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                 The Stress at the Base of a Screw Thread*

                     Hajimu OKuBo**and Kageyuki KAGA***

                              (Received July 8,1969)

              The stress at the base of a screw thread was examined by means

           of electroplating. The results show that the peak stress at the base of

           screw attains maximum at the close vicinity of the ends of the screw

           thread and that the maximum stress is perceptively larger as compared

           to the stress for multple-grooves.

   With a view of eliminating the considerable di伍culty arising in mathematical

analysis, the stress occurring at the base of a screw thread is usually approximated

by the one for circumferential multiple-grooves. The stress at the close vicinity of the

ends of a screw thread, however, is apparently different from that for multiple-grooves.

   Though the problem is very complicated and out of the scope of theoretical

investigation, it is presumed from the common knowledge of elasticity that the stress

concentration near the ends of a screw thread is more intense than in multiple-grooves

but is more minor than in a single groove. As is shown later, in some instances,

however, the discrepancy of the stress concentration being perceptible in a single groove

and in multiple-grooves, reliable data useful for the design of machines and structures

cannot be secured from this presumption. But so far as the author is aware, little

information is available in connection with the sulbject.

   To investigate the subject experimentally, we begin with a torsion test for specimens

of 12 mm in outer diameter with a screw thread of Japan Industry Standard. The

pitch, the depth and the base radius of the screw thread are 1.75 mm,1.07 mm and

                                     O.25mm, respectively. The total number of
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                                     especially for the base radius.
 Fig.1 Test-piece, partially electroplated.

   Using the specimens plated with copper, the peak stress at the base of screw

thread was measured precisely along the thread by the electroplating method of stress

analysis which has been applied successfully to similar problems.1) The stress was

measured by observing the grain growth in the deposit copper, caused by cyclic stressing,

in stead of the flecking on the surface of the plated copper, since the examination of

grain growth is more favourable for the accurate measurement of highly localized
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stress．The strain amp1itude generating grown－grains in deposit copper for an assigned

number of cyc1ic stressing being fomd by a ca1ibration test，the stress at the base of

the screw thread is readi1y estimated by observing the number of cyc1es of stressing

for which grain growth begins to occur in deposit copper．
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            Fig．2 Stress concentration factor a1ong the screw thread，torsion．

   The resu1t thus obtained from the torsion test for three specimens is shown in

Fig．2．In the igure，the abscissa，m，represents the mmber of tums from both ends of

the screw thread，Fig．1，showing the1ocation of the base examined，and the stress

concentration factor，后，is based on the minimum diameter of specimens．The screw

thread was so cut for every specimen as it attains the subscribed depth，1．07mm，at

m＝0．5，so the cross sectiona1area of the specimen becomes uniform when m＞1．Con－

                                     sequent1y，the examination of the peak stress

（σ） （b）

Fig．3 Grown－grains appeared in deposit

      copper． （a） m＝5．5， （b） m＝0．9

at the1ocations near m＝0．5and m＝1，is most

essentia1in this test．

   The experimenta1resu1t shows that the

peak stress at the base of screw thread attains

maximum at the1ocation m＝0．9c1ose neigh－

bourhood of m＝1，as is shown in the丘gure．

The maximum stress is about7．5 percent
1arger as compared to the peak stress at the

1ocation su冊。ient1y distant from the ends of

the screw thread，name1y at m＝5．5．For com－

parison，the apPearance of grown・9rains at

those1ocations submitted to the same cyc1ic
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stressing of3．5×106，is shown in Fig．3．

   For circumferentia1mu1tip1e－grooves，a formu1a of the stress concentration factor

has been introduced by a simp1e procedure1），which a11ows to specify the depth，the

base radius and the pitch of grooves．The stress concentration factor eva1uated from

the formu1a is1．89，for the mu1tip1e－grooves having identica1

depth， base radius and pitch． The shape of grooves，

however，is s1ight1y different in detai1from that of the

screw thread herein treated，as is shown by a dashed1ine

in Fig．4．

   The experimenta1va1ue of后at m＝5．5is1．85，which
is fair1y in good agreement with the theoretica1one．This

apparent1y shows that the torsiona1stress in a screw thread

at the1ocat1on su笛。1ent1y d1stant from the ends1s［he F1g．4Sh，pes．f G。。ves

same with that of mu1tip1e－grooves identica1in shape and that the va1ue of后，measured

by means of e1ectrop1ating is satisfactori1y a㏄urate．

   In the same mamer，the stress concentration factor is obtained for a circumferentia1

sing1e－groove，identica1in shape．Comparison is made to the theoretica1va1ue eva1uated

from the author’s formu1a forσ一grooves3），having the same depth and base radius．For

the sing1e－groove，the experimenta1va1ue of后is2．50whi1e the ca1cu1ated va1ue is2．51

and they are in exce11ent agreement．Another theoretica1evidence showing the a㏄uracy

of the resu1t is that the ratio of the stress concentration factor of the screw thread to

that for the sing1e groove，a1most agrees with the theoretica1va1ue for in丘nite1y sma11

grooves・The experimenta1va1ue of the ratio herein obtained is1．85／2．50＝O．74，whiIe

the thoretica1va1ue for the grooves with sharp1y rounded bases is about0．76．4）

   In the same manner，a further test was made for bending．The maximum stress

o㏄urs at the same1ocation as in torsion，name1y at m＝O．9．In bending，however，the

magnitude of the maximum stress is considerab1y1arger as compared to the stress at

the1ocation su伍。ient1y distant from the ends，as is shown in Fig．5．The maximum

stress is about20percent1arger as compared to the stress at m＝5．5．Such a1arge

discrepancy in the va1ue of peak stress cannot be ignored practica11y and it is conc1uded

that the maximum stress o㏄urring at the ends of a screw thread cannot be approx－

imated by the stress at the bases of circumferentia1mu1tip1e－grooves，especia11y in

bending．

   When a screw thread，however，is so cut at the ends as the depth attains its

norma1depth very s1ow1y，the maximum stress wi11be reduced perceptive1y．For

instance，when the depth of screw thread attains the subscribed depth at m＝1．5，in

p1ace of m＝0．5，the后for the maximum stress reduces to3．10from3．37．Consequent1y，

it is suggested to cut a screw thread having the minimum s1ope of depth at the ends

so far as the other requirements in the design of machines permit．

（3）
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Stress concentration factor a1ong the screw thread，bending．
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