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DISCLAIMER
S

The findings in this report are not to be construed as an official

Department of the Army position unless so designated by other author-
‘-

ized documents.

The use of trade name(s) and/or manufacturer(s) does not consti-

tute an official indorsement or approval.
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END-ON TECI~1IQUE

At Benet Weapons Laboratory we have developed and refined a

technique for accurate end-on measure ment  of crack depth us ing  a

normal beam ultrasonic probe w o r k i n ~ w i t h  an u l t r a s o n i c  f l a w  detector .

The probe is coupled to the surface of the c y l i n d e r  w i t h  oi l , and the

flat  probe face rests on the curved c y l i n d e r  w a l l  as in Figure 1. The

ultrasonic signal is ref lec ted from tOc - i n s i d c  d i am e t e r  and fror* the

t i p of the crack . The differein. c be twe en t I — t I e~~ i n g  edges of these

two reflections is the crack depth.

~~~~~mFLED CYL~~DE SECTION A /
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a SCHEMATIC OF PROBE - CRACK ORIENTATION
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lEe  u l t r a s o n i c  s i gna l  r e f l e c t s  from t h e  s m a l l  :~~• d I:i~ . 1 ’

nea r  t h e  crack t ip .  Fi gure 2 shows a f r a c t u r ~ - : ~ n’ i ; ice f ’ : ~~ C v i i

h at  has  been fa t  i ~t ’e eye  led at j re v  s u r &  nut i i  t c r . ie i ~ has  ~‘ t ’ - - to

(1 . 08 i nch.  Ma n y- c yc l e s  ~it h a l f  p r e s s u r e  h:~vt’ r c d :~~’ I  t h e  1: ~t

v a r k .  As t a t  i gue • ‘}cl i ng Las  cent  i nued f u r t h e r  cr a ck  ‘ ‘i~ 1 h h a ~

occu rred . I~ei ich n ;ar k s  have  i w i n  induced at 0 . Ui’ i n c h , fl . ~~~
‘ i n c h ,

i i  .30 i nch • e tc .  When the  c v i i  i d t  r h as  ia i i ’  v : r a ~~t ‘~r in ,~ :‘o i s ’l :  t ~

w a l l  , i t  h as been wedged ~pen e e xp o s& ’ t lie f :ot  i i~uc c r a e :  - fr :  u i i i  ‘~
sit r face  . V i sua 1 Inc a surem ent  s ;Ire then  conpa  red t o  t I c~~ n t i. i —

son ic  m e a s u r e m e n t s .  
I ;

FATIGUE DEMARCATION , FRACTURE
SURFACE SPECIMEN 58805

Fi gure 2
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Figure 3 plots the ultrasonic measurement accuracy as determined

on specimen 58805 and three other cylinders . The accuracy of measure-

ment is ± 0.03 inches. Using this technique it is possible to pick up 
- 

i -

• an initial crack at 0.02 inch but more reliably at 0.05 to 0.08 inches.

In order to get a usuable signal reflection from the crack tip the

f law detector gain must be 50 db greater than that gain which will

bring the back wall  signal to mid-screen on the flaw detector .

0.? /CRACK DEPTH (ULTRASONIC) /
VS CRACK DEPTH (VISUAL)~~~~

0.4 - IOeuu Nil? TUSE SERIAL

~I
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0.2 0.3 ~ 4 0.5 0.5 0.?
b CRACK DEPTH (VISUAL. MEASUREMENT)

Figure 3
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AUTOMAT IC SYSTEM

It takes several thousand cycles to initiate cracks in gun tubes

• during fatigue tests. These cracks initiate and grow in the region

near the ori gin of r i f l ing .  This whole area is  searched about every

500 cycles. There may be only one or two cracks at i n i t i a t~ on

increasing to a large number such as shown in the crack map of Fi gure

4 after many sets of cycles. Since it isn ’t known at the beg i n n i n g  I’

which crack wi l l  fail , and since the p rof i l e  of the crack is i mpor tan t

to the study and prediction of fatigue fa i lure , a l l  data , for each 500

cycle scan, is acquired and stored . To do this au tom a t i ca l ly ,  an

ultrasonic scanning system has been implemented . This system can a l s o  F’

inspect cannon after manufacture to evaluate cracks found by magnetic

particle inspection . It wil l  record depths and location accurately

and this data can then be compared to automatic magnetic par t ic le

inspection data taken from the inside of the gun tube. Accurate loca-

tion information both inside and outside prevents random inclusion

signals in the vicinity of cracks from being interpreted as cracks

with depth. This will  permit better evaluation of gun tubes and less

rejects.
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Figure 4

MECHAN I CAL SCANN ING SYSTEM

A mechanical scanning machine has been desi gned and c o nst r u c t e d

for Benet Weapon s Laboratory by the Tekt ran Div is  ion of -\r c a i r t e  n l ’ - l rv

(Figure 5) .  It w i l l  hold any of three full si : e  gun tubes , the  105 aim

P168, the 105 mm P1137, or the 105 mm XM2OS . The h e a v i e s t  wei ghs l~~~0

pounds and is 17.5 feet long.

A stepping motor rotates the gun on ad ju s tab l e  ro l l e r s  at ~~~~~~~~

from 2 to 60 rpm. A second motor moves the ultrasonic inspection

probe along the gun at speeds from 0.5 to 15 inches per minute. A full

inspection can be completed in fifteen minutes.
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Figure 5

The control panel (Figure 6) has power and speed controls. It h-s

a “home” button for acturately setting the search start  pos it ion  for

both rotation and longitudinal position . When the head is re turned to

this position the position registers in the logic c i rcui t  chassis arc- 4

zeroed. It has a control for the coup lant circulator pump . There is

a large emergency off knob.
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Figure 6

The search head assembly shown in Fi gure 7 i s held against the

gun by air pressure . The equipment require s a standard shop supply

air ~ine and fitting. The ultrasonic probe is held in a fixture that

has roller wheels in contact with the gun. A thin film of oil is

pumped into this search head and emerges under the probe. The oil is

caught in a full length catch tank. It is then filtered and recircu-

lated. Cams along the back of the tank cause the air supply to the

carriage to be activated to move the search head away from the gun

until it has passed irregular shapes or threads or sharp tapers on

the gun barrel. The next cam moves the head back against the gun.

— 7
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The whole assembly is mounted on wheels to al1ow For some port;~~i 1-

ity. Once in position , the leveling jacks arc used to level t he  sy s t e m .

J

.D iI t
• - .— —

j ,
‘
, 

$ 
•

I I -

Figure 7

There are two incremental encoders to record the position of t he

search head relative to a key fixture on the gun , such as a lockin g

slot on the P168. The encoder for rotation is accurate to 10 . it jc

connected to the gearing driving the chuck and locating dog . The

horizontal position encoder is accurate to 0.1 inch . It is driven

from the stepping motor which moves the carriage the length of the gun

by means of a rack and pinion gear arrangement.

8
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The stepping motors have proven troublesome due to their large

voltage pulses which get into the grounding system. Due to a ground

loop which couldn ’t be eliminated they were picked up in the hi gh gain

preamplifier  stage and appeared in the output as false ind ica t ion  of

£ laws. The problem was eliminated by synchroni-ing the f law det ccto~ 
1$

t iming to the stepp ing motors.

ULTRASONIC SYSTEM

A preamplifier is mounted on the probe carriage and gets its

power from the main Immerscope flaw detector. Its function is to

transform the high impedance of the transducer to the low impedance

of the twenty five feet of coaxial cable connecting the preamp to the

Immerscope . It is a grounded single ended input ampli f ier .  Stepp ing

motor pulses arriving on the iron frame of the system introduce a

ground loop voltage at the transducer case ground. It would require

a three wire ungrounded transducer whose return line is connected to

the preamp input and which in turn is grounded back at the flaw

detector to eliminate this loop . This will require a mechanical ly

modified transducer and cabling, and a redesign of the probe head,

since the ground connection is used to physically mount the transducer

to the head.

The use of a preamplifier with the flaw detector results in very

hi gh gain and a high signal-to-noise ratio. It allows the very smal l

crack signal from the rejected cannon flaw to be displayed almost f u l l

scale on the flaw detector screen. Manual measurements that are made

L• .~~
- - _
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with a Krautkramer USIP 11 flaw detector produce very smal l  s ignals

that are barely visible on the screen.

A Tektran Immcrscope II is used in this system . It i nc lude s  th e

standard SW-25 sweep circuit and the PR-l7 Pulser-Rcceivcr  u n i t .  An

FG/FDC-lO flaw gate and flaw depth circuit nodule provides distance to

crack tip measurements accurate to a hundredth of an inch. Its -~~~

circuits are configured to provide the depth of the first indication

in the gate whose amp litude is greater than 20~o of screen hei ght. 
t

Flaw depth data from the Inunerscope is continuously fed into the

logic circuits at the flaw detector repetition rate. These circuits

arc located in the C-chassis shown mounted above the flaw detector in

Fi gure 8. This data is continuously subtracted from the wall thickness.

The difference is the actual crack depth. As the probe travels over

the cannon surface the crack depth numbers change. They get larger as

the probe gets more directly over the crack t ip and then get smaller

as the probe travels on past the directly over position . The log ic

circuits operate on the changing crack depth readings . The depth

numbers are stored in two registers . Reg ister B is  the previous read-

ing. Register A is the present reading. If A continues to he larger

than B nothing happens. When A becomes smaller than B for the first

time that depth reading is transferred to an output register. At th i s

time the position of the probe with respect to the cannon is also

transferred to the output registers. This data is then held until i t

is checked.

10 ~~~~~~~~~~
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The log ic  looks  for a selected number of A lu ~~s t h a n  I~ r ad I a-

up to a maximum of .S~ . Previous experience ha ~. sho~..n ti-at so ri~ c~

110 i :~e , i n t e r m i t  tent COU 1) 1 ant 501)1) l y , and o ther  t a ~ t oi-s an call - t

f l a s e  maximum readings .  I f  another A greater than B r -ad ing .  s c i

before the selected numb er of checl~s are f i n  i shed th e Io i ~ I c  ci  rcu i i t s

are reset • a new maximum is found and new depth and po sit i (lfl dat a

rep lace the old.  Then another set of checks take p l ac e .  I t  no -\

greater than B reading occurs this time , the new depth and p o s i t  ion

data rep laces the old in  the output regis ters . The nci~ dat a  i s  no t

yet sent to the data  acqu is i t ion  system. It must w a i t  for st - I c C

number of degrees of ro ta t ion  of the cannon . The numbe r  can he ~re

11 
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0 to 99 degrees. This is done by counting output pulses from the

incremental encoder that encodes rotation position . Tile number of

degrees of hold off can be optimized with respect to the f l aw detector

repetition rate and the cannon rotation speed . When these checks arc

concluded a “read out” pulse is generated and the correct updated data

is transferred to the data acquisition system. The logic system

registers are then reset and ready for the next crack reading.

The position of the probe with respect to the cannon is cont inn- -

ously updated on up-down counters located in the C-chassis .  The

encoders cause these counters to be incremented or decremented depend-

ing on the direction of motion. Position data is transferred frcm

these counters to the output registers when the comparator indicates

a maximum.

SYSTEM PERFORMANCE

The complete system is now in operation. It has been checked out

on a 105 mm M68 cannon that has a defect in it. The defect is an inch

long and 0.050 inches deep. During the scanning system acceptance

test a plot has been made of the gun along the 0.8 inch thick section

of the last 6 feet of the muzzle end which contains the flaw.  The

scanner hit this flaw three times. It also showed a second flaw a few

inches away from the first. Roth of these had been seen with black

light magnetic particle inspection. The specifications require the

system to detect and measure a 0.1” deep crack. The performance

exceeds the specs.

12
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The system measures 0.03 inch on the flaw rather than 0.05. Th iS

is due to the measurement gate setting being kept about 0.02 inch from

the inside diameter signal to avoid false readings on the inside

diameter. This offset appears inevitable if data is to be restricted

only to flaws.

A present limitation on the use of the scanning system for - -

inspecting full length cannon is the requirement that when the wa l l

thickness changes the new thickness must be measured ultrasonically

and manually inserted by means of thumb ~hee1 switches. The gates

must also be manually readjusted for this new setting. This liniitut i ui

can be overcome by having this data stored in a computer memory , a1 oui ~

with the appropriate gate settings, and then inserted at the prcper

time by signals from the length encoder.

DATA ACQU ISITION AND ANALYSIS SYSTEM

A Digital Equipment Corporation DECLAB1IL34-VE data acquisition 
I 

-

system is now on order. This will replace our present incremental tap

based system which has been used to check out the Tektra n  equipment .

Data will be stored on a removable disk subsy stem .It is proposed

that for fatigue m easurements on field cannon a disk will stay with

the gun and at each inspection a new batch of data will be added to

the disk.

The data acquisition system is based on a PUP11/34 minicomputer

with 32K words of MOS memory and a capability for using Fortran IV

language. Programs have been written for the laboratory IBM 3(0

computer which select the maximum crack from the data on a cannon.

13
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They will be adapted to the PDP11/34. Programs will be written that

predict remaining fatigue life from the crack growth curves using

fracture toughness criteria. A DECWRITER 11 will be a part of this

system and will produce crack “maps” similar to Fi gure 4 for each set

- ‘ of crack data taken.

— 
CON C LUSION S

The “end on” ultrasonic crack measurement technique is utilized

to both read the crack depth and determine its location .

The prototype mechanical scanning system has been tested and

performs correctly.

The ultrasonic preamplifier and flaw detector arc able lo

measure a crack 0.050” deep, which exceeds the specification .

The digital logic circuitry for determining the true maximum

crack depth and location works correctly.

I
.

~~~~~~

I
14

— —--i.- - — 
—--- - --——~ ±__ ~~~~~~~~~ .~ ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ .~~.. —.



‘

~
“-

WATERVLI ET ARSENAL I NTERNM. DISTRIBUTION LI ST

NO. OF
COPIES

COM~1ANL’ER - 1

DIRE C I OR , BENL1 ~EAP ON S LAR ORA I ORY 1

UI I LF , IThVE LO~MFN f I N(; I Nl±R I NC BRANCH 1
Al TN: IiRI)AR- LCB -L)A 1

-DId 1 
t-0? 1

-DR 1
- I)S 1
-DC 1

CHIEF , ENGINI~ER1NG SUPPORT B RANCH 1

CHIEF , RESEAR CU B RANCH 2
A1TN: DRDAR- LCB-RA 1

- RC 1
- RId
-RP 1

TECHNICAL LIBRARY

TECI-ThII CAL PUBLI CATI ONS ~ EDITING UNIT 2

DIRECTOR , OPERAT I ONS DIRECTORATE 1

DIRECTO R , PROCUREMENT DIRECTO RATE 1

DIRECTOR , PRODUCT ASSURANCE DIRECTORATE 1 H

S

i

NOTE: PLEAS E NOTiFY DIRECTOR, BENET WEAPONS LABORATORY , ATTN:
DRDAR-LCB-TL, OP ANY REQUIRED CHANGES.

~1

~~~~~~~



- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - - _____________ ~~ L

EXTERNAL DISTRIBUTION LIST (CONT)

- NO. OF - 

- 

NO. OF
COPIES 0 1

~~ .tA.NI)ER COMMANDER
US ARMY RESEARCH OFFICE DEFENSE DOCU CEN
P.O. BOX 12211 1 ATTN: DDC-TCA 12
m.~!SI~AR CH TR IAN cI. E PARK , NC 27709 CAMERON STATION

ALEXANDRIA , VA 22314
L(Y-LMANL)ER
fti A RMY h ARRY DIAMOND LAB METALS G CERAMICS INFO CEN
AlTN : TECH LIB 1 BATTELLE COLUMBUS LAB 1
~~OO POWL)ER MILL ROAD 505 KING AVE
-\i ’ I: Li’HIA, MD 20783 COLUMBUS, OHIO 4 3201

UIRE CTOR MP DC 1 - -

US ARMY INDUSTRIAL BASE ENG ACT 13919 W. BAY SHORE DR.
ATTh : DRXPE-MT 1 TRAVERSE CITY , Mi 49684
I~0CK ISLAN D, IL 61201

( :HI EF , MATERIALS BRAN CH MATERIEL SYSTEMS ANALYSIS ACTV
US ARMY R~S GROUP , EUR 1 ATTN: DRXSY-MP
BOX 65, FPO N.Y. 09510 ABERDEEN PROVING GROUND

MARYLAND 21005
CO~V~1A.MDER
NAVA L SURFACE WEAPONS CEN
A I’TN: CHIEF, MAT SCIENCE DIV 1
I)AIILGREN,- VA 22448

DIRE CTOR
US NAVAL RESEARCH LAB
ATTN : DIR , ME~H DIV 1

CODE 26-27 (DOC LIB) 1
WASHINGTON, D.C. 20375

NASA SCIENTIFIC ~ TECH INFO FAC
P.O. BOX 8757, ATTN: ACQ BR 1
BA LTIMORE/WASHIN GTON INTL AIRP ORT
MARYLAND 21240

NOTE : PLEAS E. NOTIFY COMMANDER , ARRADCOM , AT1T~J: BENET WEAPONS l ABORA TORY ,
DRDAR -LCB-TL, WATERVL IET ARSENAL , WATERVLIET , NY. 12189, OF ANY
REQUIRE D CHANGES .

.~

H
— - 

- - . - - 
~~~

- - - 
s~ ~~ 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 
- . -

~~~~~~~~~~~
.

- .~ ~~
. 

~~~~~~~~~~~~~ ~~~~~~~~~~ 
- - -

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
-
~~~‘ - -

~~~~ ~~~~~~~



EXTERNA L DISTRIBUTION LIST

NO. OF NO. OF
COPIES COPIES

ASST SEC OF THE ARMY COMMANDER
RE SEARCH t~, DEVELOPMENT US A RMY TANK- AUT MV RI~D COMD
ATTN : L’)EP FOR SCI ~ TECH 1 ATTN : TECH LIB - DRDTA-UL 1
I’IIE PE NTAGON MAT LAB - DRDTA -RK 1
WASh INGTON, D.C. 20315 WARREN , MICHIGAN 48090

COMMANDER COMMANDER
US ARMY MAT DIiV ~ READ . COMD US MI LI TARY ACADEMY
A TTN : DRCDE 1 ATTN : CHI’~~, MECH ENGR DEPT 1
5001 EISENHOWER AVE WEST POINT, NY 10996
ALEXANDRIA , VA 22 333

COMMANDER
CO~L’LANDER REDSTONE ARSENAL
US ARMY ARRADCOM ATTN : DRSM I-RB 2
ATTN : DRDAR-TSS 2 DRSMI-RRS 1

DRDAR-LCA (PLASTICS TECH 1 DRSM I -RSM 1
EVAL CEN) ALABAMA 35809

DOVER , NJ 0780 1
COMMANDER

COMMANDER ROC K ISLAND ARSENAL
US ARMY ARRCOM ATTN: SARRI-ENM (MAT SCI DIV) 1
ATTN : DRSAR-LEP -L 1 ROC K ISLAND , IL 61202
ROCK ISLAND ARSENAL
ROCK ISLAND, IL  61299 COMMANDER

HQ, hiS ARM Y AVN SCH
DIRECTOR ATTN: OFC OF THE LIBRARIAN 1
US Arn~ Bailietic Research Laboratory FT RUCKER , ALABAMA 36362
ATTN : DRDAR -TSB-S (STINFO) 1
ABERDEEN PROVING GROUND, MD 21005 COMMANDER

US ARMY FGN SCIEN CE ~ TECH CEN
COMMANDER ATTN: DRXST-SD - I
US A RMY ELECTRONICS COMD 220 7TH STREET, N.E.
ATTN : TECH LIB 1 CHAR LOTTESVILLE , VA 22901
FT MONMOUTH, NJ 07703

COMMANDER
COMMANDER US ARMY MATERIALS G MECHANICS : -

US ARMY MOBILITY EQUIP R~ D COMD RESEARCH CENTER
ATTN: TEcH LIB 1 ATTh:, TECH LIB - DRXMR-PL 2 ‘ 

-

FT BELVOIR, VA 22060 WATERTOWN, MASS 02172

NOTE: PLEASE NOTIFY COMMANDER , ARRADCOM , ATTN : BENET WEAPONS LABORATORY ,
DRDAR- LCB-TL, WATERVL IET ARSENAL , WATERVL IET , N.Y.  12189 , OF ANY ~ 

- 
-

REQUIRED CHANGES.

-

~~~ - - - - 
~~~~~~~~~~~ 

—
~~~~~

.~~~ ~~~~~~~~~~~ ~~~~~~— ~~~~~~~~~~~~ ~~~~~~~ - —  ~~~~~~~~~~ ~~~~~~~~~~~~~~ —_ -———— _..—


