


THE D E S I R E D  EFFECT OF A  SHOT P E E N I N G  OPERATtOM I S  P R I M A R I L Y  50 lNCREASE 

THE F A T I G U E  L I F E  OF A  PART.  T ~ E  PERCFMTAGE I N C R F A S U N  L I F E  DUE YO 

P E E N I N G  I S  DETERMINED BY COMP4QlMG E I T H E R  THE S E R V I C E  L I F E  CR T E S T  

ENDURANCE L I F E  OF A PEENED PART TO THAT OF AN UNPEEMED P A R T .  

A S  A  RULE, FHE NEED FOR P E E N I N G  I S  RECOGNlZED I N  THE D E S I G N I N G  OR EARLY 

T E S T I N G  STAGES. FOR SOME. PARTS SUCH 'SPRINGS, P E E N I N G  HAS LONG BECN 

CONSIDERED A  REQUIREMENT. OCCASIONALLY WHERE NEW D E S I G N S  ARE INVOLVED, 

THE NEED FOR P E E N I N G  BECOMES E V I D E N T  ONLY AFTER S E R V I C E  F A l L U R E S  H A V E  

BEEN ENCOUNTERED. 

EXPERIMENTAL SHOT PEENING I S  GENERALLY  C A R R I E D  OUT IN  L A B O R A T O R Y  EQUIP- 

MENT OR I N  S U I T A B L E  PRODUCTION MACHINES UNDER CLDSELY CONTROLLED CONDI- 

T I  CNS. 

WHEN THE P E E N I N G  OPERATION I S  CARRIED OUT I N  PRODUCTION, THE PROCESS I S  

CONTROLLED BY l N S P E C T l N G  FOR I N T E N S I T Y  AND COVERAGE. ~ N T E N S I T Y  MEASURE- 

MENT CAN BE ACCOMPLISHED S A T I S F A C T O R I L Y  W I T H  THE ALMEN T E S T  S T R I P .  

COVERAGE, ON THE OTHER HAND, I S  LARGELY A  MATTER OF JUDGMENT ON THE 

PART OF THE INSPECTOR. LABORATORY METHODS HAVE BEEN DEVELOPED FOR 

MEASURING COVERAGE, BUT U N T I L  NOW THERE I S  NO STANDARD METHOD FOR I T S  

E V A L U A T I O N  I N  THE SHOP. 
1 

TYE PURPOSE OF T H I S  PAPER I S  TO1 REVIEW THE SUBJECT b F  COVERAGE AND TO 

EVALUATE SOME PROPQSED METHODS FOR I T S  MEASUREMENT AND CONTROL. / 



SURFACE, WHEN FXAMINED ATTLR P E C N t Y G  W C U L O  C o N Y i Y :  OF OVCELAFPING SHOT 

IMPRESSIONS W l T H  NONE OF THE O R I G I N A L  LURFACE REMAINING.  90$ C O V E R A G E  

WOULD l N D l C A T E  THAT 10% OF THE AREA HAD NOT BEEN STRUCK WITH SWOT* 

THE DENTING OF THE SURFACE I S  Q U I T E  PRONOUMOED ON SOFT MATERIAL, L l K E  

M I L D  STEEL, BUT AS THE HARDNESS OF THE MATERIAL APPROACHES OR SURPASSES 

THE HARDNESS OF THE SHOT THE DENTING BECOMES LESS PRONOUNCED, AND THE 

AMOUNT OF COVERAGE BECOMES MORE D I F F I C U L T  TO DETERMINE. I T  SHOULD BE 

UNDERSTOOD THAT PEENING I S  TO BE CARRIER OUT W l T H  SHOT DF U40FORM S I Z E .  

I T  I S  POSSIBLE,  HOWEVER, TO COMPLETELY COVER A G ! V E N  SURFACE AND S T I L L  

PEEN I N E F F E C T I V E L Y  I F  THE SHOT B E I N G  U3FD COhTAINS A SUSSTANTIAL AMOUNT 

OF SROKEN PARTICLES.  THIS C O N D I T I O N  MIGHT BE REFERRED TO AS FALSE 

COVERAGE. WHEN U S I N G  SHOT WHICH i s  SUBJECT TO R A P i D  BREAKDWN, T H E  EEST 

WAY TO INSURE AGAINST FALSE COVERAGE I S  TO H A i N l A l N  G O 0 9  SHOT SEPARATION 

FOR THE RLMOVAL OF UNDERSIZE AND B R O K E N  SHOT P A R T I C L E S .  THESE COMMENTS 

SHOULD NOT BE CONFUSED d 1 T H  THE FACT THAT THERE I S  A B E N E f t C l A L  P E  

E F F E C I  FROM TtiE F I N E  P A R T I C L E S  I N  THE BLAST AND M A N Y  SVGCFSSFUL PfCNING 

OPERATIONS ARE CARRIED OUT W I T H  A LARGE PERCENTAGE Of B R O M C N  SHOT B E I N G  

USED. FALSE COVERAGE WOULD ONLY BE A F A C T O R  WHEN A JOB WAS DESIGNED TO 

OPERATE AT A F I X E D  SHOT S I Z E  AND THE S Y S 7 E M  BECOMES CONTAMlNAfED W i T H  

EXCFSS l VE F I NES . 



C O V E R A G E  I N  I T S F L F ,  DOES bdOT NECLbSARBLY ! N D r C A l E  THE F A T I G U E  L l F E  T O  BE 

EXPECTED. T H I S  I S  L3ECXUSE THE PRIMARY A I M  I N  S h O T  PitkiYG I S  N O T  S I M P L Y  

THE 3 A T T E K i N G  OF THE. SURFACE, 9UT IS THE INDbCtlON OF 5 3 M ? 4 E S S l V L  STRESSES 

I N  A  SUR.FACE LAYER. THE C O M P R E f S l  VE STRESS EXTENDS BEYOMU THE S H O l  

I M P R E S S l O N  I N T O  THE UNPEENED AREAS SURWOtNDlNG I T  AND PENETRATES THE 

SURFACE TO SOME DEPTH. FOR S O M E  PARTS I T  I S  P O S S t B L E  TO PRODUCE A V E R Y  

S A T I S F A C T O R Y  F A T I G U E  L l F E  AT  CONSIDERABLY L E S S  THAN 100% COVERAGE. 

COVERAGE OF THE SURFACE W I T H  SHOT I M P R E S f i O N S  HAS A SECONDARY EFFECT 

WHICH PROBABLY A I D S  I N  THE R E S I S T A N C E  TO F A T I G U E .  SCRATCHES, GRtNDBNG 

AND TOOL MARKS, AND OTHER STRESS R A I S E R S  AT THE SURFACE ARE OBLITERATED.  

THE INCREASE I N  F A T I G U E  L l F E  FROM THE REMOVAL OF SURFACE STRESS R A I S E R S  

I S  PROBABLY LOW WHEN COMFARED TO THE B E N E F I T S  D E R I V E D  FROM Tt iE  INTRO-  

D U C T I O N  OF COMPRESSIVE STRESSES I N  THE SURFACE METAL.  



FACTORS A F F E C T  I NG COVERAGE 
~ _ - . " * ~ ~ ~ ~ & ~  

WHEN THE P A R T  I S  RELEASED FOR PRODUCTION I T  I S  F R E Q t s t H l L Y  NCCCSSARY TO 

PURCHASE EQUIPMENT FCR THE P E E N i N G  OPER4TION.  I N  9RDE?? TO A C H t E V E  THE 

SAME RESULTS AS WERE OETAiMFD ON THE T E S T  PARTS, I T  I S  NECESSARY TO 

SECURE EQUIPMENT WHICH W l L L  PRODUCE THE SAME I N T E M S i T Y  AND C C V E R A G E  AS 

WERE PRESENT D U R I N G  THE EXPERIMENTAL P E E N I N G .  I N  ORDER TO DO T H I S ,  

THE FOLLOWING FACTORS MUST BE CONSIDERED I N  THE D E S l G N  OF THE NEW 

EQUIPMENT.  

1 .  S I Z E  OF SHOT. 

2. FLOW RATE OF SHOT. 

3. CONVEYOR, T A 8 L E  SPEED OR CYCLE T !ME.  

4. A C C E S S ~ B I L I T Y  OF AREAS TO BE PEENED. 

5 .  ~ H G T  SPRAY PATTERN. 

GREAT iMPORTANCE TO COVERAGE. ONCE MACHINE FACTORS HAVE BEEN SET, 

CHANGES I N  SHOT S l Z E  W l L L  CAUSE A V A R I A T I O N  I N  COVERAGE. SMALLER SHOT 

W l L L  G I V E  BETTER COVERAGE AND LARGER SHOT W l L L  PRODUCE LESS COVERAGE. 

THE I N T E N S I T Y  REQUIREMENTS W l L L  SOMEWHAT CONTROL THE V A R I A T I O N  THAT CAN 

BE TOLERATED I N  SHOT S l Z E  BUT ARC HEIGHT,AS MEASURED BY THE AkMEb. STRIP, 

CAN BE M A I N T A I N E D  W I T H  CONSIDERASLE V A R I A T I O N  I N  COVERAGE. 

OTHER FACTORS SUCH AS THE FLOW OF SWOT, CONVEYOR SPEED, SHOT SPRAY 

PATTERN, AND SHOT V E L O C I T Y  ARE MECHANICAL FEATURES OF THE P E E N I N G  OPER- 

A T I O N  WHICH.MUST BE PROPERLY CONTROLLED AT A L L  T I M E S  I F  ADEQUATE COVERAGE 

I S  TO BE M A I N T A I N E D .  



M L A S ~ R I N G  C O V T R A G F  -------.*.--- 

GENERALLY THE I N S P t C r O R  W I L L  OBSERVE THE PART V I S U A L L Y  A F T L R  THE SWOT 

PEENING OPERATION TO DETERMINE I F  THE COVERAGE t S  SATISFACTORY. HE MAY 

USE A LOW POWER GLASS TO A I D  HIM, E ~ ~ F C I A L L Y  I F  THE COVERAGE 15 i N  THE 

QUESTIONABLE CATLGORY. AS LONG AS THE COVERAGE I S  NEAR 109$ T H I S  TYPE 

OF I N S P L C T I O N  I S  PROBABLY ADEQUATE. THE PART I S  E I T H E R  COVERED W T H  

SHOT IMPRESS!  ONS OR I T  ~ S N  'T .  AT COVERAGES LESS THAN IOO$, S A Y  8"j, 

I T  I S  NOT EASY FOR AN IMSPECTOR TO DETERMINE THE Q U A L I T Y  OF THE OPER- 

A T I O N .  O T H ~ R  MEANS MUST BE EMPLOYED. FOLLOWING ARE SOME METHODS 

P R O P O S ~ D  FOR D E f E R M i N l N G  COVERAGE: 

I .  THE STRAUB METHOD 

2. VALENT I NE ' S  METHOD 

3. THE SURFACE R E P L I C A  METHOD 

THE D E T A I L E D  P R O C E D U R E S  A R E  INCLUDED I N  THE APPENDIX OF T H I S  P! .PZR.  

IN AN EFFORT TO DEFERMINE THE R E L A T I O N S H I P  BETWEEN THESE PROPOSED 

METHODS F O R  DETERMINING COVERAGE, A S E R I E S  OF PEENING TESTS WAS CON- 

DUCTED I N V O L V I N G  THE A P P L I C A T I O N  OF VARIOUS TYPES AND S I Z E S  OF SHOT 

AND G R I T .  ALL WORK W A S  CARRIED OUT I N  A S I N G L E  S T A T I O N  ROTATING TABLE 

PEENING MACHINE WHICH I S  ILLUSTRATED I N  THE ACCOMPANYING PHOTOGRAPH, 

( F I G U R E  I ) .  THE MACHINE D A T A  I S  A S  FOLLOWS: 

! d ~ i t ~  SPEED - 1755 R.P.M. 

WhrrL DIAMLILR - 17 1/2 I N C H E S  

WII-LL Wiui l i  - 2 1/2 I h i L i i T ?  

? . T L E  S,'i-eu - I10 R.P.M. 

C , ' O T  C C I J T ~ \ T L  ~ - i v i  i, 5 1 T i w t  4.- W i T f :  S f t i  i 1"LL' : r  r,S 

T,tK;UG!l  V b E  I LU; OR I F  ICES.  





FIGURE 2 

THE PROCEDURE USED tN PEENING WITH EACH TYPE OF SHOT AND F O R  E A C H  ORlfiCE 

S l Z E  WAS AS FOLLOWS: 

THE TEST S T R I P S  WERE FASTENED TO THE T A B L E  F I X T U R E ,  Y ~ E  CABINET 

C L O S E D ,  AND THE: MACglkE STARTED. WHEN THE I f - i E C i  R E A C H E D  FULL 

SPEED, THE S T R ~ P S  U E R C  ~ L A S T E O  F O R  E X A C - T E Y  30 SFCQNOS A F T C R  W H I ~ : ~  



f OR A R C  HE I CQf M f A S l t R F  HEMT, THE ELCr"b"ROPO1 I SHED "k" S T R I P  F O R  COVERAGE 

BY T H E  S ~ F t ~ d f . 3  AND SURFACE R E P L I C A  METHODS, 4ND THE SkE 1008 S T R I P  

F G R  D L P 1 h  OF COLD WORK DUE TO P E E N I N G  ACCORD!MG TO THE V A L E N ~ ~ N E  

bfrs 1 4  -.ci ; 

A F T E R  P C L N ~ N G ,  THE SAE 1008 S T R I P S  WERE ANNFALED A T  1300 F FOR 1/2 HOUR 

: - - i *  cRZIM C ' S h R r l T N : P G ,  CROSS SECTIONED, MOUNTED I N  BAYFLIPE, AND EXAMINED. 

A P L A N I M E T F R  AS PRESCRIGED BY THE SSRAUB COVERAGE METHOD. SURFACE 

R E P L I C A  i M P P E S f l O N S  WERE ALSO MADE OF EACH OF THE P O L t S 9 E D  STRAUB S T R I P S .  

AS S t E N  I N  THE PHOTQMICROGRAFHS OF THE LOU CA BOU STRIPS I N  THE A 

THE U k P T i i  OF COLD WOErM AS E V l D E N C t D  B Y  G R A I N  GROWTH BECOMES PROGRESSIVELY 

GRFATER W I T H  Ib lCREASING COVE44GE. HOWEVER, NO A P P R E C I A B L E  DEPTH INCREASE 

W A S  NOTED S t Y Q M D  752 OR b$ COVERAGE. I T  MUST BE REMEMBERED THAT T H E  

DLPPH OF G R A i k  GROWTH DOES NOT N E C E S S A R I L Y  I N D l C A I E  THE TRUE D E P T h  OF 

COLD W C R K .  R A T ~ L R ,  l l "  O U T L I N E S  THAT AREA WHICH HAS BtEN C R l T I C A L L Y  

S T R C S S f D  TO W I l H i N  A  RANGE WHICH, UPON HEATING, W I L L  PRODUCE G R A I N  GROWTH. 

THEREFORE, I T  I S  RE4SONABLE 7 0  ASSUME THAT WHEN P E E N I N G  LOW CARBON STEEL,  

THE COLD WCRK EFFECT A C T U A L L Y  EXTENDS TO A  DEPTH GREATER 1 N A b  r H A T  

I N D I C A r E D  B Y , G R A I N  COARSLNING. SIMILARLY, E X C E S S I V L Y  COLD WORKED OR 

OVERPEEMFD METAL, AS SEEN i N  FIGURE 13 OF THE ~ P ? Z N D ~ X ,  SHOWS THE 

P R E S t N C L  OF F i N E  G R A l N S  A T  THE SURFACE W I T H  UNDERLYING L A R G E  GRAINS.  

IN T H I S  C R e \ I  t H E  O F G R E E  OF COLD WORK AT THE SURFACE HAS E X C f E b E D  THE 

C R I T I C A L  AMOUNT NECT5;RRY T O  PRODUCE G R A i N  COAHSZNLNG. 



COMTFNI lQUS COLD W O R K I N G  OF THE: S U Q F A C E  MPTAL, .2N3 P Y h T  C O M P L E T E  C O V E R A G E  

WAS PRESFMW, THE CORRCSPdNDlNG STYAUR P H O f O N A C R O b R A P ! I S  YN MAN& CASES, 

EtOJEVER, SHOW ONLY P A R T I A L  C O V E R A G E .  THE NATURAL hSSUM"ltOh, BASED ON 

AP, G I V I N G  THE IMPRE 

THE lNDEWPAflON 

EEN THAT THE ST 

A N D  WOULD O V f R L  



As PRcvaousev M E M T I O N L D ~  VISUAL ~ N S P E C I  E O N  !-OR C Q V C R A G E  i ?  89 Y C C E S S I T Y  

THE HOST G L N I : R I I , L Y  USED LSETdOD FOR T n E  I N S P t C r I  ON OF P C r  I 3 PRCDUCTl ON 

PARTS. HOWEVER, FOR "IHE E J T 4 % L I ? I I M E N T  OF L l M i T S  AS b E L i  AS FOR Q U A L I T Y  

COMrpOL QF A  PEENING JOB? MORE ACCURATE MEANS FOR DE?ERM!MIRG COVERAGE 

ARE NECESSARY.  THE TWO D I R E C T  METHODS A V A I L A B L E  FOR T H I S  PURPOSE ARE 

THE St W1;8 METHOD AND f 3 5  SURFACE REPL l C A  I ~ E T c ~ O D .  . 
E S ~ E N T ~ A L L V  THE STRAVE ~ E + H Q D  INVOLVES THE ACCURATE MEASUREMENT OF 

PERCENT COVERAGE ON A  P O L I S H E D  ALMEN "A" S T R I P  FROM I T S  M A G N I F I E D  IMAGE 

ON THE St9ETN OF A  METALLURGICAL MICROSCOPE. THE lMAGE OF THE PEENED 

S T R I P  A i  50 M A G N i F i C A T l O N  I S  TRACED AND MEASURED W I T H  A PLANIMETER.  

FOR A C r 3 R 1 * E  Q F T E R M l N A T I O N  OF COVERAGE T H I S  MET!tOD I S  THE ONLY ONE YET 

DEVCLOPED. [ T  H A $  I T S  

I T S , A P P L l C A ' T ~ O W  I S  CONF 

P E E N E D  P A R T  I T S E L F .  QU 

L I M I T A T l O N ,  HOWEVER, aEC.IUSE Of THE FACT THAT 

!NED I0 A TEST S T R I P  RAT?iCR TW.'tM T O  THE ACTUAL 

I T E  FREQUEQTLY TiiL DESIGN OF A  PART TO BE PEENED 

MAY BE SUCH THAT A  PEENED STRIP,  HOWEVER CAREFULLY POSIT IONED,  WILL ,NET 

REPRESENT THE PCENIMC COMDif!OMS ON THE PART I T S E L F .  I T  PROVIDES AN 

N t  MEANS OF DEVERWtMING THE EXACT PEENING CONDIT IONS E X I S T E N T  

I N  A MACklME. 

THE T H I R D  METHOD FOR DETERMINING COVERAGE I S  THE SURFACE REPLICA b ! K f H b ~ .  

AFTER A P A R T  h A S  BEEN SHOT PEENED, A  TRANSPARENT R E P L I C A  OF THE SURFACE 

CAN BE R E A D I L Y  MADE AS OUTLINED I N  THE FOLLOWING PROCEDVRE. 

A. S E L ~ C T  THE AREA WHERE COVE AGE I S  T O  BE Mt 

B. ~ P " L Y  f H L  SOLVENT. 

M  TO T H E  A R E A  WHERE THE SOLVLNT HAS 



8EEN PLACED. PRLSS THE F I L M  TO T H t S  AREA W I T H  T h -  >I9 PRESSURE 

FOR APPROXIMATELY ONE MINUTE. 

I T  1;AZ 4 N  ADVANTAGE OF REPRODUCING THE C O N D l T i O N  OF THE PEENED SURFACE 

ON A  F I L M  d td lCH MAY BE PROJECTED ON A  SCREEN FOR INSPECTIOR.  T H ~ S  

R C n t l C A  NEED MOT BE CONFINED T O  THAT OF A F L A T  SURFACE BUT I S  ADAPTABLE 

ALSO T O  IFREGULAR CCMTOURS. IN VIEWING I T S  PROJECTION ON A  SCREEN, AN 

EXPERIFMGEn FYE C A N  E S r l M A f E  W I T H  GOOD ACCURACY NOT ONLY THE PERCENT 

COVERAGE, BUT THC M A G N I F I E D  C O N D I T I O N  OF Ti+E P E E N E D  SURFACE AS WELL. 

THE WLYHOD HAS THE ADDED ADVANTAGES OF B E l N G  FAST, F L E X I B L E ,  AND 

P O R T A B L E  THE9FBY LENDING I T S E L F  TO E A S Y  4 P P b l C A T l O N  AT THE S I T E  OF 

ANY PEEN1UG OPERATIOM. 

TO 4 1 0  I N  r H t  I N S P E C T I O N  FOR PEENING Q U A L I T Y  OF B U l c l  C H A S S I S  C O I L  

SPRINGS, PHOTOGRAPHS OF SURFACE REPLICA F I L M S  OF VARIOUS DEGREES OF 

C O V E R A G E  A R E  USED A S  STANDARDS. (FIGURE 4) 



SURFACE REPL ICA STANDARDS F O R  BUICK C O I L  SPRING COVERAGE 
a 



& L T H Q U G H  T 3 F  STRAUB AND SURFACE REPLICA METHODS D ! F F E R  SOMEYHAT I N  

T H E I R  A P P L I C A T I O N ,  TOGETHER T Y E Y  P R O V I D E  A MEANS BY W W i C H  COVERAGE 

CAN BE ACCURATELY MEASURED AND E A S I L Y  CONTROLLED. TtiE S T R A U ~  METHOD, 

ALTHOUGH H l G H L Y  ACCURATE, I S  T I M E  CONSUMING AND R E Q U I R E S  THE USE OF 

S P E C I A L  METALLOGRAPHIC EQUIPMENT.  THE SURFACE REPLICA M E T H O D ~ W H I L E  

ONE OF COMPARISON, I S  AN EXCELLENT MEANS OF CONTROL, E S P E C I A L L Y  WHEN 

USED I N  CONJUNCTION W I T H  COVERAGE STANDARDS. S E T T I N G  UP STANDARDS OF 

REFERENCE SUCH AS FIGURE 4 HAS PROVED TO BE A SUCCESSFUL AND P R A C T I C A L  

METHOD OF CONTROLLING COVERAGE. 
r 

T i i t  I D C k L  C O N D i  C I O N  WOULD BE TO HAVE 1005 COVERAGE. IN A L L  CASES, 

H O W C V E R ,  T H I S  IS NOT E A S I L Y  ACCOMPLISHED AND FOR SOME PARTS MAY NOT 

BE N E C E S S ~ R Y  T O  G A I N  THE DESI.RED IMPROVEMENT IN  F A T ~ G U E  LIFE.  FROM 

F I F ~ R E  22 O r  THE S/!E SHOT PEENING MANUAL, WHICH I S  A T H E O R E T I C A L  

C U R > [  Cir 1-Y"DSURF T I M L  VkRSUS PERCENT COVERAGE, I T  C"tN EE f E E N  THAT 

1005 cavEagsE I S  n e p a o a c : + m  O V L Y  WITH CONSIDERASLE EXPENSE OF TIHE. 

WHEN StbOT P E E M I N G  ON A PRODUCTION B A S I S  I T  I S  OFTEN D I F F I C U L T  TO 

CONSISTCNTLY M A l Y T A l N  TRUE 100% COVERAGE. THEREFORE, dHEN REFERRING 

r c  130s C O V E R A G E  I M  A PEENING S P E C I ~ I C A T ~ O N  I T  WILL PROBABLY BE ADVISABLE 

TO P E R M I T  A S L I G H T  V A R I A T I O N  FROM 100%. I T  I S  SUGGESTED THAT I N  S P E A K I N G  

OF EOC$ CCaEHAGE, I T  BE I M T f R P R E f E O  THAT SOME P E R C E N T A G E  OF THE A R E A  

C A N  RE Mt i lil U N " L . E " l f  U. W H 5 f ; l ~  C3VERAGE TOLERANCES A R E  PECIHi TTED THE UN- 

PFENED A R E b s  SBOULD NOT 9 E  CSNCCYTRATED. 



E  FATIGUE L l F E  AND S E R V I C E  REQUIREMENTS OF A " A R T  A 

SUCH THAT I T  I S  P O S S I B L E  T O  S E T  A  M I N I M U M  VALUE FOR THE P E X t . F " N I  COVERAGE 

NEEDED. 

I N  GENERAL, HOWEVER, T O  INSURE THE BEST P E E N I N G  RESULTS AND TO M I N I M I Z E  

I N S P E C T i O N  PROBLEMS, NEW P E E N I N G  EQUIPMENT,  WHENEVER P O S S I B L E ,  SHOULD 

EE D E S I G N E D  TO INSURE I O ~ $  COVERAGE. 



APPEND l X 



CREEN A N A L Y S L S  

EXPOSURE T I M E  - 30 SECONDS 

WHEEL QPEEO - 1750 R.P.M. 
TABLE SPEED - 40 R.P.M. 



A. POLISH THE S T R I P S  "A" ( O R  "cn) TO OBTAIN  A REFLECTING SURFACE 

(FOR TH l S I NVESP I GAT I ON A 1/2 l NCH C l RCLE WAS ELECTROPOL l SHED 

ON METALLOGRAPHIC ELECfROPOL ISH ING EQUIPMENT.) 

C. EXPOSE THE POLISHED SURFACE T O  THE BLAST UNDER CONB iT lONS IDEN- 

T I C A L  TO THAT USED I N  DETERMINING THE ARC HEIGHT OF ALMEN GAGE' 

READ I NG. 

D. R E ~ O V E  THE S T R I P  FROM THE MOLDER AND PLACE I T  I N  THE F I E L D  OF A 

METALLURGICAL CAMERA. 

E. U S I N G  A P I P C L  OF TRANSPARENT PAPER AS GROUND GLASS, AND WITH  A 

~ A G N I F ~ C A T I O N  OF APPROXIMATELY 50 DIAMETERS, TRACE THE INDENTED 

AREAS WITH  A SHARP PENCIL .  THE INDENTED AREAS CAN BE I N D E N T I F I E D  

BY THE CONTRAST OF THE POLISHED SURFACE AND THE I N C L I N E D  SURFACES 

OF THE bNDENTATIGMS. 

F. ~ !EASURE WITH  A PLANIMETER THE AREA OF ALL  O F  THE INDENTATIONS 

E M t h 0 3 E B  BY A C IRCLE  OF KNOWN DIAMETER. THE R A T I O  OF THE I N  

AREA TO THE TOTAL AREA I S  THE PERCENTAGE COVERAGE. 



WHEN PARTS 70 BE PEENED ARE OF VARYING CROSS-SCCf lON OR CONTOUR, AS FOR 

EXAMPLE A ROCKER ARM, I T  I S  D I F F I C U L T  TO STUDY THE PEENING I N T E N S I T Y  

D I S T R I B U T E D  OVER THE COMPLEX SURFACE. 

AN INGEMISUS METHOD OF DETERMINING THE EFFECT OF PEENING I N  SUCH CASES 

IS DESCRIBED IN DETAIL  BY VALENTINE IN TRANS. A.s.M., VOL. 40, 1948, 

IN BRIEF,  A D U P L I C A T E  OF THE P l E C E  B E I N G  STUDIED CAN BE MADE FROM LOW 

CARBON S T E E L  OF A S P E C I F I E D  CARBON RANGE, SUBJECTED W H I L E  I N  THE SOFT 

C O N D I T I O N  TO THE PROPOSED PEENING CYCLE AND THEN ANNEALED I N  A DESCRIBED 

MANNER TO PRODUCE A R E C R Y S T A L L I Z A T I O N  AND G R A I N  GROWTH. THE P I E C E  MAY 

THEM BE CROSS-SECTIONED I N  ANY PLANE AND STUDIED UNDER THE MICROSCOPE. 

THE EXTENT OF PEENING WILL BE SHOWN BY THE DEGREE OF GRAIN  GROWTH IN  

THE VARIOUS PARTS OF THE P I E C E  AND W I L L  BE I N  PROPORTION 10 THE INTEN-  

S i T Y  OF THE PEENING BLAST TO WHICH THE AREA WAS SUBJECTED. 



CAN BE R E A D I L Y  MADE. 

COVERAGE 

AFTER A PART HAS BEEN SHOT PEENED, A TRANSPARENT R E P L I C A  OF THE SURFACE 

I S  TO BE MEASURED. 

8.  APPLY SOLVENT. 

C. APPLY THE TRANSPARENT F I L M  TO THE AREA WHERE THE SOLVENT 

HAS BEEN PLACED. PRESS THE F l L M  TO T H I S  AREA W I T H  THUMB 

PRESSURE FOR APPROXIMATELY ONE MINUTE. 

D.  PEEL F I L M  Q U I C K L Y  FROM THE SURFACE. 

E. MOUNT FILM I N  HOLDER AND PROJECT ONTO SCREEN FOR VIEWING. 



CONTENTS OF THE FOLLOWING PAGES --- - 

I . CROSS S E C T I  ONAL PHOTOMICROGRAPH OF SAE I 008 TEST 

S T R I P  SHOWING THE DEPTH OF COLD YORK ACCORDING 

TO THE VALENT I N €  METHOD. 

2. PHOTOMACROGRAPH OF THE CORRESPONDING ELECTROPOLISHED 

AND PEENED ALMEN "A" TEST S T R I P  FOR COVERAGE DETER- 

M I N A T I O N  ACCORDING TO THE STRAUB METHOD. 













.05h Cur W I R E  SHOT 
P 





O R I F I C E  S I Z E  --- 3/4 INCHES 

E X P O ~ U R E  T I M E  -- 0 SECONDS 

SHOT FLOW ------ t5 .8 LBS ./M I N. 

A R C  HEIGHT ----- 23.0 A-2 



O R I F I C E  S I Z E  --- 1 I N C H  

EXPOSURE T IHE  -- 30 SECnNOS 

SHOT FLOW ------ 104 LAS./HIN. 
A R C  HEIGHT ----- 32,n A-2 



O R I ~ I C E  S I Z E  --- 3/8 INCHES 
Exrosuur TIME -- 9 SECONDS - -7,' 

= I  

SHOT FLOW --.---- U ~ . ~ L B S . / M I N .  

A R C  HE I QHT ----- '15.0 A-2 -I 

' \ b'" 



RON SHOT --- 













O R I F I C E  S I Z E  --- 3/4 ~~ci-tas 
EXPOSURE TIME -- 30 SECONDS 

SHOT FLOW ------ . 51.4 LBS./MIN. 
A R C  HEIGHT ----- 28.5 A-2 









O R I F I C E  SIZE --- 314 I E P C M E S  

EXPOSURE T I M E  -- 30 SECONDS 
SHOT FLOW ------ 59.1 LBS./MIN.  

A R C  HEIGHT ----- 20.0 A-2 





O R I F I C E  SIZE --- 1/2 INCHES 

EXPOSURE TIME -- 30 SECONDS 
SHOT FLOW ------ 16.8 LBS. /MIN.  

A R C  HEIGHT ----- 13.0 A-2 



ORIFICE SIZE --- 3/4 INCHES 

EXPOSURE T I M E  -- 30 SECONDS 

SHOT FLOW ------ 57.0 LBS. /MIN.  

A R C  HEIGHT------ 16.0 A-2 


