la t ed  would be d i f f e r e n t  i f  the force  t o  bending moment r a t i o  were 

changed. Because of  the kinematic r e l a t i o n s  (deformations) between the  
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forces  and moments of the p l a t e s  i n  the t r a i l ,  the  r e l a t i o n  between the  

force  and moment are not  l i n e a r .  

somewhat a s  the load configurat ion is changed. 

Therefore,  t he  buckling loads w i l l  vary 

The computer-calculated buckling modes a r e  shown i n  Figs. 4 through 8 .  

An exaggerated f a c t o r  is used t o  show the  deformed shape of the  buckled 

modes. The f a c t o r  i s  such t h a t  the maximum displacement is  drawn as i f  it 

were equal t o  one- ten th  of the  maximum dimension of the  t r a i l  and a l l  other  

displacements a r e  scaled accordingly.  The t r a i l  seems t o  be i n  a s t a t e  of  

l a t e r a l  buckling i n  a l l  f i v e  modes. 

a l a t e r a l  buckling mode when loaded a t  the f r e e  end by a v e r t i c a l  force 

( l i k e  a shear fo rce ) .  La tera l  buckling i s  a combined t o r s i o n a l  and f lexure  

buckling mode. A s  can be seen i n  Figs .  4 and 5 ,  there  i s  some m a l l  amount 

A can t i l eve r  beam usua l ly  co l lapses  i n  

ORNL-DWG 87-4468 ETD 

Fig. 4 .  F i r s t  mode buckling shape of  the cu r ren t  MI98 h0witze.r t r a i l  
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Fig.  5 .  Second mode buckling shape o f  the  cu r ren t  M198 howitzer 
t r a i l  I 

of t w i s t  along with the  f lexure  deformation. The t h i r d  buckling mode shape 

(Fig.  6 )  i s  a c lass ic  l a t e ra l  buckling mode. The fou r th  and f i f t h  modes 

show l a t e r a l  buckling even though not  as much t w i s t  takes  p lace  i n  these 

two modes. 

Comparisons of the  s t r e s s e s  i n  the uniformly s t r e s s e d  po r t ion  of  the 

t r a i l  away from the  ends when buckling occurred were made t o  the  buckling 

stresses determined by a n a l y t i c a l  procedures and are l i s t e d  i n  Table 1. 

The method due t o  Oplinger and Gandhi2 f o r  the  f lange  c a l c u l a t i o n  uses a 

long simply supported uniform rectangular  p l a t e  t o  model the  compression 

f lange .  This compares very wel l  with the f i r s t  two o r  t h ree  buckling 

modes. 

bu t  it should n o t ,  s ince  t h i s  method i s  based on the  shear  s t r e s s  i n  the  

web, a phenomenon which i s  neg l ig ib l e  i n  the t r a i l  s i d e  o r  web p l a t e s .  

Oplinger and Gandhi's method f o r  the web does not  compare as wel l ,  
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Fig. 6 .  Third mode buckling shape o f  the current M198 t r a i l .  

Table 1. Comparison of buckling stresses 

Flange Web _ _ _ ~  
Oplinger and Oplinger and Buckling mode 

ADINA Gandhi procedure ADINA Gandhi procedure 

First mode -21,850 -23, 075a -8,800b -18,300' 

Second mode -23,800 -9,600 

Third mode -25,830 -10,400 

Fourth mode -27,100 -10,930 

Fifth mode -28,450 -11,470 
- 

aThe flange tapers from 1/4-in. to 1/7-in. thickness. This value is 
calculated using the 1/4-in. thickness (using the 1/2-in. thickness, this 
value is 92,300 psi). 

bhis is the average stress in the web assumed for this calculation. 
As Figs. 2 and 3 show the stress varies through the depth of the web. 

based on the 13-in. depth (using the 22-in. depth, this value is 6,390 
psi). This value is a shear stress. 

web depth varies from 13 in. to 22  in. This value is calculated 
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Fig. 7. Fourth mode buckling shape o f  the current M198 trail. 

These plates may have some shear stress loading but the dominant stress 

state is a nonuniform longitudinal compressive stress as can be seen in 

Figs. 2 and 3 .  In the open literature, the equation for tal-culating t:he 

critical buckling stress in a box beam is given as:3 

7T2E 
c r =  
CT 1 2 ( , 1  -- v 2 )  ’ 

where E is modulus of elasticity, v is Poisson’s ratio, h is plate thick- 

ness, and b is the depth of the box beam. The constant K will vary from 

4 .7  to 6.4  f o r  the present trail configuration. This equation will over- 

predict the critical buckling stress since Oplinger and Gandhi’s procedure 

for the flange has the same equation form except that K is equal to 4 

corresponding to a plate of infinite length. The open literature equati-on 
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Fig .  8 .  F i f t h  mode buckling shape of  the  cur ren t  M198 t r a i l .  

f o r  the  s i d e  p l a t e s  t o  buckle under the  nonuniform longi tudina l  compressive 

s t r e s s  i s  of  t he  same form, but  X can vary from 8 . 4  t o  2 9 . 1  depending upon 

the  d i s t r i b u t i o n  of the  nonuniform compressive s t r e s s  i n  the s ide  o r  web 

p l a . t e s . 3 ) 4  Again, t h i s  equation or  ana lys i s  method would overpredict  the  

c r i t i c a l  buckling s t r e s s .  

DISCUSSION OF RESULTS 

The Qplinger  and Gandhi procedure gave the c l o s e s t  approximation t o  

the  f i r s t  buckling mode ca lcu la ted  by the  computer code. However, it 

should be pointed out  t h a t  the  comparisons were made i n  the  region of  the  

t r a i l  t h a t  a c t s  l i k e  a box beam. As noted e a r l i e r ,  l oca l i zed  higher  

s t r e s s e s  a re  ca l cu la t ed  i n  the  t r a i l  than are predic ted  by t h e  a n a l y t i c a l  
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procedures from the open literature. Also the procedures do not consider 

the bulkheads which helped to reduce the torsion. Without the bulkheads 

the buckling loads would be lower. The designers need to keep these facts 

in mind as they calculate preliminary sizes using these open literature 

procedures. The open literature equations are more suited to beam column 

bucklimg not lateral buckling. 

The study presented in this report showed that the design of the cur- 

rent trail €or  the M198 howitzer is well designed, with torsional buckling 

taken into account. The bulkheads at various intervals along the trail 

provided for torsional stiffness which was needed to resist buck1 ng and LO 

increase the resistance to compression. It is clear from this study that  

torsional and lateral buckling must be considered. 
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